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Preface

Humans and space

When faced with the issue of space exploration, one generally has an idea of the

fields of study and disciplines that are involved: technology, physics and chemistry,

robotics, astronomy and planetary science, space biology and medicine, disciplines

which are usually referred to as the �sciences�. In recent discussions, the human

element of space exploration has attracted more and more the interest of the space

sciences. As a consequence, adjacent disciplines have gained in relevance in space

exploration and space research, in times when human space flights are almost part of

everyday life. These disciplines include psychology and sociology, but also history,

philosophy, anthropology, cultural studies, political sciences and law. The contri-

bution of knowledge in these fields plays an important role in achieving the next

generation of space exploration,where humanswill resume exploring theMoonand,

eventually,Mars, andwhere space tourism isbeginning tobedeveloped.With regard

to technology, one might soon be prepared for this. Much less is this the case with

space exploration by humans, rather than by robots. Robotic explorations to other

planets across the solar system have developed in the past 50 years, since the

beginning of the �space age� with the presence of humans in nearby space and the

landing on the Moon. Space exploration is now not only focused on technological

achievements, as its developmentalsohas social, cultural andeconomic impacts.This

makes human space exploration a topic to address in a cross-disciplinary manner.

Humanities research explores the origins and products of the human capacity

for creativity and communication. Exploration is inherent to humans. Space ex-

ploration, and also human space exploration, as indicated above, has until recently

mainly been dealt with by the sciences. Against this background, addressing the

broader issue of humans in (outer) space with a focus on the human element and

not only on technology imposes itself.

The European Science Foundation�s Standing Committee for the Humanities

(SCH) has taken a strong interest in the study of the implications of exploration by

humans. This interest has led SCH to develop and lead an interdisciplinary

initiative on this topic in close collaboration with the also ESF-based European

Space Sciences Committee (ESSC).

The aim of this collaboration was to set up the first comprehensive and cross-

disciplinary European dialogue on human space exploration and humans in outer
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space. Its aimwas also to go beyond humans �only� as tools in exploration, or as the
better robot, and to address the inherent human quest for odysseys beyond the

atmosphere. Aim was also to bring together scholars who usually have few reasons

to meet in scientific forums, and exchange views in a non-traditional fashion.

Non-traditional because, beyond the technical aspects linked to human pres-

ence in space that have been studied by space scientists and engineers for the last

five decades, humans in space pose challenges that gomuch further than the ability

to survive.

On 22–23 March 2007, an ESF strategic workshop was organised at the

University of Genoa (School of Letters and Philosophy, Department of Ancient

and Medieval Studies) entitled Humans in Space. A Humanities Assessment of the

Implications of Space Sounding and Exploration, addressing some of the issues

identified above. Central theme was the role and situation of humans around the

Earth, their place in exploration, and the search for life in the universe. Should

humans explore space? Do the (cultural and economic) drivers for exploration

require human participation?What are the human abilities and reasons to adapt to

such extreme conditions as presented by the space environment beyondEarth?Are

there scientific grounds that should lead man to be prepared for – ethical and

societal – consequences of an encounter with extraterrestrial life? On the latter

issue, reflecting on previous human encounters (cf. 1492) may help.

The cross-disciplinary interaction which resulted from this workshop paved the

way for a conference onhumans in outer space, organised on 11–12October 2007 in

Vienna, in collaboration with the European Space Policy Institute (ESPI) and the

European Space Agency (ESA). The views and discussions presented at this

conference are laid down in this volume. Scholars from a variety of disciplines and

backgrounds, including history, cultural studies, religious studies, anthropology, the

arts, policy, law, ethics and economics, but also technology, presented their views.

This resulted in a continued and further strengthening of the interdisciplinary

European dialogue about human exploration ofMoon and ultimatelyMars, with a

particular emphasis on the human element, as is illustrated by the contributions to

this volume. The presentation discussions were structured around three odysseys

in humans off the earth, as is also reflected in the structure of this volume. The

conference has thus provided a uniqueEuropean perspective by identifying various

needs and interests of humanities and social sciences linkedwith space exploration.

From the Humanities, the conference has been a success. Not only on the

scholarly level, through discussions with colleagues in other disciplines, with

whom, indeed, regular interaction is not self-evident. The success has also been in

demonstrating the necessity and productive contribution of humanities and social

science disciplines understanding the universe in which we live, or will live in the

future.
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I would like to thank the participants to the workshop in Genoa, as well as the

speakers at the conference in Vienna, for sharing their views in an open and cross-

disciplinary manner. As one of the participants expressed it, the anthropologists

and the rocket scientists finally talked to each other and more importantly: they

also listened to each other.

Dr. Monique van Donzel

Head, Humanities Unit

European Science Foundation

Space and humans

What is exploration? Is it the pursuit of knowledge and science, wherever it leads

us? It is that certainly, but that clearly is not the end of the story. Explorers

throughout the ages have searched for fire, fresh water, food, milder weather, new

hunting grounds, stone, minerals, spices, terra incognita, gold, precious stones,

other life forms, rare animals, highmountains to climb,mysterious places to reach,

and in the process bringing back answers, novel things to study, theories, andmany

more questions asked.Exploration seems to lie at the convergence of several drivers

and behaviours, not necessarily compatible such as, curiosity (search for novelty

and change); quest for new territories, conquests and riches; need to display and

consolidate a nation�s prestige. Thus exploration is not the realm of scientists

alone: it is truly a societal enterprise thatmandates defining and enforcing rules and

ethics. Science seems to come out as a by-product of exploration, even if explorers

were sometimes also scientists.

So what is exploration? Is it, in the words of modern explorer Mike Horn, to

“adapt to situations you did not plan for”? Certainly, although I tend to prefer that

famed replica from an equally famed television series: “Exploration is to boldly go

where no man has gone before”. Space exploration certainly follows that definition.

What could be bolder than for humans to sit on top of a largely untested and slowly

exploding bomb, back in the early 1960s, if not the yearn to go where no one had

gone before: around, and then beyond the limits of, theEarth itself?What could be

bolder than to land a craft and a foot on the Moon, when nobody was certain that

the ground would not collapse underneath? The rest of the story is known and

largely deals with refining the science and technology that make these voyages

possible.However, and from the very start, it was essentially that: for humans to go

beyond the edge. It is thus quite paradoxical that space exploration remained for so

long the remit of rocket scientists while for the general public, the human element

was, and rightfully so, primordial.

Preface
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Indeed can we leave it to machines to explore the universe in our place? Even

though exploration will remain, for billions of human beings, a virtual adventure

for a long time, possibly forever, it is difficult to relate to what a machine is doing

250 million kilometres away. Humans in space bring “un suppl�ement d�̂ame” to

exploration. Finally, since one of the ultimate quests of space exploration by

humans and robots is to findwhether or not we are alone in the universe, the search

for extraterrestrial life is an extremely powerful driver: can we leave that to the

robots? Naturally, there are places where humans can go, and places where only

robots can work in. The exploration of the planets will continue to be done first

robotically, and then with humans, but the key issue is that the debate “man or

machine” is obsolete, and that humans should and will play a leading role in the

exploration of space. Without it space exploration will simply lack an important

societal and even scientific interest and perspective.

It is this realization, which provided the rationale for this ESF interdisciplinary

initiative on Humans in Outer Space. It has been a very large success, bringing

together colleagues from very remote disciplines who learned to talk together in the

process, and it should also pave the way for new initiatives within theESF andwith

the corresponding and very diverse scientific communities.

Dr. Jean-Claude Worms

Head, Space Sciences Unit

European Science Foundation
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Introduction: towards a new vision
for humans in outer space
Luca Codignola and Kai-Uwe Schrogl with Agnieszka Lukaszczyk
and Nicolas Peter

Nothing has catalyzed a change in space policy on the global, the European as well

as the national level more than the announcement of the U.S. President George

W.Bush in January 2004 to launch a newU.S. Space Exploration Strategy.1 It was

not the 2004Asian Tsunami, where Earth observation satellites were able to prove

the essential contribution of space technology in saving lives and managing major

natural disasters; it was neither the debate about the European satellite navigation

system, Galileo, providing an immensely important strategic asset for European

autonomy in a multitude of policy areas. No, it was the U.S. Space Exploration

Strategy with its goal of bringing humans back to theMoon and further on step on

Mars and beyond.

Moreover, this was not only a debate amongst policy makers, but it also reached

the public and drew its attention in various ways. Breathtaking pictures of ice on

Mars, a billion Internet hits during the Mars rovers� investigations, or the

landscapes of the Saturn moon, Titan, where the European probe Huygens

landed – they all demonstrate that humans long for knowing, what happens in

our solar system and finally desire to go there. The public is also attentively

following current human spaceflight to and from the International Space Station

(ISS), where Europe has only very recently attached its own orbital research

module.2 The next public frenzy is already in the making: with upcoming

commercial human suborbital flights, also known as space tourism. Hundreds

of thousands of people have already expressed their interests to experience such

short flights into outer space, and quite a few of them have already paid advances

for the various ventures.3

Hence, humans in outer space are neither science fiction nor are they dull

science. They are in the midst of policy debates and the public imagination. This

debate, however, has been lead during the past decades with a rather narrow focus.

Quarrels about budgets and fierce fights amongst scientific communities even lead

to a general distrust of the European public in space programmes in the late 1980s

and early 1990s. It was only in the late 1990s that governments and agencies began

to understand the public interest and support in human space activities to be more

openly reflected (and not only hidden) in their space endeavours and that they have
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to overcome the dichotomy between “utilitarian” and “trans-utilitarian” space

activities.4

Using astronauts, as role models for engaging the youth in science in a more

“aggressive”way is only one of the signals, topped only by the invitation during the

German European Union Council Presidency in early 2007 to have an astronaut

speak to the assembled heads of governments. Furthermore, an astronaut, Claudie

Haigner�e, recently became French minister for Research and another astronaut,

Umberto Guidoni, became member of the European Parliament.

It is in this context that the European Science Foundation (ESF) initiated the

process of bringing together the humanities and science to provide a new,

broader look at humans in outer space. Prepared in the Genoa workshop of

22–23 March 2007, this led to the “Humans in Outer Space – Interdisciplinary

Odysseys” conference on 11–12 October 2007 in Vienna. From the beginning

the approach was non-traditional. Non-traditional because, beyond the techni-

cal aspects linked to human presence in space that have been studied by space

scientists and engineers for the last five decades, humans in space pose

challenges that go much further than their ability to survive, and questions

that can only start to be addressed in the light of modern understanding of

historical events. Thus, this approach went further than regarding humans only

as tools for exploration or the better robots. It investigated the human quest for

odysseys beyond the atmosphere as well as it reflected on the possibilities to find

extraterrestrial life.

The Interdisciplinary Odyssey was organised along with space experts and

scholars from the area of humanities as well as social sciences discussed the roles

various disciplines such as law, philosophy, ethics, culture, art, psychology,

increasingly will play in space exploration. The output of the conference was

developed in formof theViennaVision onHuman inOuter Space, which provides

a unique European perspective in identifying various needs and interests of

humanities and social sciences linked with space exploration. This book includes

a selection of articles first presented at the Genoa workshop and later finalized for

the Vienna conference, where the “Vienna Vision” was eventually formulated and

approved. A few days before the conference took place, “Space Age” had reached

its 50th anniversary5, which allowed as well as asked for reflections on what has

been accomplished until the present. In addition, that anniversary urged for

creatively prospecting the future from various angles, since space activities and

exploration are no longer focused on merely technological attempts. In fact, their

development already have a great social, cultural and economic impact. Space

activities are now entering an era where the contribution of the humanities –

history, philosophy, anthropology, the arts as well as the social sciences, political

science, economics and law – will become essential for the future of space

Introduction

xvi



exploration. Finally, the attentiveness for the societal complexity of activities in

space is growing internationally.

The first part of the book provides a broad overview of the issue at stake through

articles by Luca Codignola, Gerhard Haerandel, Thomas Ballhausen, Agnieszka

Lukaszczyk, James Muldoon, G�ısli P�alsson, Ulrike Landfester, Edi Keck, and

Nicolas Peter. Varieties of different viewpoints build the foundation for the

upcoming Odysseys. The scene is set through the discussions of the human being

and its desire to explore the universe and to investigate what is really up there. The

visions of the young generation for the future are explored.Moreover, the notion of

“space” is discussed through its depiction in various forms of art as well advertising

andmarketing. All of this brings “space” closer to the reader and introduces him to

the journey that follows.

The sessions of the conference were described as “odysseys” to signify that

humankind is still on its way – or hasn�t even started to leave. During the

conference each odyssey was subdivided into four parts, which in detail illustrated

the importance of each odyssey. The interdisciplinary approach, whichwas applied

throughout the conference when examining the future of space exploration,

contributed to a unique analysis in the articles provided by the authors. These

will promptmany relevant questionswhile they shed a distinctive light on the topic

of humans in outer space.

The First Odyssey evaluates the presence of humans in the Earth orbit and its

consequences. Planet Earth is looked at from a different angle. It is treated as a

home to all humanity; thus, it reinforces the need for care and protection of the

planet. Claude Nicollier, Richard Tremayne-Smith, Gabriella Cortellessa and

FransG. von derDunk contributed to this part. The question of identity is brought

up, as once in space humans are most likely to identify with Earth as a whole

instead of one�s own country, region, etc. The idea of progress is discussed, as it is

often associated with travelling to the Earth�s orbit. It is also illustrated that the

high technology and the need for innovation are often inspired by the human space

flight. More than that, the various spin-offs are often beneficial for society at large

and can facilitate further research, thus, promoting science. In addition to the

technological progress, social progress is discussed. It is emphasised that space

exploration offers many possibilities for international co-operation through en-

deavours such as ISS.Mutual understanding and teamwork are crucial for successful

space mission and could perhaps promote further collaboration on Earth.

Technology in itself is an important part of the First Odyssey, as humans

continue to increasingly depend on various technological advancements. This

brings up the issue of human–machine relationship and how it may evolve over

time. The legal aspect of human space flight has not been neglected. The

importance of law is discussed, as with the further space exploration the need
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for development of the space law will become necessary in order to cultivate the

peaceful uses of outer space. Moreover, human rights are also considered, as

perhaps new moral challenges may face humanity in the future.

The Second Odyssey focuses on the various effects space exploration may have

on humans. Wolfgang Baumjohann, Jacques Arnould, Stephan Lingner and

Ulrike Bohlmann offer a great illustration of the subject matter. They argue that

the human factor is essential in space exploration. It not only fosters the

collaboration amongst societies and cultures but it also opens up the opportunity

to follow the thrust of scientific and cultural curiosity. The need for discovery has

been an essential part of human evolution and is precisely what continues to inspire

humans to explore new places and search for new worlds.

The authors have recognized that human space flight would very likely have an

effect on the various aspects of culture. Through regional co-operation European

values and priorities may be redefined and perhaps be strengthened. The genera-

tion which grew up in the space era has already had a different outlook on the

world, for instance on environmental issue, in comparison to the past generations.

The Third Odyssey is more of a philosophical nature. It concerns humans

leaving the Earth permanently; hence, migrating to distant planets. The issue of

how would that would affect human thought is posed. Contributions by Gerda

Horneck, Paolo Musso and Debbora Battaglia make for a very stimulating read.

The idea of habitat is examined owing to the fact that once leaving the Earth

humans would have to establish settlements elsewhere. First children would be

born in space. True space generation would be established. These experiences

would require adaptation to the new environment as life would most likely differ

very much from the one on Earth. While considering these issues, some authors

felt it was important to reflect on the issue of belief systems. The environment

humans are surrounded with often alters the scheme of faith, religion, morals, and

values. Would some of these systems collapse if humans leave the Earth

permanently? Would new systems of beliefs develop? The answers to these

questions and more are discussed throughout the book. The discussion is further

instigated by the thought of possible encounters with other forms of life in outer

space. A new chapter in the human history would begin should humans discover

they are not alone in the universe.

This book opens a door to a very much-needed dialogue concerning human

space flight in a variety of disciplines. Such dialogue is necessary in order to make

societies aware that space exploration involves much more than high technology

and science in order to be successful. Elements of what is needed are contained in

the conference results, described as “The Vienna Vision on Humans in Outer

Space”. The Vienna Vision provides the context as well as the main findings that

this interdisciplinary quest has produced. It is addressed to the programme- and
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decision-makers for reflecting on so far unnoticed or undervalued arguments and

reasons for a human presence in outer space. The Vienna Vision has already been

brought to the attention of its communities.6 Very rarely was an initially academic

venture been able to address its finding so directly. This one was able to do.

The editors are extremely glad ESF has taken the initiative to let the ideas of an

illustrious group of scientists and practitioners representing such a wealth of

disciplines and communities to enter the odysseys, which reached its Ithaka in the

form of theViennaVision and this book. The venture of humankind to broaden its

presence in outer space has only begun. Next year, the 40th anniversary of the first

human landing on the Moon will be celebrated.7 We hope that this book will

provide inspiration and assistance to scope the future ahead.

1White House Official Website. “President Bush Announces New Vision for Space Exploration

Program” 27 February 2008 http://www.whitehouse.gov/news/releases/2004/01/20040114-1.html
2Universe Today. “Columbus Module Attached to ISS after Eight Hour Spacewalk” 11 February

2008 http://www.universetoday.com/2008/02/11/columbus-module-attached-to-iss-after-sts-122-

spacewalk
3 Space Adventures OfficialWebsite. “More Space Flight Experiences” 27 February 2008 http://www.
spaceadventures.com/index.cfm?fuseaction¼Other_Spaceflight_Experiences.welcome
4Gethmann, Carl Friedrich. “Manned space travel as a cultural mission” Poiesis & Praxis, 4 Dec.

(2006): 239–252.
Schrogl, Kai-Uwe, Rohner, Nicola and Lingner, Stephen. “A New Approach in Justifying Space

Activities – Overcoming the Dichotomy of Utilitarian vs. Trans-utilitarian” 2nd Space and Society

Conference, March 2007 ESA/ESTEC, Noordwijk, Netherlands.
5On 4 October 1958, Sputnik had been launched.
6 By Nicolas Peter and Agnieszka Lukaszczyk at the 9th International Lunar Exploration Working

Group�s (ILEWG) International Conference on Exploration andUtilisation of theMoon (ICEUM9/

ILC2007) in Sorrento, Italy on 24 October 2007 and by Jean-ClaudeWorms and Gerhard Haerendel

at the International Space Exploration Conference co-organised by ESA and DLR in Berlin on 8–9
November 2007 where about 300 space policy stakeholders, including head of space agencies gathered.

In addition it was brought to the attention of the United Nations Committee on the Peaceful Uses of

Outer Space (UNCOPUOS)Scientific andTechnical Subcommittee on 15February 2008byKai-Uwe

Schrogl.
7On 21 July 1969, Neil Armstrong and Buzz Aldrin set foot on the Moon.
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CHAPTER 1

SETTING THE SCENE





1.1 Summary
Luca Codignola

Launched in August 2007, the Phoenix Mars Mission of the North American

SpaceAgency (NASA)finally tasted ameasure of success when, on 6 June 2008, its

Mars Landermade its first dig intoMartian soil and its Robotic Arm scooped up a

certain amount of reddish material from the top four centimeters of the planet�s
surface. The mission, NASA�s first in its Scout Program, was designed to verify

traces of volatile element, water in particular, and, consequently, to assessMartian

habitability potential. The programme has been some years in the making. It is

almost a year since the rocket was launched. Furthermore, the first Moon landing

took place in 1969. That was more than a generation ago. Are there alien entities

somewhere in the universe eagerly and impatiently waiting for us to arrive?

Is humankind moving too slowly in space?

Consider this. According to GerhardHaerendel, one of the contributors to this

chapter and a hard scientist himself (a physicist by trade), the solar systemwas born

4.6 billion years ago, the oldest known rocks were formed 4.4 billion years ago, and

the first traces of microbial life are 3.5 billion years old. Furthermore, it took some

three billion years to develop on Earth multi-cellular life – from which man and

woman took their first breath of life. In this chronological framework surely we can

wait another few years before we return to the Moon en masse, or we establish our

first space station around Mars, or we send a lander to Europa. This is Jupiter�s
sixth satellite, a crusty sphere perhaps consisting of ice, an element which implies

water, and, yes, habitability.

In spite of having made space his profession, Dr. Haerendel, however, is more

inclined to keep us down to earth and dampen our amateurish enthusiasms. Jos�e

Gabriel Fumes, a Jesuit Catholic theologian and astrophysicist who since

2006 heads the Vatican Observatory, does not consider the existence of extrater-

restrial life as in contradictionwith theChristian ideas of creation, incarnation, and

human redemption, implying that there might well be other forms of life

somewhere in outer space. How could God�s omnipotence be limited to such

a small planet within the magnitude of the universe? Dr. Haerendel does not deny

such a possibility, but well shows how difficult it is, and indeed improbable, that

humankind will ever find out, stuck as we are with our limited solar system and

even more so with the minuscule lifespan granted to each of us.
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Hard facts, however, are not the only nourishment of a human being. When

Christopher Columbus left for the New World, he knew what was pushing him:

“To increase theHoly Christian Religion . . . to seek gold and spices and to explore

land” (Journal, 6 November 1492). Only the second element of the classic triad has

to do with hard facts. In today�s terms, thesemay translate into a number of factors

that would enrich not only some daring entrepreneurs, but also the whole

humankind. This may happen through new sources of energy, new room for an

exploding population, new cures for old diseases through a better understanding of

human physiology, the monitoring and avoiding of natural disasters, and the

betterment of developing countries through the spreading of new technologies.

Agnieszka Lukaszczyk�s article, reporting on the extensive survey mapping young

people�s visions for the next 50 years of space exploration, makes it clear that the

generation that will produce the leaders of the future expect nothing less from

projects such as PhoenixMarsMission. Their utilitarian approach, however, is not

devoid of a certain optimism with regard to human beings� willingness and ability
to co-operate, let alone of an ethical preoccupation with the spiritual improvement

of humankind. In a way, this ethical preoccupation is the current translation

of Columbus�s desire to “increase” the Christian religion, the first element of

his triad.

As for Columbus�s third and final element, curiosity, this is, perhaps, the

most overwhelmingly present, albeit the most impalpable one. Dr. Haerendel

describes it as “the enormous philosophical relevance of the question of whether

we are or are not alone in the universe.” Curiosity of is often more visible in

fiction than in real projects taking place in actual life. For many years, actually

since the invention of the moving pictures depicting fictional events, we have

observed progenitors of the Mars landers descending upon the most distant

corners of the universe; spacecrafts orbiting the Moon; astronauts disappearing

into hyperspace; and alien entities –mostly ugly, dangerous, and lethal – battling

civilization and its superior moral principles. Thomas Ballhausen surveys the

history of science fiction through a selection of 90 moving pictures, from Voyage

dans la Lune (1902) to Sunshine (2007). His list is far from exhaustive, witness the

fact that he has elected to leave out classics such as Close Encounters of the Third

Kind (1977) and two great franchises such as StarWars (1977–2005) and Star Trek

(1979–2002 so far). However he who is that curiosity is never absent from the

genre, in that future scenarios are imagined that depict new technology, new

governance, new political systems, new societal aggregations, new “encounters”

(on which more later), let alone utopian visions of human progress. It is

Ballhausen�s contention that science fiction in moving pictures has always

responded to actual political situations, but has also been affected by real space

programmes. For example, the Cold War produced the best decade of science
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fiction moving pictures ever. One could also add that the Apollo programme was

another turning point in the genre.

What, then, about future encounters with alien beings? Fiction has long

imagined such an occurrence, but, as we know all too well, there is no accepted

evidence of such encounters having happened in the past. Furthermore, most

scientists who actually work on space programmes (such as Dr. Haerendel), are

rather skeptic and only give some chances of relative success to programmes such

as Searching for Extra-Terrestrial Intelligence (SETI). Historians A.E. (Alfred

Worchester)Crosby, Jr., andLucaCodignola, whose articles we have left for last in

this introduction, allow that they are not equipped to predict future encounters.

However, they emphasize that encounters between different entities have indeed

happened in the past on Earth itself. Furthermore, such encounters have not been

inconsequential.

Dr.Crosby, onemight recall, is the onewho through his 1972 book imposed the

notion of “Columbian exchange” on the community of historians and made it a

commonplace locution even among lay readers. According to him, it was the

biological exchange who wiped out a vast proportion of the aboriginal peoples of

the Americas and made Europeans suffer the same fate in Africa. The same

biological pattern, Dr. Crosby shows, was repeated over and over in other regions

of the world, such as the Pacific Islands. In the article he has written for this book,

Dr. Crosby equates the case of Hawai�i, given its position in the centre of the

Pacific Ocean, to that of a distant planet positioned somewhere in the universe.

The catastrophic consequences that devastated the Hawai�ian human beings once

encounter took place, let alone its flora and fauna, are a dire warning to what may

happen when encounters take place in outer space. Signs of it, Dr. Crosby

maintains, are available aplenty.We humans, he writes, “areminiature ambulatory

jungles.”

For his part, Codignolamostly agrees withDr. Crosby with regard to the nature

of the biological exchange. He points out, however, that biological exchange also

took place alongside ideological exchange. Codignola adds that, from theWestern

point of view, ideological exchange took place within the ideological framework of

the Christian church. There the real trauma was represented by the arrival of the

Mongols into the world scene in 1221. Although the Columbian voyage is

normally mentioned as the quintessential encounter between two worlds, the

discovery of America then represented a comparatively minor psychological

trauma. Furthermore, in picturing future scenarios, Dr. Crosby seems convinced

that themeeting of foreign worlds cannot bring but catastrophes, as it happened in

the past. Codignola is more skeptic, in that he believes that nothing, really, can

prepare humankind for an encounter of this kind, becausewe only knowone side of

it and variables are as innumerable as they are unknowable.
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1.2 Micro-organisms and extraterrestrial
travel
Alfred W. Crosby

I am taking as given thatmore practical means of space travel than exist nowwill be

developed in the next century or two and that colonization – actual settlement – of

extraterrestrial bodies will follow.Neither of these is certain or even close to certain,

but they might happen, and if they do, problems will arise about which we had

better start thinking beforehand, not during. We usually approach with a

technological bias the subjects of extraterrestrial travel and possible colonization.

When destinations are beyond our planet, the problem of simply getting from here

to there is so intimidating that we initially think of the challenge in terms of

engineering. But we may discover that the tougher problems may be biological.

In our next decade spacecraft will be returning with extraterrestrial samples and

more probes will be launched to get more samples than ever before. Right now we

need to think at least as carefully about the life forms that may be on board space

vehicles as we do about the vehicles per se. What will the organisms we will carry

with us outbound do in their new environments? Also, what about the possibility

that there are organisms native to the planets, asteroids, etc., to whichwewill travel

and from which we may bring alien organisms to Earth? Will they survive here

at all?Will they thrive here to our advantage or disadvantage, i.e., to the detriment

of our health, food sources, and earthly ecosystems in general?

This allmay sound like science fiction.However, I amnot inspired byfiction but

by history, by what happened when people first made a habit of crossing the great

oceans, i.e., post 1492, establishing commercial and political and therefore

biological connections between the continents and with previously remote islands.

These lands were all chockfull of plants, animals, and microlife for enriching

human visitors and for infecting them with unfamiliar diseases. The latter

phenomenon still continues. I point to the spell out acronym (SARS) scare of

a few years back and to the current threat of avian influenza. If today east Asia can

produce pathogens to threaten Europe with pandemics, what might Jupiter�s
moon, Europa – just possibly juicy with life – provide for our entertainment? One

might say that examples of what human ocean-crossers triggered by carrying

micro-organisms with them are of no use to us in our considerations of the

consequences of space travel. Such as we might call Columbian examples are too
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simple, too slow in pace, and too slight inmagnitude – entirely too earthly – to help

us think clearly about interplanetary contacts. I answer that, on the contrary, these

examples can be very helpful in leading us to good questions, which are the

prerequisites of good answers.

Let us look, for example, at theHawaiian islands, which are today the crossroads

of the Pacific world, but a few human generations ago were biologically and

anthropologically what they still are geographically, i.e., the most remote and

isolated major archipelago on the planet. Looking to Hawaii for hints about the

possibilities and implications of space travel may strike the reader as absurd.

Hawaii is green and hospitable and Mars, to choose what is likely to be the first

planet humans will actually visit, is grey and inhospitable. A comparison of the two

seems a waste of time, but we must not let ourselves be misled by technicolor

contrasts. The pertinently significant contrast between Hawaii and Mars is not

green vs. grey, but the presence of life here on Earth compared with the possible

presence of any life at all onMars.Mars may not be totally barren. If there is life in

any form there, our concept of the universe and of ourselves will change instantly

and massively and we will be forced to cope with opportunities and dangers of a

magnitude undreamed of in Christopher Columbus�s era.
TheHawaiian archipelago is geographically remote, not 100million kilometers

away, but 3000 or so away from the nearest continent and several hundred from the

nearest islands capable of supporting more than a handful of humans. It is also

remote in its biota. Ninety-six per cent of its native flowering plants occur naturally

nowhere else.When Europeans first arrived –Capt. James Cook and his sailors in

1778 – the only mammals there were the dog, pig, and rat, all brought in by the

Hawaiians, and, of course, the Hawaiians themselves, mammalian every one. The

only truly native mammal of the Hawaiian islands is a bat. In 1778William Bligh,

one of Cook�s captains, estimated the Hawaiian population at 242,000.8 We get

our first dependable population counts from the Yankee missionaries who started

arriving in the 1820s. These haoles (Hawaiian for outsiders, usually white folks)

believed in arithmetic, counted and calculated seriously, not artistically, and stayed

on and spent the rest of their lives on the islands. By the 1840s Hawaiian

population statistics were among the most respectable in the world. In 1823 the

missionary-demographers estimated the Hawaiian population as 135,000; in

1850, as 84,000. By 1878 there were only 48,000 Hawaiians, even including

some of only partlyHawaiian ancestry. Thatmarks a drop of at least four-fifths in a

century.

What explains this tragedy? Genocide? The Hawaiians were ruled by their own

royalty until the latter years of the 19th century and while there were murders and

at least one massacre, there was no slaughter to compare to what happened on the

Americanmainland. Slavery?Nothing to be compared to what happened inAfrica
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and America. Emigration? Some men left as sailors, but not many relative to the

total population, and very few women left. Gross exploitation of laborers on

plantations �a-la-West Indies to cultivate products for export? Indeed there was

some of that, but later in the century after the worst years of population decline.

Cultural dislocation? There must have been plenty, but I doubt that many people

die because they are confused and depressed, though there was a decline in the

birth rate and may have been increased infanticide.

Infectious disease? After 1778 the Hawaiians were in ever increasing contact

with people from lands with big human populations, particularly dense in the

ports, and large herds of livestockwithwhich humans exchanged diseases. To cite a

specific example of what could happen, take the case of King Liholiho and Queen

Kamamalu, who sailed toBritain early in the 19th century. Both died inLondon in

1824 of measles, a disease yet to debark in their islands. Early in the 19th century,

1804 perhaps, there was an epidemic of the semi-mythic oku�u, about which
science knows nothing, but which Hawaiian tradition credits as being particularly

fatal. In 1824 three epidemics swept the islands –measles, whooping cough, and

influenza. The death rate from all three added together was estimated at 10%. In

1853 the most dreadful killer of American Indians, smallpox, arrived. The death

rate that year was 105 per 1000.

These assaults on the Hawaiian population were accompanied by a steady

drumbeat of a new and now constant factor in the islands� demography: sexually

transmitted disease (STD). Hawaiians, who may have had little experience with

STDs before 1778, found themselves subject to the unwavering attentions of tens

of thousands of sexually hungry men – sailors. The Hawaiians suffered from

venereal infections, which not only killedmany, butmust have sterilized a lot of the

women. TheHawaiians� population dropped from no less than 242,000 to 48,000

in one century. Similar death rates afflicted many newly contacted populations –

Aztec, Incan, Maori, the indigenes of Siberia – and, I should note, among

Europeans as well when they landed on the malarial shores of tropical Africa.

Such abrupt explosions and implosions of invading and indigenous organismsmay

occur on planets and other heavenly bodies we land upon.Maybe there is no life out

there to endanger visitors or to be endangered by visitors, but surely we should

restrain ourselves from leaping to that conclusion.We have a profound duty to act

as if there were life on or in Mars and elsewhere out there.

The astrobiologists divide the subject of exchange of organisms between

heavenly bodies into two categories, “forward contamination” and “back con-

tamination.” The first deals with the possible effects of our bringing earthly

organisms to extraterrestrial destinations, infecting them with immigrant organ-

isms, possibly disrupting whole ecosystems, and most certainly erasing much of

their value to us for providing evidence of how life evolved wherever found.
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Intellectually, our chief problem in thinking about such matters is that thus far we

have only one example, our earthly one, of the origin and evolution of life. We are

intellectually hobbled because we normally reason about complicated matters by

making comparisons and ferreting out correlations, but we cannot compare X to Y

if we only have X. We are obliged to be very careful about Y, in this case

extraterrestrial life, if we find any.

The second kind of contamination, “back contamination,” refers to the possible

effects of bringing extraterrestrial organisms to the home planet, to Earth. The

organisms we are most worried about carrying back – and, for that matter,

forward – are those which are the best adapted for easy pick-up and delivery,

the micro-organisms. Their threat demands the strictest standards and sophisti-

cated planning. Such can lead to silliness, of course. Some officials in the United

States� National Aeronautics and Space Administration (NASA) want the robot

vehicles inspectingMars to avoid the gullies because that is where water may have

flowed and where invading micro-organisms from Earth carried by imperfectly

sterilized machines would be most likely to establish themselves, disrupting our

investigations. Other NASA officials fume and point out that in large part we are

investigating Mars precisely to find if there is any life there, and the likeliest

location for native Martian life is the gullies.

TheAmericans inNASA and, presumably, equivalent Russians and others with

inclinations for space travel, have taken the standard earthly public health pre-

cautions against micro-organism stowaways; for instance, meticulous medical

examinations of the human travellers before and after missions. German measles

amongNASA personnel almost led to the cancelling of an earlyMoon visit. Non-

human living travelers (mice, bacterial samples, etc.) and, of course, of all materials

collected from extraterrestrial bodies, are sterilized or kept in isolation. The first

teams of humans returning from theMoonwere strictly quarantined for days.And,

of course, everything else that made the roundtrip – the mice, the equipment, and

entire spacecrafts, etc., – have been sterilized. Even so, there is still plenty about

travelling to and returning fromother planets, comets, andwhat-have-you toworry

about. Just because the Moon is encouragingly dead does not mean that other

bodies beyond our atmosphere are, too.There are no gullies on theMoon, but there

are onMars. Perfect quarantine is impossible in practice. For example, in 1969 the

Apollo 12mission visited the Moon and returned to Earth. One of the items its

astronauts brought back homewas a camera, part of a Surveyor probe deposited on

theMoon 3 years before. Back on Earth, micro-life, specifically streptococci, were

discovered inside its camera, healthy and capable of growth. Twenty-two years

later Pete Conrad, commander of Apollo 12, said: “I always thought the most

significant thing that we ever found on the whole . . . Moon was that little bacteria

who came back and lived and nobody ever said [anything] about it”.

1.2 Micro-organisms and extraterrestrial travel

9



Two explanations for the streptococci being in the wrong place at the wrong

time have been offered. The first was that the microbes were earthly passengers

from the Surveyor probe which had somehow survived years on theMoon despite

the temperature extremes, desiccation, and radiation. If true, that would indicate

that microbes were better suited for space travel that we had believed, a disturbing

thought. Less disturbing was the official explanation that the streptococci in

question had really never left the Earth, but were the product of a “breach of sterile

procedure”. One of the instruments being used to scrape samples off the Surveyor

probe for culturing after the Apollo 12 astronauts brought it back home had been

set down on a non-sterile lab bench where it must have acquired the streptococci.

It was then used again, depositing the streptococci on the probe. Said microbes

had not travelled millions of kilometers but only a meter or two. Absolute

sterilization is hard to maintain in practice, and the Apollo 12 astronauts and

their aides were thoroughly human and therefore prone to error (Apollo). We

humans are inclined to think of the Earth in terms of humans andmost certainly of

multi-cellular life. The truth is that it is the bacteria planet. Here life in one-cell

packages encompasses over 90% of genetic diversity and an overwhelming

majority of the total biomass. Single-celled life forms are everywhere, even on

the exteriors and in the interiors of the most neurotic hand-washer among us.We

humans are miniature ambulatory jungles whereon and wherein millions upon

millions of micro-organisms dwell, which we carry with us everywhere we go.

We are in and of ourselves excellent means for exchanging microlife between

heavenly bodies.

Let us consider the probable characteristics of the life forms thatmay exist on the

moon, Mars, the other planets, their moons, the asteroids, and which may be

somehow surviving in space dust. When our rockets first began to fly beyond our

atmosphere, our assessment of the possibilities of possible manifestations of

life was limited by what we knew of life at the time. That was derived from what

we knew of earthly life, all of which, as far as we knew, lived on or close to the

planet�s surface in environments that even at their worst did not exceed the limits

of what scientific common sense imagined as tolerable. Then came the debut

of the well-named extremophiles, earthly organisms – almost all of them single-

celled – that exist and even propagate in environments that would kill you and

your piggy-backing microbes instantly. We have found the extremophiles in the

depths of Yellowstone�s boiling pools; alongside tiny volcanoes kilometers deep

in the oceans; and in ice that has not been liquid for millennia; at incredibly

high altitudes; luxuriating in liquids of extreme acidity and alkalinity; in crustal

rock; at temperatures that we used to think prohibited life; and at pressures a

thousand times greater than we experience personally. Hence the name

extremophile.
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The first extremophiles to be sequenced were the Methanococcus jannaschii,

single-celledmicrobes living near hydrothermal vents 2600m below the surface of

the sea, where temperatures approach the boiling point of water, and the pressure is

sufficient to crush an ordinary submarine. There, the Methanococcus jannaschii

survive on carbon dioxide, hydrogen and a few mineral salts. In fact, it cannot

tolerate oxygen. An even more celebrated extremophile lives in Antarctica under

ice four-kilometer thick over a reservoir of fresh water the Russians named Lake

Vostok. They drilled a core vertically though that ice, 3623m in length, the longest

yet. There they wisely stopped for fear that they might penetrate all the way to the

liquid water at the bottom and contaminate it. Toward the far end of the core, they

found a community of living microbes. U.S. microbiologist David Karl, who has

worked on the Vostok extremophiles, has stated: “Our results extend the possible

limits of life on Earth and elsewhere in the Universe” (Britt). The Vostok

extremophiles have inspired new interpretations of old data, and in January

2007 give first name and middle initial if any Schulze-Makuch of Washington

State University and give first name and middle initial if any Hootkooper of

Justus-LiebigUniversity speculated thatwe actually found life onMarsway back in

the 1970s, but did not recognize it because we did not know about extremophiles

then, that is, we did not know that there might be organisms that rely on hydrogen

peroxide in their metabolism (Washington). To utilize a tired American clich�e,

you do not have to be a rocket scientist to wonder if organisms as tough as the

extremophiles – some benign, some possibly not –might be waiting for us onMars

and the extraterrestrial bodies elsewhere, if not on their exteriors then in their

interiors. CouldMartian extremophiles live here? That is unlikely and even if they

did establish a beachhead onEarth, they probablywould not endanger us.After all,

they would be the products of a stream of evolution separate from ours and would

have had no opportunity to adapt to our bodies and behaviors. On the other hand,

they justmight adapt fast, inwhich case themagnitude of the possible damage they

might cause would be unpredictable. They might endanger not merely individual

health, but the function and balance of major ecosystems.

Let us now consider what I would describe as Darwinian Probabilities. Space

colonization, a possible (but by nomeans certain) sequel to space travel, would have

unexpected side effects. Space colonization would settle human beings in separate

homelands whose citizens would rarely meet, much less interbreed, homelands

with different strengths of gravity, different kinds and degrees of radiation,

different kinds of atmosphere, different life experiences for their inhabitants –

differences which would spur divergent evolution. For thousands of years before

Columbus, Ferdinand Magellan, Cook and other European ocean-spanners, we

humans lived in a geographical arrangement a bit like the above, i.e., separate

homelands with different environments. Our Pleistocene ancestors had migrated
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out of Africa to the far corners of the world. There they created different societies:

some were hunter-gatherers, some were farmers, some possessed metal tools and

weapons, some did not, etc. These geographically divided peoples also differed in

their infectious diseases, first, because their local environments and biotas differed

(for instance, America was not suitable for the evolving of yellow fever, while

Africa was); secondly, because the behaviors of widely separated peoples differed,

so that, for instance, the aborigines of Australia did not have cities and migrated

often, and therefore rats and plague were not problems in Australia until

introduced via outsiders.

Extraterrestrial colonists of future generations will innocently cultivate new

strains of pathogens (germs) in their remote colonies, innocently export them via

freighters and ferries. At the next colonies visited the new micro-organisms will

celebrate their travels with virgin soil epidemics, i.e., epidemics among people who

have never experienced the infection before or within a full generation. The

occasional contacts between the colonies and between the colonies and Earth will

enable insular pathogens to migrate. This has happened in the 14th century when

the Black Death followed the Silk Road, brand new by paleoanthropology�s
standards, east and west across Eurasia to China and Europe, and even to Iceland.

It happened again when Columbus brought the Old and New Worlds into

contact, triggering the worse demographic disaster of all human history. Space

travel and colonization will alter the size, shape, strengths and functions of the

bodies that we have inherited from our hunter-gatherer ancestors. The first

humans on Mars, Europa, etc., will be adult technicians of one kind and another.

They will yearn for recognition and promotion, not for propagation. They will be

succeeded by real settlers, male and female, of similar ambitions, but who will also

want to build families. These people will produce the first human babies not born

on Earth. Different colonies will differ radically in environment (in radiation and

gravity, for instance), thus stimulating mutation. For example, what would the

pregnancy of a 60-kg woman be like on Mars, where she would weight about

20 kg due to different gravity? What would her baby be like – if it survived? My

guess is that after, say, a thousand or so years of extraterrestrial propagation,

distinctively Martian physical and functional differentiation will be appearing.

Ten or twenty generations after that, Earthlings and Martians may be different

enough to qualify as separate species. And, of course, there will be another

humanoid species in the colony on Europa, another on Titan, etc. Terrestrial

Homo sapiens will have cousins, a situation we have not known since the demise of

the last Neanderthal. The challenge to our self-image and therefore to our ethics

and behaviors will be as great as it was in the years following 1492 whenColumbus

and his successors had to decide whether to consider American Indians as fellow

human beings or not.
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8 Thatwas the lowest of contemporary estimates, based on eyeball estimate of the coastal population and

probably ignoring the considerable numbers living in the interior. Some demographers have recently

judged the total population there at the moment of contact at 800,000.
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1.3 Future encounters: learning
from the past?
Luca Codignola

1.3.1. Discovery, encounter, meeting, contact: old wine
in new bottles

Historians may well be accused of adding a rather sombre note to a debate that

takes the necessity (but not the inevitability) of space discovery and exploration for

granted such as it is presented in this book. Among historians of the early Atlantic

world, such as myself – let alone anthropologists, ethnologists, and political

scientists – discovery and exploration have recently become unfashionable, if not

altogether disreputable, subjects of study among historians. Even the term

“discovery” and its apparently more correct substitute, “encounter” have fallen

into disgrace, because such terms allegedly give only a European point of view. In

fact, I have myself used the term “encounter” for this article simply to avoid the

wrath of the scholarly community – although I still prefer the world “discovery,”

which is at least explicit. Indeed, the notion of “encounter,” as applied to

Christopher Columbus�s 1492 navigation and the so-called “meeting of

the two worlds,” implies that “encounter” first took place between Europeans

and American aboriginal peoples, as if other encounters between communities,

ethnic groups, nations, peoples and cultures had not taken place prior to 1492 – a

notion that is patently false.

Weall recall director StevenSpielberg�s 1977movingpicture,CloseEncounters of

the Third Kind (1977), in which human reaction to physical evidence of a benign

alienpresence onEarth is depicted.Twenty years later, anotherHollywoodmoving

picture, Robert Zemeckis�s Contact (1997), based on astronomer Carl Sagan�s
novel, used the word “contact” instead. This was then – and still is to this day – the

accepted buzzword that replaced both “discovery” and “exploration” and, up to a

certainpoint,“encounter.”Itsproponentsmaintain that the ideaof“contact” ismore

appropriate than its predecessors to make audiences and readers understand the

points of view of communities, which meet in any part of the globe. This very

sociological emphasis on themeeting of communities, as opposed to races, peoples,

or nations, has now completely replaced the genres of national epic and even

scientific reportage that had been the hallmark of discovery and exploration studies.
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The origins of this shift from discovery and exploration to contact studies can be

traced back to the late 1960s. The process came to a climax on the occasion of the

Columbus Quincentenary in 1992, when “almost all the assumptions behind the

European expansion . . .were fiercely interrogated and inmany cases repudiated.”9

This new attitude towards European expansion has spread even within the famous

Halkuyt Society, which was established in London in 1846 to study the “records of

voyages, travels and other geographical material of the past,” but that seems now

principally devoted to “illustrate alleged human and environmental disasters

caused by European out-thrust and cultural encounter.” In the words of one of

its leadingmembers, British historian Paul E.H.Hair: “What was [in the past] too

loudly trumpeted as praiseworthy is now not uncommonly seen as contemptible;

what was considered positive and a global gain is widely . . . interpreted as negative

and a loss for humankind.”10 From all this, there seems to be only one possible

conclusion. The concepts of discovery and exploration should be applied only to

places where no human being had ever set foot prior to the arrival of the discoverers

and the explorers. This narrow definition leaves us with Antarctica, much of the

Arctic region, previously inaccessiblemountain and desert areas, and, finally, outer

space.11

In the latter, however, as opposed to the top of the Himalaya ranges, encounter

with alien entities could indeed take place – tomorrow, next year, in future

generations – if it has not already taken place in the past, without myself being

aware of it. I know that among scientists and specialists in thefield, opinions vary as

to the possibility of such encounters and especially their timeframe.However, as far

as I can tell, no one seems to simply exclude such a possibility, if only because we all

recall from our elementary school days the somewhat caricature-like depiction of

the Spanish scientists who did not believe Columbus� claim that he could reach

Asia from the other side. (That they were right andColumbus was wrong has been

obliterated by the fact that America was actually discovered in the process.) Our

technology might still be primitive in that regard, but whoever or whatever is out

theremight simply reach us, as opposed to us finding them aboard someEnterprise

ship in Star Trek fashion. (Paolo Musso�s article in this book, however, seems to

exclude even this possibility.)

Indeed, can humankind prepare itself for such a possible encounter with alien

entities in outer space by learning from the experience of past encounters on this

planet, for which there is plenty of evidence, especially with regard to the past one

thousand years or so? Let us review some of the main issues involved in these past

encounters before getting onto a discussion on whether such a preparation could

really an option for humankind. Overall, there are twomain issues involved in past

encounters, at least as far as the western world is concerned. The first is ideological

and the second biological.
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1.3.2. Contact: the ideological issue

With regard to ideology, the ideological framework for encounterswas provided by

Christianity and by the doctrine and practice of the Christian church – which in

the late medieval and early modern ages was the entity that defined both Europe

and theWestern world. The reaction of the Holy See to the discovery of America

falls entirely within its long-established tradition. In fact, there is little difference

between the papal bull, Orthodoxe fidei propagationem (1486), issued just before

Columbus�s earliest voyage, the two bulls known as Inter caetera (1493), issued as a
reaction to it, and another bull known as Veritas ipsa or Sublimis Deus (1537),

issued about one generation from the earliest contact. In spite of the fact that a new

continent, let alone an entirely new race, had been discovered – potentiallymillions

of individuals – of which there was no trace either in the sacred texts or in the

teachings of the Christian church, the human nature of the new race was never

doubted.

In fact, the process of European expansion, as well as the attitude of the Holy

See, had rather distant origins. This process can be dated back at least to the

Portuguese conquest of the fortress of Ceuta in Morocco (1415), and the ensuing

discovery of the Atlantic and Equatorial islands. Or earlier, to the 1340s, when the

Canary Islands, with its local population, were discovered. Or even earlier, the

announcement of the First Crusade in 1095. As is well shown by U.S. historian

JamesM.Muldoon, a distinguished contributor to this book, theHoly See and the

Christian Church did not wait for the discovery of America to address the issue of

how to deal with communities that did not base their existence on the same

principles. There had been a debate revolving around the ill-treatment of non-

Christian peoples at the time of the Crusades. Furthermore, there had been an

attempt on the part of pope Innocent IV in the 13th century to sort out the Holy

See�s legal precedents concerning non-Christian peoples. All in all, the discovery

of America represented a minor psychological trauma for the Christian church,

especially when compared to the arrival of the Mongols into the world scene in

1221. At the time, Europeans shuddered at the realization that the Earth was not

inhabited mainly by Christians andMuslims, besides someminor barbarian tribes

living on its fringes, but that, on the contrary, the opposite was true, showing that

Christians were a tiny minority surrounded by millions of menacing pagans.

At the time of the Mongol invasion as well as at the time of the discovery of

America adjustments had to be made, both at the theological and at the practical

level, but the Christian church did not go through any major crisis – especially

when compared to the one it went through on account of the Protestant

Reformation, which was almost contemporaneous to the discovery of America.

Priorities did not change. Union with the Eastern Christian churches remained
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the first one, later to be coupled with the reclaiming of the Protestants. The

reconquest of theMuslim lands came immediately second. Third placewas held by

the pagan peoples, encircling the Mediterranean Sea, among which the Oriental

peoples constituted the vast and most interesting priority.12

1.3.3. Contact: the biological issue

The second issue involved in past encounters is biological.We all are familiar now

with the locution “Columbian exchange,” signifying what happened, in biological

terms, when Europeans met Americans in and after 1492 – the exchange of

microbes, bacteria, and pathogens, to use a non-scientific terminology, which was

made possible by the migration of plants, animals, and human beings first across

the Bering Strait and then across the Atlantic Ocean. Later, this locution came to

be used also in conjunction with other “new worlds” such as certain areas of Africa

and, especially, Australia, NewZealand and the Pacific Islands. This is now such a

pervasively used concept that we tend to forget that it began with a book published

in 1972, titled The Columbian Exchange, authored by then 41-year-old U.S.

historian Alfred W. Crosby, Jr.13 The Columbian Exchange thesis was later

modified, sharpened, and even challenged by later practitioners in the several

disciplines it touched, but a generation after it was first formulated it remains a

fundamental point of reference. Allowme to recall themain points on which there

seems to be substantial agreement among scholars.14

In 1492 the Americas were not an empty land, but indeed, they were almost as

populated as Europe.15 Except for very sparse encounters in the Newfoundland

region, most of the contact activity took place in areas where the American

population was overwhelmingly superior to the number of newcomers that the

Spanish ships were able to deliver to theCaribbean andCentral America. Between

1492 and 1573, the period historians pompously refer to as the Conquest, the

Spanish, who did not arrive in great numbers, wiped out some American nations

(for example in the Caribbean islands), subjugated a number of them, and took

control of some of their useful territory. But a conquest it was definitely not,

because the Spaniards never had the manpower, the willingness to complete it, or

the adequate resources to do so.16

The issue of the initial clash, however, remains.Howdid so fewSpaniards defeat

such a variety of American societies, which inhabited such extensive territories and

wereoftendenselypopulated,within comparatively little timeandwith so fewmen?

Over the centuries, historians have offered a number of seemingly plausible

explanations, none of them fully satisfactory. There is the military explanation:
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the Spanish were vastly superior because they used firearms, horses, and dogs; they

were all trained soldiers; andusedorganized terror as amatter of course.There is the

psychological and mythical explanation: local cultures mistook the Spanish for

deities and were awestruck by their appearance and power, so that they did not

immediately react to thedeadly threat theyposed.There is thepolitical explanation:

a number ofAmerican nations tried to use the Spanish newcomers asmilitary allies

against their enemiesor the ruling elites.All these reasons, or combinations thereof,

have some validity with reference to specific instances. They fail, however, to take

into account theoverall lengthof the initialmilitary conquest,which, rapid as itwas,

lasted for almost threegenerations.Theyalsobelittle theAmericans�ability to learn,
adapt, and react. Conversely, they overestimate the effectiveness of the Spaniards�
firearms, the long-termpsychological impressionmadebytheir appearance, and the

political unity of the conquistadores.

Furthermore, why is it that nothing of that sort happened in Africa, where the

Portuguese and theSpanishmight have profited from the same advantages? In fact,

the real difference between contact inAfrica and in theAmericas was that inAfrica

Europeans proved unable to survive in the new biological environment (in which

adultAfricans alreadywere lucky survivors in a catastrophic biological environment

that killed off most of each new generation), whereas in the Americas it was the

Americanswhoprovedunable to survive17 (Curtin,Davies).The latter followed the

path of the natives of the Canary Islands one century earlier, whowere shattered by

the deadly violence of the encounter with the pathogenic microbes that the

Europeans had, unwillingly and unconsciously, brought with them. After thou-

sands of years of separation from the rest of theworld, theAmericans had lost all the

biologicaldefences,which allowedEuropeans,Asians, andAfricans to resist simple

illnesses such as cold and influenza with some possibility of success. For the same

reason the Americans were sitting targets for infectious diseases which probably

were smallpox, mumps, whooping cough, chicken pox, measles, and scarlet fever.

From a biological point of view, the consequences of contact were as rapid as

they were catastrophic. In the Caribbean and Central America in general

(smallpox first appeared in Santo Domingo in 1518); the population diminished

by more than 900 per thousand in only the first quarter of the century following

contact. It has been calculated that the Mexican population collapsed from

25,200,000 in 1518 to 750,000, its lowest figure, in 1622. The disappearance

of the Americans was so appallingly rapid and widespread that every European

observer noted it. People were dying inexplicably, in unimaginable numbers and in

altogether new ways. It was as if the balance between animals, plants, human and

spiritual being which until then had underlain the physical and intellectual

universe of the Americans had been broken. The Americans who survived the

Spanish microbe invasion began to lose any will to live. In short, this biological
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imbalance achieved negative demographic results amongst the Americans that no

Spanish violence, nomatter how conscious, ruthless andwell organized could have

ever achieved.

Two correctives need to be added immediately, however, to a “catastrophe”

reading, which might quickly transform into a quasi-biological determinism. The

latterwouldnotexplain, forexample,whysomeAmericannations survived theearly

impact of contact and others did not. The first corrective is that Central American

epidemics did not spread, swiftly and automatically, throughout the rest of the

Americas. For example, in North America the first epidemic we know of broke

out in 1616 on the coast of present-day Maine, and the first outbreak of smallpox

was as late as 1633. The second corrective is linked to the fact that, contrary to the

romantic image of a pre-contact American world without significant illnesses,

Americans were short-lived and suffered from malnutrition, anemia, arthritis,

osteoporosis, blindness, cavities, skin diseases, tubercular infections, pneumonia,

and treponematosis.18 This means that their communities reacted differently to

the impact with European germs, depending on their state of health. Some were

destroyed, such as the Caribs and theArawaks. Others overcame the initial trauma

relatively easily. Although specific explanations are harder to come by, we can date

the initial demographic recovery of theAmericans as early as themid-17th century.

Once we have taken into account these two main issues involved in past

encounters – ideology and biology – which we have described mainly with regard

to the Americas, but that could very well be applied to a number of other

experiences, the history of the encounter between Western civilization (or

Christianity, or Europe, as we have defined it so far), is mostly a long history

of reciprocal adjustments. Over the long run, it is rather easy to depict this

encounter as a progressive conquest in which Europeans got the upper hand and

the so-called non-Europeans were either wiped out, enslaved, or exploited. In the

case of Asia and Africa, this is simply untrue, as proven quite simply by

demographic data. In the case of the Americas and the South Pacific, this

unfortunate process did indeed take place, but when carefully examined over

short-time spans or geographically-limited regions, this simplistic explanation

belittles the non-European peoples� ability to react, adjust, create, and profit from
the European presence.

1.3.4. Has history prepared us for contact?

Let us now go back to the future and briefly discuss whether past experiences of

humankind can teach us how to be better prepared tomeet the challenges of future

1.3 Future encounters: learning from the past?

19



encounters in outer space – or future encounters with entities visiting us from outer

space, whatever the case may be. Based on past experience, on paper, two main

options await us. The first is biological.Whenwemeet new entities, one of the two

does not survive the challenge – or at best comes out of the initial encounter very

weak, physically disabled and psychologically shattered. We hope humankind is

not going to be the loser in this initial conflict, in which voluntary decisions and

individual agency is not at play. If we come out the winner, however – as indeed we

all hope – our biological superiority might carry with it some feeling of culpability

that wemay later overcome by extolling the virtues of the “others”. Once, of course,

they have been exterminated or reduced to a non-challenging role by the microbes

of our ancestors. It has, indeed, happened in the past.

The second option is ideological. If, for any reason, biology does not represent a

major factor in this encounter, then the range of options opens up to a variety of

possible experiences, from the good and wise little guys of Close Encounters of the

Third Kind to the nasty and destructive killing machines of War of the Worlds

(2005) – an almost 30-year itinerary that perhaps is more representative of

Spielberg�s growing pessimism rather than of a more educated reflection on

future encounters. Most likely, both sides will experience variations in the

behavioural categories of adjustment, adaptation, and compromise, all of them

bringing about change on both sides, or, at least, on our side. But to what extent

would ethics be involved in the process?Would the other side be visibly superior to

us from amoral point of view, so that wewould be placed in a real quandary, having

to decidewhether to keep our identity as a race or to lose it by adhering to that of the

newcomers? But then, what ethics are we really talking about?Our or theirs? Allow

me a reference to yet another moving picture, Kevin Costner�sDance with Wolves

(1990).Was Union Army Lt. JohnDunbar betraying his “race,” or was he actually

fulfilling its moral commandments by siding with an alien “race,” the Sioux, that

practiced them at their fullest extent? When we bring in outer space, is there a

chance that we share the same moral commandments by coming from different

sides of the universe?

But if one really wants to know what the study of history has taught us about

preparing for future encounters with entities from outer space, the truth of the

matter is that there is no way humankind can be ready for them – if, and when,

these encounters take place. No weapons can be readied, because we do not know

our enemies. No God can be brought in, because we would not know whether it is

ours or theirs. No production can be implemented, because we do not know what

can be useful. No exchange can be envisaged, because we do not know what is

needed.Whenever the time of encounters came in the past of humankind, neither

side was ready. The antibodies of the Arawaks of the Caribbean were not ready to

identify and neutralize the foreign bacteria and viruses brought in by the Spanish.
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The Spanish were not ready to conquer and manage such a vast land in so little

time. The Algonquins were not ready to trade their beaver skins that they had used

and consequently greased throughout their winters for valuable French glass beads

and metal pots. The French were not ready to bring their trinkets to the New

World and bring back valuable, shiny furs. The Irish were not ready to eat potatoes

nor were Neapolitans ready to use tomatoes for their pizzas. Finally, the Chinese

were not ready to kill themselves by the millions by smoking filthy cigarettes

producedwith Indian tobacco. Yet humankind, in the past, has proved to be able to

survive, through sometimes at great costs, through adjustment, adaptation, and

compromise. We trust that will happen again, when the time comes, although at

what cost, no one is able to foresee.
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1.4 Are we alone? Searching for life
in the universe and its creation
Gerhard Haerendel

1.4.1. Introduction

This contribution is based on a presentation given at the workshop in Genoa,

preceding the conference “Humans inOuter Space”. This presentation endedwith

six conclusions. Theywill now appear as six theses and at the same time as a concise

outline of this paper. The subsequent elaborations will be inadequately short in

view of the vastness of the subject, the uncertainties pervading almost all con-

clusions, and their enormous philosophical consequences. Moreover, a large

portion of subjectivity will adhere to the conclusions and little room will be

devoted to existing controversies.

Six theses:
1. Life is common in the universe.

2. Life elsewhere in the solar system must be microbial.

3. Research on extrasolar planets may eventually reveal the existence of life-

supporting environments.

4. We are physically confined to the solar system.

5. SETI is the only way to find out whether we are not alone in the universe.

6. Sending messages into the galaxy (“active SETI”) may be regarded as a moral

obligation.

1.4.2. The ubiquity of life

The conviction that our planet is not unique in the universe with respect to the

existence of life is founded on two arguments, the almost “immediate” appearance

of life on Earth, after it had cooled down, and the universal availability of carbon,

hydrogen and other light elements, out of which all living organisms on Earth are

composed. This argument pertains to the existence of simple mono-cellular forms

of life. Higher, multi-cellular forms may also be common in the universe, but in

view of the nearly 3 billion years it took for them to develop on Earth, one is
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inclined to postulate the need of long periods of special, stable conditions for their

appearance.

The solar systemwas born 4.6 billion years ago out of amolecular cloud. During

the initial 700 million years, the interior structure of our planet formed by

differentiation, while the surface was essentially a magma ocean, heated from

the inside by the decay of radioactive elements and from the outside by an

enormous impact rate of small bodies, whichwere richly abundant in the early solar

system. The oldest known rocks formed 4.4 billion years ago. The first distinct

traces of microbial life, mineralized bio mats or stromatolites created by photo-

synthesising bacteria, are 3.5 billion years old (Figure 1). However, the isotopic

composition – 12C versus 13C – of carbon globules in metamorphic rocks of

3.8 billion years ago, which were discovered in south-western Greenland, is

strongly indicative of enrichment through life organisms.19 This finding and its

not uncontroversial interpretation as an indicator of life, forms the basis of our

statement of the “almost immediate” appearance of life on Earth.

Carbon is abundant in the sun, planets, dust, other stars and molecular clouds.

Carbon can form stable chain and ringmolecules, which are the components of the

more than 10 million organic molecules known. By comparison, only about

100,000 inorganic molecules are known. Apart from carbon, no other element has

an equivalent molecule-forming ability. This is the essential argument for the

prevailing conviction that life elsewhere must be based on carbon–hydrogen

Fig. 1. The first distinct traces of microbial life, mineralized bio mats or stromatolites created by photo-

synthesising bacteria, are 3.5 billion years old (source: Westall, F. et al. The 3.466 Ga Kitty�s Gap Chert, an
Early Archaean microbial ecosystem. In: Processes on the Early Earth (W.U. Reimold and R. Gibson, Eds.),

Geol. Soc. Amer. Spec Pub. 405 (2006). pp. 105–131).
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compounds and is therefore possible anywhere in the universe where the right

conditions of habitability prevail.

While it seems likely that simple forms of life will spontaneously appear

wherever the conditions of habitability aremet, the timeneeded for the development

ofmulti-cellular life must bemuch longer.OnEarth, the first may have needed only

about 100 million years, while the latter took 3 billion years. Habitability20 includes

the existence of a sufficiently dense atmosphere, water, and average temperatures

within a moderate range that keep water liquid most of the time. In addition, the

planet must enjoy orbital stability and not too extreme seasons or ages. During the 3

billion years of evolution, the existing mono-cellular life severely modified the

environment, the most important change being the enrichment of atmospheric

oxygen and ozone and the depletion of carbon dioxide and methane. In the first

place, it involved photosynthesis, and subsequently the discovery of the advantages

of oxidation versus fermentation of food, of symbiosis, of formation of colonies, of

sexuality and meiosis. Of course, under other initial environmental conditions life

might have taken a different course, but with the (incomplete) knowledge of only

one example, our Earth, we are compelled to postulate the need for a period

comparable to the lifetime of a planet before the symbiosis of mono-cellular

(bacterial) life evolves into complex multi-cellular organisms. From here to the

appearance ofmobility,five senses, brains and intelligence, itmay be a comparatively

short step. On Earth, it took only one-seventh of the total time of the existence of

life. All of this is naturally speculation, not without reason, but it serves our later

estimates of the probability of the existence of life elsewhere.

1.4.3. Searches for life in the solar system

Mars is the most promising planetary body in the solar system for housing extinct

or even, althoughmuch less likely, extent life. The Jovian satellite, Europa, with its

subsurface ocean is another candidate. Mars is located, perhaps marginally, in the

zone of habitability of the solar system. Strong evidence exists that Mars once

possessed a dense atmosphere and abundant water. This evidence comes from the

finding that strong erosion features, such as dried-up river channels and dendritic

valley networks are found on craters more than about 3.5 billion years ago. Why

Mars lost that atmosphere is still not understood and certainly one of the most

intriguing questions about the evolution of our solar system. How much water is

present today in the form of subsurface ice is not well known. It is expected to be

much less than during that initial period. The appearance of new local erosion

features during the time Mars has been under close surveillance is evidence for

episodic water flows, probably caused by local heating events.
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After the discouraging outcome of the visit of Mars by the Viking landers in

1976, it was the discovery of potential traces of mineralized microfossils on the

Marsmeteorite ALH84001 in 1996what revived the interest in in situ research on

the planet. An armada of orbiters and rovers have since then been sent toMars, and

a wealth of new knowledge of the surface and interior conditions has been created.

However, as yet no compelling evidence for traces of life has been found. To a large

extent this may be a matter of the analysis methods employed and of their

sensitivity. AlthoughMars presents itself with a rather hostile environment, there

is nothing known that would preclude the appearance of life, at least within thefirst

few hundred million years. However, our arguments above about the long time

needed for the evolution ofmore complex forms of life strongly suggest that, if at all

existent, life on Mars must have been microbial.

Great expectations are now placed on the ExoMars mission of the European

Space Agency, which is scheduled to be launched in 2013. The key element will be

the Pasteur rover, which will carry a set of very sophisticated instruments to search

for signatures of life, both at the chemical and structural level. The Pasteur

exobiology package will be complemented by a set of geophysical and environ-

mental experiments.

The perhaps most important analytical instrument is the Urey experiment,

composed of two parts, the Mars Organics Detector and the Mars Oxidant

Instrument.21 The first will extract, purify and then analyze by electrophoresis

organic compounds, such as amino acids and nucleobases, with a sensitivity

exceeding that of the Viking instruments by a factor of 10,000. Figure 2 shows an

Fig. 2. Composition and chirality of amino acids by the capillary electrophoresis unit of the Urey instrument

(source: Bada, Jeffrey L. et al. Mars Organic and Oxidant Detector Searching for Signs of Life on Mars ESA

Pasteur/ExoMars Mission. Solar System Exploration. 2007. http://astrobiology.berkeley.edu/projects.htm).
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analysis example of the composition and chirality of amino acids by the capillary

electrophoresis unit of theUrey instrument. TheMarsOxidant Instrument will be

used to determine the oxidative characteristics of the samples in order to under-

stand the role of oxidation reactions on the survival of organic compounds in the

Martian regolith. It is thought that such reactions were responsible for the lack of

any evidence for the existence of life organisms in the Viking experiments.

Of the various physical instruments for structural analysis on the macroscopic

and microscopic level, I would like to mention the Microscope,22 which will be

able to detect themorphology ofmineralizedmicrobial material at grain-size level.

Figure 3 gives an idea of the degradation of the original bacterial structure in the

mineralization process and of the detection problems. Spectroscopic devices will

assist the analysis of the involved degraded organic macromolecules.

1.4.4. Extrasolar planets

More than 250 extrasolar planets have been identified thus far, and all are located

within a range of 800 million light years. Almost all of them are gaseous and of

Jupiter size. Life-bearing planets must have solid surfaces, stable orbits and reside

in the zone of habitability.23 None of the planets discovered up to now fulfil all of

these conditions. Their orbits are overwhelmingly eccentric, implying extreme

climatic variations. The detection methods available to date favour high masses

and orbits close to the central star. Therefore, it is no surprise that no candidates for

housing life have yet been identified. Figure 4 contains masses and distances of the

Fig. 3. Outer cell envelope of an experimentally mineralized bacterium. Degraded organic matter is trapped

in the mineral matrix. The bar is 0.5mm long (source: Westall, F., Boni, L., and Guerzoni, M.E. “The
experimental silicification of microbes”. Palaeontology 38 (1995): 495–528).
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known exoplanets and also the limitations of the various detection methods.24

Among the four indirect methods there is none capable of discovering Earth-like

planets within the zone of habitability, i.e. at distances of roughly one astronomical

unit from the centre of a sun-like star.

The art of finding extrasolar planets is still in its infancy. The enormous interest

in the question of whether life exists elsewhere in the universe will drive the

development of techniques that will eventually enable not only the discovery of

Earth-like planets at habitable distances from the star, but also allow a rough

spectroscopic analysis of their atmospheric composition. However, this requires

great technological advancement andhuge expenditures.One promising technique

is the “nulling interferometry”. Figure 5 shows an artist�s impression of the set up.

The IR light received by several satellites will be collected on the focal plane of a

central spacecraft andmade to interfere (by phase shifts) in a destructivemanner, so

that the light of the central star is blocked out and that of the small planet in its

neighbourhood, at one-millionth of the intensity, can be separated out. When the

Fig. 4. Exoplates and detection matters (source: http://en.wikipedia.org/wiki/Extrasolar_planet).
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sensitivity of this yet unprovenmethodwill have become sufficiently high, onemay

succeed in finding the spectral signatures of key atmospheric constituents such as

ozone and water. Figure 6 shows a comparison of the IR spectra of Venus, Earth,

and Mars.25 Besides CO2, which is present in all three atmospheres, only that of

Earth contains the absorption bands of ozone and water vapour.

With all the new insights to be eventually gained with the availability of such

advanced detection methods, one can hardly hope to discover direct signatures of

life. Only evidence for habitability and indirect signatures of a life-supporting

environmentmay be found.However thismay turn out to be invaluable for guiding

searches for life by Search for Extra-Terrestrial Intelligence (SETI) activities, as

will be discussed below.

1.4.5. Confinement to the solar system

Science fiction has spoiled the conception of the public about the borderlines of the

physically possible and the impossible. It is a sobering exercise to calculate the

energy demands of a space mission covering stellar distances within the lifetime of

a human being. As an example, we chose a one-way trip to our nearest neighbour

Alpha Centaury, with a travel time of 40 years. In order to cover the distance of

4 light years within this time, one needs to travel at an average speed of 10% of the

Fig. 5. Artist�s impression of �nulling interferometry� (source: Darwin, looking for Earth-like planets. ESA

Science and Technology. http://darwin.esa.int/science-e/www/object/index.cfm?fobjectid¼32587, 2008.).
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speed of light. The special theory of relativity tells us that to accelerate a space ship

of, say, 1000 tons, one needs energy of 4.5�1020 J. This is equivalent to the total

present annual energy consumption of the world. If one wanted to supply this

amount of energy in the most concentrated way presently available, namely as

nuclear fission fuel, one would need 7000 tons of it.26 Adding the mass of the

nuclear reactor, of the engine and everything else, one would have to apply a large

factor for the total mass. Although, in principle, the laws of nature do not rule out

such an endeavour, it is practically impossible.

This short mental exercise gives us a sad insight, namely that humankind will

forever be confined to the solar system. Although such speculations exist, it is

hardly conceivable that other civilizations, if there are any, would have muchmore

Fig. 6. Comparison of the IR spectra of Venus, Earth, andMars (source: Angel, Roger P. andWoolf, Neville.

J. “Searching for Life in Other Planets”. Scientific American Apr. 1996: 46–52).
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powerful resources at their disposal and have such a long life expectancy than

human beings as to enable them to cross stellar distances at significantly lower

speeds with the corresponding much lower energy requirements. As a conse-

quence, one must conclude that highly developed complex living organisms must

be lonely, although not necessarily alone, in the universe, trapped in their

respective solar systems. The same may not hold, though, at the molecular level.

Organic molecules, which are richly abundant for instance in molecular clouds,

may live very long and travel large distances on tiny dust grains. Whether one can

derive from that a general panspermia theory for the origin of life remains,

however, questionable. It is understandable that the growing realization of the

confinement of humankind to our solar system nourishes the wish to explore and

conquer the accessible bodies to the maximum feasible and reasonable extent.

1.4.6. Communication with other civilizations

One of the greatest goals of solar system research is the search for life. We may

actually succeed and one day find forms of life similar to ours or even very different

ones, onMars or other bodies in the solar system. This would undoubtedly greatly

widen our insights into the nature and origin of life in general. However, wemight

forever be without concrete knowledge of life outside our solar system, unless we

succeeded in communicating with other civilizations. The subject of interstellar

communication consists of three critical elements, the existence or non-existence

of other civilizations, the possible range of communication with electromagnetic

waves, and the willingness to communicate. The first problem can only be solved

once we have received an intelligent signal from another celestial body. The second

element, the communication technology, is already well advanced on Earth. We

can already now send messages over distances in the order of 1000 light years that

other civilizations, on equal or more advanced level of development, could easily

receive. A significant extension of this scope for communication may be realisti-

cally expected as our technologies advance. Themain problem is the last point, the

willingness to truly engage oneself in an attempt to send messages. And this

problem does not only exist for our civilization.

Let us first look into the second issue, which is entirely technical. The most

promising way of sending interstellar messages is by radio waves in the spectral

bandwidth between 2 and 30 cmwavelength. This radio window is limited, on one

side, by galactic noise and, on the other, by atmospheric absorption. It is the band

in which most of the SETI activities are undertaken. Inside this band lies the

famous 21 cm hydrogen line, which offers one of the most powerful tools for

investigating the distribution of interstellar gas in the galaxy. The astronomical
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prominence of this line and the low absorption within the surrounding radio band

will also be noticed by other civilizations. Like us they are likely to choose

neighbouring frequencies when sending interstellar messages. An impressive

amount of SETI activities have been undertaken since Project Ozma in 1958

using various radio antennas and strategies, also involving radio amateurs all over

the world in analyzing the signals received. However, no effort has yet been made

to continuously and systematically search the whole sky. Only certain promising

stellar objects have been selected for pointing the telescopes. Progress in identify-

ing Earth-like exoplanets will eventually provide a powerful means of guiding the

search.

In order to get an idea of the effort needed for a full approach, let us look at the

example of a radio dish of 200m diameter with a transmitted power of 1MW. If

one chooses a narrow bandwidth of the order of 1Hz, the signal-to-noise ratio at a

distance of about 2000 light years will be sufficient for its detection by an equally

large telescope. There are, however, two problems. The motion of the Earth, its

rotation as well as its revolution around the sun, will Doppler shift the received

frequency from any fixed direction. To cope with this phenomenon radio receivers

with millions of narrow-band channels have been developed which permit one to

continuously tune the received frequency so as to counteract the Doppler shift.

The other problem arises from the narrow angular width of a beam at several

centimeter wavelength transmitted by a 200-m telescope. It has the size of only

6% of the lunar disk. Two million pointings would be necessary to cover the

whole accessible sky. Other civilizations would have the same problem when

sending messages. They may not point towards Earth every day. Thus, there is an

additional timing problem. This exercise shows clearly the size of the complete

SETI effort. Feasibility in principle does not lead to immediate realization in spite

of the enormous philosophical relevance of the issue.

Themainhindrance to interstellar communication arises from its lowprobability

of success. This is best demonstrated by an evaluation of theDrake equation, which

is a simple estimate of the probability ofNEarth-like planets existing in our galaxy

and housing a civilization capable of sending interstellar messages.27 Actually,N is

composed of a product of various probabilities defined below. For simplicity, I have

attached my personal evaluations to the definitions of these probabilities.

N ¼ Ns=Ls � fp � ne � f l � f i � fc � L

where Ns is the no of sun-like stars in the galaxy¼ 4�109; Ls is lifetime of a sun-

like star¼ 1010 years; fp is fraction of stars with planets¼ 1; ne is no of (habitable)

Earth-like planets¼ 0.01; fl is fraction with life developing¼ 1; fi is fraction with

intelligence developing¼ 0.5–0.01; fc is fraction with communicating ability¼ 1;

L is the lifetime of such a civilization¼ 103–105 years.
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The concrete numerical values of my personal estimates are certainly debatable.

They are only meant to underline the extent of our lack of knowledge. Other

authors have arrived at more optimistic or more pessimistic estimates.28 The first

three numbers may not be far from reality, if one takes an appropriate definition of

“sun-like”. Sincewe have no observations yet ofEarth-like exoplanets,my estimate

for ne is rather cautious. Further progress in astronomical research will yield

somewhat more secure estimates. ne may even increase. It has been argued above

that the appearance of life is highly likely for a planet located in the habitable zone.

Hence, I have used a probability of 1, i.e. 100%, which may be a bit optimistic.

However, the development of complex forms of life may take a large fraction of the

lifetime of the planet, but if they exist, the step towards the appearance of

intelligence may be short, only a few 100 million years. The combined probability

is very difficult to assess. Having no other information, we may consider the path

life has taken on Earth either as typical or as unlikely. The range of numbers given

above is meant to cover these two extremes. The greatest uncertainty, however, is

related to the lifetime of a civilization with interstellar communication ability. Our

only known example has existed for only about 50 years.While the greatest risks to

the long-term existence of our society probably come from inside, there are also

external dangers, like mass extinctions. Most likely they will not wipe out life

completely, but for some time interrupt the command of high technology and

resources for interstellar communication. Even the lower limit for the lifetime, L,

given above, may be judged by some as being too optimistic. The upper limit

certainly is.

The outcome of the above estimates is a number, N, ranging between 200 and

0.04 of such civilizations in our galaxy. The latter number means that their

existence is highly unlikely, but not excluded,while thefirst number gives hope that

within the present range of communication ability we may find one or two such

civilizations overlapping with our existence. This is clearly not very encouraging.

Our last topic is a mainly cultural and perhaps a moral issue. Does it make sense

to make the investments in a proper installation for passive as well as active SETI,

when even in the case of a successful detection of intelligent signals, communica-

tion would involve almost forbiddingly long time spans, likemany hundreds, if not

even a few thousands of years? Nonetheless, it is logical not to expect to receive any

message from another civilization, if we do not send messages ourselves, because

what hinders us is likely to hinder others as well. These may be economical or

protective considerations. Indeed, many authors have expressed fear of interstellar

attacks if knowledge of our existence were to spread in our galaxy.29 However, the

considerations in the preceding section should suffice to completely exclude the

existence of such dangers. The answer to the famous question of Enrico Fermi

“Where are they?” is simply that wherever they are, they cannot physically get here.
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Arguments against investments in a full-fledged SETI activity would then

mainly be of economical nature, the costs being regarded as too high in view of the

low likelihood of success. On the other hand, the enormous philosophical

relevance of the question of whether we are or are not alone in the universe is

a strong argument. In the long run we cannot be satisfied by just evaluating the

Drake equation over the long term. Therefore, I regard it as a moral obligation of

humankind to work out a good cost-efficient strategy for continuously searching

for signals and sending messages, for the realization and maintenance of such

activities, which are to be adapted to the progress in science and technology for the

next millenniums. The costs are likely to be much lower than those for human

exploration of the solar system.

1.4.7. Summary

This article began with six theses about life in the universe. Starting out from

insights deduced from the history of life on Earth, I concluded that life must be

universal and readily appear wherever the conditions of habitability are met.

Although life elsewhere in our solar system can be only microbial, if at all existent,

complex forms of life and even intelligent communities may exist within our

present and, even more so, in our future range of communication. This commu-

nication can, however, only involve the exchange of information, not physical

contacts. From these arguments, which are admittedly based on my personal

evaluation of present days knowledge and highly laden with uncertainties, I have

derived two further conclusions: Realizing that humankind will forever be

confined to the solar system provides perhaps the best justification for its desire

to visit and explore to the maximum feasible extent the bodies accessible therein.

Even remote chances of ever receiving intelligent signals from other civilizations

within our galaxy justify the necessary investments and running costs of a long-

lasting effort of systematically searching for signals and transmitting messages,

simply because of the outstanding philosophical and religious importance of the

question of whether we are alone or not alone in the universe.
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1.5 What�s the story, mother? Some
thoughts on Science Fiction Film
and Space Travel
Thomas Ballhausen

“take all your reasons and take them away

to the middle of nowhere, and on your way home

throw from your window your record collection

they all run together and never make sense

but that�s how we like it, and that�s all we want
something to cry for, and something to hunt”

The National: Looking For Astronauts

“and I�m floating in a most peculiar way

and the stars look very different today [ . . . ]

and I think my spaceship knows which way to go

tell me wife I love her very much she knows”

David Bowie: Space Oddity

Within our archives preserve not only evidence of the past, but also materialized

imaginations of the future are preserved there. When dealing with film as a

medium, the complex, multi-layered relations between imagined, and therefore

also projected times, – past, present, future – can be traced. The genres of the

fantastic film, in particular the genre of Science Fiction, reflects the present while

dealing with the future. So-called deviant genres and subgenres – think SF,

Horror or even Porn – have always portrayed social fears and hopes and have also

reflected and influenced real technical development. Therefore, Science Fiction

film can also be understood as a rethinking of human space travel, opening

something like a metaphorical double-space between real and framed space.

1.5.1. Tales about the future

Film as a medium and cinema as a structure occur as a time-machine, working in

two ways: showing us the past, as well as the possible future. Here, the wonder of
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cinematography serves as a producer of images, as an option for the concrete

development of ideas – and also as a mass-appealing agent for the propagation of

the ideas mentioned above. Film as the visual key medium of the 20th century is

distinctly affected by a desire to innovate and an enthusiasm for (further) technical

advancement. Above all, the genre of the fantastic film proves to not only have a

great potential for entertainment, but also to be a visionary “impulse generator” for

factual and notional technical and social developments. These developments are

portrayed alternatively as positive and affirmative or as dystopic and cautionary.

Thus, many classical issues of modernity can be detected in fantastic film, which,

after all, did not diversify further into corresponding subgenres before the 1930s

and 1940s of the last century. Among the issues discussed are questions of science,

research and technology, as well as those of urbanity, artificiality and the gain or

loss of control.

The idea of travelling as it has presented itself to us in literature and philosophy

since the late enlightenment, can provide conceptual parenthesis here. The

repercussions of the explorative-expansionary phase of early modern history are

still clearly perceptible. Its visually powerful feedback has taken hold of European

worlds of imagination. Little does it surprise that these imaginations often grow

into nightmarish phantasmata. Consequently, topical overlapping of the exotic,

the erotic and the strangely disconcerting in philosophical and fantastic travelo-

gues is apparent even in films produced much later. However, in subsequent

cinematic (ad)ventures the search for alien life is superseded by the search for

intelligent extraterrestrial life (here we benevolently assume that the third rock from

the sun can be considered as being inhabited by intelligent life-forms). At this

point, another aspect of the genre becomes evident: especially films reporting of a

fixed point in time that we have, in fact, already lived through, allow for a kind of

critical comparison, which not only manifests itself in the utopian ideas of a

particular filmic example, but also provides information about the date of origin of

that example. From this angle, film once more proves to be a multi-dimensional

source for a variety of historical and social questions. A look into the archive can

therefore open our eyes to current trends and ongoing changes; it is a potential

future which is shelved in our depots, and which demands a discriminative gaze –

perhaps even an anamorphic perspective – in order to become visible to us.

1.5.2. Historical developments

Film, in particular the genre of the fantastic film, has to be understood as a lively

texture consisting of imagination, critique and entertainment. Nevertheless, the
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moment of crisis, which has proven to be highly influencal on film history and the

different genres, must not be underestimated. Every shock produced a bunch of

films linked to the specific event – for Science Fiction and the depiction of humans

in space this is valid fromWorldWar I to Vietnam, to the Sputnik-shock to 9/11.

Science Fiction has always reflected – and continues to reflect – political, social and

technical developments, and last but not leastmankind�s actual space programmes.

Especially World War I and the aerotechnical developments, for instance the

establishment of something like an air-force, in the years before the actual conflict

shaped the form and topics of the phantastic film at the time. While the Brothers

Lumi�ere established cinema in 1895 as a form of documentary-based entertain-

ment/edutainment to which we still commit, their counterpart George M�eli�es, a

former illusionist, had completely different plans. The Lumi�ere-clip L�ARRIVE

D�UN TRAIN À LA CIOTAT (1895) depicted the arrival of a train in a French station,

giving the audience the shock of both modernity and steampunk. Two pivotal

themes converge in this legendary film: First, we find the idea of journeying, which

is closely linked to both the dynamics of movement and the frightening origins of

cinematography itself. Second – and in no way less terrifying – the clip already

embodies the idea of the fantastic. In hisfilmVOYAGEDANS LALUNE (1902)M�eli�es

took this even further: from the platform of the train station to the launch pad of

the first cinematic trip to the Moon. In doing so, he not only expanded the

narrative limits of the medium film itself, but laid the foundations for the filmic

subgenre of Science Fiction – and the narrative use of SFX. As he wrote in 1907:

“The substitution trick, called the stop-motion trick, had been discovered and, two

days later, I produced the first metamorphoses of men into women and the first

sudden disappearances which at first had such great success. [ . . . ] One trick led to

another. Even before this new type was successful, I usedmy ingenuity to find new

techniques and I conceived in turn of the fade obtained by a special device in the

photographic camera), appearances, disappearances, metamorphoses obtained by

superimpositions on black grounds or on sections set aside in the sets; then came

superimpositions on white grounds that had already been exposed (something

everyone declared to be impossible before they saw it) realized with the help of a

strategem I cannot discuss because imitators have not yet entirely discovered its

secret. Then came the trick with cut-off heads, the doubling of characters, of

scenes performed by a single character, who through doubling ends by portraying

all by himself up to ten similar characters performing a comedy with each other.

Finally, usingmy special knowledge of illusions acquired through twenty-five years

of practice at the Th�eâtre Robert-Houdin, I introduced mechanical, optical, and

prestidigitation tricks, etc., to the cinematograph. With all these methods

combined and competently used, I do not hesitate to say that in cinematography

it is today possible to realize the most impossible and improbable things.”30
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M�eli�es utilizes the typology of modes of the fantastic described by him above,

a mixture of elements from the mostly non-narrative cinema of attractions and

the theatre-like parts of story-telling of his times to put the relation between

technical development – like space travel – and film as a reflective medium on

parallel tracks. The parallel lives of more than 100 years of film and 50 years

of space travel led to a strange bond of alternating influence between the two

fields. For this paper a selection of 90 film examples, all dealing with human space

travel, have been chosen to illustrate the continuities and changes within the

history of the genre as well as the history of the before-mentioned relation. Prior to

actual space travel, film not only depicted the future, but also reflected the different

positions on aviation and coined further developments in this area. As illustrated in

the figures of this paper (Figures 7 and 8), films in pre-space travel times mainly

depictedmostly destinationswithin our solar system or atmost destinationswithin

the reach of astronomy. Not until the advent of real space travel and the difficult

political and cultural climate of the 1950s and 1960s did these subjects almost

vanish, returning a decade later with the depiction of invented or unreachable

destinations. With the later renewing of manned space travel, planets and stars

closer to Earth once again became of interest. This “return” to our solar system also

meant, as will be discussed later, the comeback of the (troubled) individual in

Science Fiction.

After M�eli�es it was mainly German utopian films, for instance METROPOLIS

(1925/1927) or FRAU IM MOND (1928/1929), and some Russian films, like

AELITA (1924), which set new standards for the genre – and for depiction of

space travel in general. Beginning with the British production THINGS TO COME

(1936) the rethinking of the struggle between ideals of humanity and concepts of

Fig. 7. Average distance of filmic destinations during a decade (source: Thomas Ballhausen).
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technology gained importance again. The essential theme of this British example,

namely the subject of hybris, can also be found in the U.S.-American Science

Fiction film.Apart from religious aspects, which clearly shaped the early examples,

free will and the power to use the given technology were the main issues here until

the end of World War II. Especially the so-called serials like FLASH GORDON

(1936ff.) and BUCK ROGERS (1939ff.) focused on the type of the almost manic go-

getter, who rebuilds the universe according toU.S.-American ideals.These aspects

can also be found in the space operas of the 1950s, which not only reflect the

horrors of war in general, but also particularly those of the ColdWar. The real race

for space started 1957 with the so-called Sputnik shock, and was carried out

simultaneously on cinema screens, where the quality of the movies shown reached

new heights: “The 1950s marks a turning point in the history of the science fiction

film genre. This is a period that is commonly referred to as the �golden age� of
science fiction film, partly due to the unprecedented number of feature films

produced and partly due to a group of highly influential, American-made �classics�
released over the course of the decade. [ . . . ]”.31 These movies often picked

postapocalyptic scenarios as their central theme, depicted the political enemy as the

invading alien and reflected (intentionally or not) the fear of a possible nuclear war.

Even under the before-mentioned circumstances, the genre of science fiction film

still managed to flourish – as did the horror film genre. Both genres dealt with

similar issues, but mostly neglecting their full potential, they often focused on

matters of the protagonist�s moral superiority or the unquestioned use of military

power. This tendency – non-reflective fantastic film and the focus on a narrow

range of topics – diminished with the beginning of the NewHollywood era in the

early 1970s. Mankind then returned to the stars.

Fig. 8. Filmic destinations 1902–2007 (source: Thomas Ballhausen).
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1.5.3. Recent examples

M�eli�es� astronauts inVOYAGEDANS LA LUNE fall asleep shortly after they arrive on the

moon.Thismakesusthinkaboutwhereandespeciallywhenwefallasleep,andinwhich

future we might awake. If for example, one wakes up in 1979, humans already travel

through cinema-space like truckers. Ridley Scott�s ALIEN (1979) not only liberated

the depiction of space travel from the camp-aesthetics of the 1950s, but also set it free

fromthepolitical backgroundof theColdWarera and itsnarrative imperatives.When

theCaptain of starshipNOSTROMO – nomen est omen – asks the computer in the

beginningof thefilm:“What�s thestory,mother?”,wemayanswer: “Thestory inSF,as

mentioned before, is everything that�s the case.”Moreover, ALIEN, though being a

more or less classical and non-science-oriented SF-movie, boosted the potential to

rethink the value of its genre. The cinematic depiction of space travel became more

andmore realistic and intertwined with the development of (human) space travel and

the destinations within its reach. This trend persists, as can be seen distinctly

in contemporary examples, and can only in part be ascribed to SFX and VFX.While

2010: SPACEODYSSEY (1983), the sequel to Kubrick�s classic 2001: A SPACE

ODYSSEY (1968), tells of a journey to Io, one of Jupiter�s moons, in attempt to find

proof for extraterrestial intelligence, the film RED PLANET (2000) heads into

another direction. Located in 2050 on an overpopulatedEarth, amission toMars sets

out to save a terraforming-programme previously launched there. The opening

sequence of the movie presents an orbital view on our blue planet and is combined

withamonologue,whichnotonly sets themoodfor thefilm,butalsoclearly reflects the

positive mainstream arguments and utopian visions for manned space travel toMars:

“By the year 2000, we�d overpopulated, polluted and poisoned our planet faster than
we could clean it up.We ignored the problem for as long aswe could butwere kidding

ourselves. By 2025, we knew wewere in trouble and began to desperately search for a

new home: Mars. For the last 20 years, we�ve sent unmanned probes with algae

bioengineered togrowthere andproduceoxygen.We�ll buildourselves anatmosphere

wecanbreathe.Andfor20yearsitseemedtowork.Itlookedlikewe�dpulleditoff.Then
all of a sudden, oxygen levels started to drop.We don�t know why. The international

communityhas thrownall its resourcesbehindus.It�s thegreatestundertakingmanhas

ever attempted. Our ship, Mars-1, is too massive to launch from the surface of the

planet.We�ve shuttled to thehigh-orbit space station for a low-gravity launch tobegin
our six month trip: The first manned mission to Mars. The hope and survival of

mankindrestsonus. [ . . . ]We�re thefirst travellers toanotherplanet. It�sanothergiant
leap formankindand ifwedon�tfindoutwhat�swrongonMars, it couldbeour last.”32

Another crew, this one consisting of the protagonists of SUNSHINE (2007), and

their spaceship Icarus II, are backed up by all nations of Earth. The ship is carrying

an enormous payload: a bomb the size of Manhatten, with which they intend
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to reanimate the dying sun. Again, a manned mission seems to be the only way to

save mankind. However, this movie avoids all stereotypes of the genre: “In Danny

Boyle�sSunshinewedonot seepeoplegathering inbars towatchnewcasts fromParis

or London and cheering on the heroic astronauts of Icarus II on their mission to

revive the sun. When at last we get a glimpse of Earth, stuck in near-permanent

winter, it�s a rather unapocalyptic Christmas-card landscape with kids making

snowmen. No one whoops it up at mission control, and for all we know the only

person who realises themission has succeeded in �saving themankind and so on� is
the sister of the ship�s chief physicistCapa, who receives a videomessage fromhim.

By eliminating the disaster-movie convention of giving doomsday an on-screen

audience, as in the generically similar Armageddon (1998) and The Day after

Tomorrow (2004), Sunshine removes the sickly screen-traversing sense of camard-

erie in the faceof catastrophe that– alongwith the spectacle of citiesbeingdestroyed

– forms a part of those films� appeal.”33 Besides looking at dimensions of size, for

example the spatial relation between the ship and the solar system or the crew�s
quarters and the sizeof thebomb, etc., SUNSHINE is farmore realistic indepicting the

dangers andunavoidable sacrifices of human space travel.Withfilms like SUNSHINE

or THE FOUNTAIN (2006) the journey to the stars, to destinations relatively close to

Earthordistantplanets likewise,hasbeenturningmoreandmore intoanexpedition

into thedepthsof the travelling individuals, amovement towards the “I”.To rethink

and reformulate Darko Suvin�s definition of Science Fiction literature: these new

ScienceFictionfilms about cinematic space travelwhose destinations are, in fact, of

interest for actual space travel, are part of a genre of cognitive entrangement, which

forces the audience to look at a partly defamiliarised reality, thus encouraging it to

contemplate upon the known world from a more distanced perspective.34

So, what are we going to find in outer space? According to recent examples we

will, presumably find ourselves, besides all wonders. Throughout film history the

subject of human space travel has always been an integral part of science fiction�s
narrative conventions. Albeit being highly influenced by concomitant political,

cultural and technological circumstances, the genre has also invariably been an

expression of these conditions andwill continue to be, even in the case of amajority

of fantastic films temporarily dealing with subjects other than space travel itself, in

response to actual political situations.

1.5.4. Appendix: list of evaluated film examples

1� LE VOYAGE DANS LA LUNE (FR 1902), Dir.: Georges M�eli�es
2� LE VOYAGE SUR JUPITER – UN EXCURSION CHEZ JUPITER (FR/ES 1909), Dir.:

Segunde de Chomón
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3� HIMMELSKIBET – THE SHIPS OF HEAVEN (DK 1918), Dir.: Holger Madsen

4� HELLO MARS (USA 1923), Dir.: Alfred J. Goulding

5� AELITA (UDSSR 1924), Dir.: Iakov Protasanoff

6� FRAU IM MOND (DE 1928/1929), Dir.: Fritz Lang

7� DESTINATION MOON (USA 1950), Dir.: Irving Pichel

8� FLIGHT TO MARS (USA 1951), Dir.: Leslie Selander

9� WHEN WORLDS COLLIDE (USA 1951), Dir.: Rudolph Mat�es

10� RED PLANET MARS (USA 1952), Dir.: Harry Horner

11� ABBOTT UND COSTELLO GO TO MARS (USA 1953), Dir.: Charles Lamont

12� SPACEWAYS (GB 1953), Dir.: Terence Fisher

13� RIDERS TO THE STARS (USA 1954), Dir.: Richard Carlson

14� CONQUEST OF SPACE (USA 1955), Dir.: Byron Haskin

15� FORBIDDEN PLANET (USA 1955), Dir.: Fred McLeod Wilcox

16� MESSLE TO THE MOON (USA 1958), Dir.: Richard E. Cunham

17� NEBO ZOVYOT (UDSSR 1959), Dir.: Alexander Kosyr, Michail Karjukow

18� DER SCHWEIGENDE STERN (PL/DDR 1959/1960), Dir.: Kurt Maetzig

19� THE ANGRY RED PLANET (USA 1959/1960), Dir.: Ib Melchior

20� 12 TO THE MOON (USA 1960), Dir.: David Bradley

21� UCHU DAI SENSO – BATTLE IN OUTER SPACE (JP 1960), Dir.: Inoshirô Honda

22� THE PHANTOM PLANET (USA 1961), Dir.: William Marshall

23� PLANETA BUR (UDSSR 1961), Dir.: Pawel Kluschanzew

24� YOSEI GORATH (JP 1962), Dir.: Inoshirô Honda

25� IKIARIE XB1 – IKARIE XB1 (CZ 1963), Dir.: Jindrich Pol�ak

26� ROBINSON CRUSOE ON MARS (USA 1964), Dir.: Byron Haskin

27� FIRST MEN IN THE MOON (GB 1963/64), Dir.: Nathan H. Juran

28� 2071 – MUTAN – BESTIEN GEGEN ROBOTER – THE TIME TRAVELLERS (USA

1964), Dir.: Ib Melchior

29� IL PIANETA ERRANTE (IT 1966), Dir.: Antonio Margheriti

30� TERRORE NELLO SPAZIO (IT/ES 1965), Dir.: Mario Bava

31� SS-X-7 (USA 1965), Dir.: Hugo Grimaldi

32� COUNTDOWN: START ZUM MOND (USA 1966), Dir.: Robert Altman

33� WAY . . .WAY OUT (USA 1966), Dir.: Gordon Douglas

34� PERRY RHODAN (IT/BRD/ES 1966/1967), Dir.: Primo Zeglio

35� ROCKET TO THE MOON (GB 1967), Dir.: Don Sharp

36� TUM ANOST ANDROMEDY (UDSSR 1967), Dir.: Yevgeni Sherstobitov

37� BARBARELLA (FR/IT 1968), Dir.: Roger Vadim

38� VOYAGE TO THE PLANET OF PREHISTORIC WOMEN (USA 1968), Dir.: Peter

Bogdanovich

39� 2001 – A SPACE ODYSSEY (GB/USA 1968), Dir.: Stanley Kubrick

40� MAROONED (USA 1969), Dir.: John Sturges

41� TO THE FAR SIDE OF THE SUN (GB 1969), Dir.: Robert Parrish

42� SIGNALE –EINWELTRAUMABENTEUER (SIGNALY-MMLX) (DDR/PL1969/197),

Dir.: Gottfried Kolditz

43� HORROR OF THE BLOOD MONSTERS (USA 1970), Dir.: Al Adamson

44� SILENT RUNNING (USA 1971), Dir.: Douglas Trumbull

45� ELOMEA (DDR 1971/1972), Dir.: Herrmann Zschoche

46� SOLYARIA (UDSSR 1972), Dir.: Andrei Tarkovsky

47� UKROSHENIYE OGNYA (UDSSR 1972), Dir.: Danil Kurabrovitsky

48� MOSKWA-KASSIOPEIJA (UDSSR 1973), Dir.: Richard Wiktorow

49� DARK STAR (USA 1974), Dir.: John Carpenter

50� THE DOOMSDAY MACHINE (USA 1974), Dir.: Lee Sholem

51� STOWAWAY TO THE MOON (USA 1974), Dir.: Andrew V. McLagen
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52� DIE PHANTASTISCHE WELT DES MATHEW MADSEN (BRD 1974), Dir.: Helmut

Herbst

53� BLACK SUN (GB/IT 1976), Dir:: Lee H. Katzin, Ray Austin

54� OPERATION GANYMED (BRD 1977), Dir.: Rainer Erler

55� TEST PILOTA PIRXA (PL/UDSSR 1978), Dir.: Marek Piestrak

56� ALIEN (GB/USA 1979), Dir.: Ridley Scott

57� THE MARTIAN CHRONICLES (GB/USA/BRD 1980), Dir.: Michael Anderson

58� PETLJA ORION-PHAETON AN ERDE (UDSSR 1980), Dir.: Wassili Lewin

59� GALAXY OF TERROR (USA 1980), Dir.: Bruce Clark

60� TAYNA TRETEY PLANETY (UDSSR 1981/1982), Dir.: R. Kacioanov

61� FORBIDDEN WORLD (USA 1982); Dir.: Allan Holzman

62� THE RIGHT STUFF (USA 1983), Dir.: Philip Kaufman

63� SPACEHUNTER: ADVENTURES IN THE FORBIDDEN ZONE (USA 1983), Dir.:

Lamont Johnson

64� EXPLORERS (USA 1984), Dir.: Joe Dante

65� SAYÔNARA SIYÛPETÂ (JP 1984), Dir.: Koji Hashimoto, Sakyo Komatsu

66� WOSWRASCHTSCHENIJE S ORBITY (UDSSR 1984), Dir.: Alexander Surin

67� ALIENS (USA 1985), Dir.: James Cameron

68� CREATURES (USA 1985), Dir.: William Malone

69� GA, GA – CHAWALA BOHATEROM (PL 1986), Dir.: Piotr Szulkin

70� ÔRITSUUCHÛGUNONEMAISONOTSUBASA – THEWINGSOFHONNEAMISE

(JP 1987), Dir.: Hiroyki Yamaga

71� EARTH STAR VOYAGER (USA 1988), Dir.: James Goldstone

72� SOLAR CRISIS (JP/USA 1990), Dir.: Richard C. Sarafian

73� STAR VOYAGER (USA 1994), Dir.: Rick Jacobson

74� APOLLO13 (USA 1995), Dir.: Ron Howard

75� THE COLD EQUATIONS – EMERGENCY IN SPACE (CA 1997), Dir.: Peter Geiger

76� FALLING FIRE (CA 1997), Dir.: Daniel D�Or

77� ROCKETMAN-SPACEMAN (USA 1997), Dir.: Stuart Gillard

78� STARSHIP TROOPERS (USA 1997), Dir.: Paul Verhoeven

79� CONTACT (USA 1997), Dir.: Robert Zemeckis

80� ARMAGEDDON (USA 1998), Dir.: Michael Bay

81� LOST IN SPACE (USA 1998), Dir.: Stephen Hopkins

82� GALAXY QUEST (USA 1999), Dir.: Dean Parisot

83� PITCH BLACK (AUS/USA 1999), Dir.: David N. Twohy

84� MISSION TO MARS (USA 2000), Dir.: Brian DePalma

85� RED PLANET (USA/AUS 2000), Dir.: Anthony Hoffman

86� SPACE COWBOYS (USA 2000), Dir.: Clint Eastwood

87� SOLARIS (USA 2002), Dir.: Steven Soderbergh

88� STRANDED: NÓ UFRAGOS (ES 2002), Dir.: M�aria Lidón

89� PER ANHALTER DURCH DIE GALAXIS (USA/GB 2005), Dir.: Garth Jennings

90� SUNSHINE (GB 2007), Dir.: Danny Boyle

30Georges M�eli�es: Trick Effects. In: The Science Fiction Film Reader. Edited by Gregg Rockman.

New York: Limelight Editions, 2004. pp. 2–4, p. 2ff.
31 Christine Cornea: Science Fiction Cinema. Between Fantasy and Reality. New Brunswick, NJ:

Rutgers University Press, 2007. p. 30.
32 RED PLANET (2000), DVD-edition Warner Bros. 2001, Timecode 00:00:30-00:03:11.
33Henry K. Miller: Sunshine. In: Sight & Sound Iss. 4 (Vol. 17) 2007. pp. 81–82.
34 Cf. Christine Cornea: Science Fiction Cinema. Between Fantasy and Reality. New Brunswick, NJ:

Rutgers University Press, 2007. pp. 2–11.
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1.6 Aiming ahead: next generation visions
for the next 50 years in space
Agnieszka Lukaszczyk

1.6.1. The past and the future

The year 2007 has been a very important one for space; it marked the 50th

anniversary of the SpaceAge. Such amoment calls for a reflection on the past and a

review of accomplishments to date, but moreover, it calls for a planning of the

future, which may take humanity to places that past generations could only dream

about. Throughout the last half of the century, humanity has achieved great

advances in many different areas. Technological endeavour has been accompanied

by a tremendous social, cultural and economic impact. Space activities have

entered an era where a mixture of various disciplines from sciences to humanities

will be necessary for future space exploration enterprises. This raises the question of

what will happen next? Or rather, what should happen next?

The Space Generation Advisory Council (SGAC) in partnership with the

Frederick S. Pardee Center for the Study of the Longer-Range Future, the Boston

University Center for Space Physics, The Planetary Society and the Secure World

Foundation, has conducted an extensive project to determine youth visions for the

next 50 years of space exploration. The first stage of the project combined 900 youth

visions supplied in an online survey, which were summarised by a team of youth

volunteers and presented at the symposium “The future of space exploration:

Solutions to earthly problems” in Boston, U.S. that took place from 12 to 14 April

2007 featuring prominent individuals such as Freeman Dyson and Dr. Harrison

Schmitt.Questions thathave emerged in the survey includedbutwerenot limited to:

* What will space look like in the next 50 years?
* How can we learn from our history on earth as we move into this next frontier?
* How can we create opportunities for the sustainable, beneficial and effective use

of space?
* Who will decide these questions?
* How will conflict of interests be settled?
* What new systems, structures and paradigms do we need as we begin this new

adventure?35
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1.6.2. Aiming ahead

It has been fascinating to study the desires, dreams, hopes, and plans of today�s
youth for the next 50 years. The next generation has been quite aware of the

possible opportunity to explore new places and discover new worlds. Those

adventures will be driven by the human quest for knowledge and human curiosity.

They will provide the main opportunity for equitable international cooperation.

Humans divided on Earth will hopefully unite in space as citizens of one planet.36

Moreover, an interplanetary society may emerge at themoment a first child is born

on another planet.

Many of the ideas that resulted from the survey have been more the product

ofdreamers thanof realists.However, one should remember that similardreamshave

leadtoincrediblediscoveries.Onehundredyearsago,noonewouldhavebelievedthat

mancouldwalkonthemoon.Thus,althoughtheresultsof thesurveymayraiseabrow

or two, theyshouldnotbe taken lightly, aswehave toremember that theyoungpeople

of today are the leaders of tomorrow.

Around 700 youths from the ages of 18–29 were surveyed worldwide. The

questions asked were open-ended, as the goal was to allow the imagination to

flourishwithout restrictions andwithout leading the respondents to certain answers.

1.6.3. Ensuring the survival interests of humanity

1.6.3.1. The sustained exploration of the Moon

There was an overwhelming response in favour of exploring theMoon, using it as a

test bed for the exploration of other solar system bodies, for the development of a

Fig. 9. Division of the survey participants (source: results of the survey).
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permanent moon base or bases, and the development of a cis-lunar economy based

ontheextractionofdifferent resources inorder tomakeexplorationcost-effective.A

large majority of the responses noted that the first priority of resource use on the

moon should remain with providing themeans to sustain life supplies as well as the

well-being of the lunar explorers. Respondents felt strongly that before humans

explore further planets, they should be able to sustain themselves on the moon for

significant periods of time. Recognizing the need for a self-sustaining lunar

settlement, research and the development of efficient sustainable food, water, and

air production/recycling systems should be made a priority.

1.6.3.2. Habitat and life sciences

Respondents recognized the unique benefits afforded by making exploration and

long-term human presence in outer space major global objectives. They supported

thepursuitof technologies thatwouldenable long-durationhabitatsonthemoonand

Mars. They recommended the creation of international standards for space habitat

construction, including but not limited to interfaces between modules of different

national origin; occupational health and safety; and a module of structural design.

They proposed fixing a universal maximum radiation exposure limit to protect space

inhabitants as well as to support international collaboration for space habitat

development. In addition, respondents supported habitat design bydiverse technical

teams, which included engineering and social sciences, as well as other relevant

disciplines.They also encourage regulations thatprotect the generalpublic,while not

imposing undue hardship on entrepreneurial space efforts and which facilitate an

active dialogue for creating provisions for real property rights in outer space. In

addition, respondents recognized the risks inherent to space flight. They expressed

that in order to sustain a human presence outside Earth, a better understanding of

human physiology in low-gravity for extended periods of time is needed. In light of

the American Vision for Space Exploration, they urged an intensification of human

physiology research on ISS; suggested the additional development of biosatellites

similar to theMarsGravityBiosatellite architecturepioneeredbythe teamsatMITto

study physiology on short-term gestation mammals in orbit, simulating lunar and

Martian gravity, and returning them safely to Earth.

1.6.3.3. Furthering exploration of the solar system

Sustained exploration of the moon as well as continual human presence in near-

Earth orbit should be used to yield new and improved technologies that can help
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foster the further exploration of the planetary bodies. When asked which

technologies should be given the highest priorities, the majority (49%) felt that

life support systems that work longer and more efficiently would be beneficial for

Mars exploration. There is also a strong mandate for exploring Mars in support

of extending science research to allow us to better understand our existence in a

three-body system.

1.6.3.4. Maintaining human presence in the near-Earth
space

There is strong support for completion of the International Space Station prior to a

reassessment in order tomaximize its use.However, it seems that a large percentage

of the respondents were not convinced that this would happen, as 54% of them felt

that there is a need for a new station to be built cooperatively by governments and

private industry. This human outpost can be used as a docking station for further

missions (38%), to maximize science benefits and attain cost-effectiveness to carry

out exploration (34%) and to pay more attention to safety and reliability.

1.6.3.5. Space governance

Space efforts need to be led by all nations collectively including space-faring

countries under the umbrella of international organizations such as the United

Nations. Apart from some very important revisions to the Outer Space Treaty

(OST), there is a need to include the registration of defence-related missions in

order to reduce the secrecy and security threats that still surround businesses within

the space environment. It was also noted that important revisions to the OST are

needed, in particular, revisions pertaining to the destinations of near-term explo-

ration such as cis-lunar, moon surface andMars under this new governance. There

was strong support for internationally cooperative efforts for space exploration and

tohelphumanitybenefit fromthecoordinationofresearchefforts fromall countries.

1.6.3.6. Peaceful uses of outer space

It was very apparent in the survey that it was of a crucial importance to the

respondents to make outer space secure and used only for peaceful purposes. They

recommendedthespaceagenciesandgovernments tocontinuetheirdialogueonthe

futuremilitaryusesof space inorder toestablish rules,whichwouldbenefit society in
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general.When thinking about outer space, youngpeople no longer see eachother as

citizensof individualcountries,butascitizensof theworld.Rather thancompetition

among nations, they favour cooperation at the international level with a deep

understanding of the necessity for global collaboration in outer space. In addition,

the respondents felt strongly about the Disaster Monitoring Constellation in the

sense that it is a globally coordinated, cooperative effort to protect Earth. They

would like to see an international effort to create a �global network of observation� to
encourage the free flow of information to subvert the potential threat of global

disasters and redouble efforts to observe all large near-Earth objects (NEOs) by

2010. We encouraged the increase in public awareness regarding the potential for

current and developing space technologies created for the purpose of averting

potential disasters originating fromEarth or from the threat of near-Earth objects.

1.6.3.7. Private use of space

Many respondents have been inspired by the recent developments in the private

space sector, including the space flights with private space tourists aboard. They

supported the progress of private space industry, because the shared belief was that

Fig. 10. SGAC Visualization Map (source: Will Marshal. Robbie Schingler, Space Generations Advisory

Council).
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outer space should be more inclusive and thus accessible to ordinary people.Many

ordinary people consider use of space as being reserved only for the space-faring

nations. When surveyed, 81% of respondents in Europe (outside of the space

sector) did not even know that there is a European Space Agency in Europe. This

reveals that the awareness of space matters is very low. Although people use space

applications on daily basis (telecommunications, weather forecasts, navigation,

and more) they do not connect the two. When asked about outer space, most feel

uncomfortable, as the topic is very foreign to them. Hence, respondents believe

that by making the use of space more accessible, average citizens would have a

better chance to become acquainted with the wonders of the skies above.

1.6.3.8. The role of developing countries in space
exploration

Asmentioned before, outer spacemay serve as a unique platform for the citizens of

the world to collaborate in various endeavours. Hence, the benefits of space

technologies should be accessible to all. Today, we are witnessing a resurgence of

interest in lunar exploration. Worldwide, the motivation of space agencies is

increasing to spend more time and money on lunar research activities. Improving

the practicality and reliability of advanced technologies in space transportation is

crucial for the enduring exploration of space. It is important to recognize the

economic opportunity that has inspired previous exploration ventures, and

remember this for future exploration strategies. Reports and studies such as the

2007 International Lunar Decade by the Planetary Society promote international

collaboration to contribute to technological progress. This cooperation can be

expanded to encourage developing countries to become involved in space pro-

grammes. Respondents encouraged fostering capacity-building between coun-

tries, intergovernmental organizations and/or NGOs. They proposed achieving

this by advancing space capabilities within developing countries. They encouraged

developing nations to pool resources and get involved in space-related operations

by promoting education and research, and creating an infrastructure to permit the

development of a potential space programme. Awareness and information on

space exploration must be encouraged in the developing nations.

1.6.3.9. Space technology development

Respondents recognized the importance of public support as a major driver for the

success of space programmes, particularly in the fields of medicine, agriculture,
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public safety, and disaster management, in addition to recognizing the limited

informational outreach of space technologies by federal agencies and commercial

space industry. Furthermore, they recognized the ability of humankind to become a

space-faring civilization, and bearing in mind the importance of promoting space

among developing countries and the need to involve them in the space sector

workforce, respondents believed there shouldbe additional funding for the research

and investigationof advanced andbreakthrough space transportation technologies.

There should be a revival of aeronautical research in both private and public sectors.

Hypersonic research programs are positive initiatives in aeronautical technology

development. This should continue because such technology would benefit appli-

cations including space access, commercial airline transportation, and future

supersonic transports. There should also be continued research and application

of interplanetary superhighway trajectories for in-space transportation. They

recommended the creation of information flows to developing countries focused

on space science and space technologies to raise the technological base of those

countries, and to further the development of a space industry. The importance of

elaborating faster and more efficient export control procedures in order to increase

the competitiveness of all markets related to the space sector has been emphasized.

Taking into account the low failure rate of human space transportation systems, the

restrictive costs of payload to Low Earth Orbit, and recognizing the alarming

decline in investment in research of technologies, they recommended that research

and development be conducted in the areas of control, thermal management and

propulsion technologies, particularly on pulse detonation engines, hypersonic

Fig. 11. Political incentives for developing space applications (source: Agnieszka Lukaszczyk).
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engines, and electric propulsion. In addition, respondents supported investments

into the research and development of space-related technologies, that could

eventually lead to more efficient operations, with the objective of decreasing the

cost of travel to Low Earth Orbit by one order of magnitude.37

1.6.3.10. Space education and outreach

There is a lack of space education in schools, especially in developing

countries. Students are not aware of the opportunities that exist in fields such

as remote sensing applications, satellite communication, or future space pro-

grammes in their country. Through a more comprehensive space education, they

will be able to apply this knowledge to solve specific problems within their

community, thus contributing to the economic development of their nation.

Creation of aGlobal Space EducationCurriculum – expanding space education in

schools on an international level by convincing governments and schools to include

space curriculum in classrooms has been recommended. These programs will raise

space awareness as well as stimulate student interest in studying science and

engineering. Organizations such as UNESCO, among others, should play an

active role in encouraging educational programmes in space research. Space

agencies should regularly inform the public, especially people from developing

countries, of the benefits of space technologies by setting up specific workshops

and educational events. Young people pointed out that it appears as if many

agencies, organizations and governments are aware of the poor information

distribution when it comes to space topics, however, very little progress has been

achieved in this area.

1.6.4. Conclusions

This survey may be viewed as a testimony of young people on space issues. Often,

those in power do not take the opinions of youth into consideration due to the

assumption that today young people have nothing relevant to say about subjects of

high political importance. Fortunately, studies such as this one prove quite the

contrary. Young people are not only engaged in issues such as space matters but

also want to be heard. Their enthusiasm and sometimes na€ıve yet pure desire for a

better tomorrow for all humankind should serve as an example for decisionmakers.

No one expects his or her recommendations to be put into practice immediately.

However, a careful evaluation of this global voice would be advisable.
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After all, young people represent the future of the space industry.

Their recommendations combine the idealism and vision of youth with the

realism gained from the first steps within the space sector during their

studies and employment. As a link to the next generation, they provide proposals

aimed at helping to check the falling number of students of science and

engineering in tertiary-level education. Moreover, they provided a framework of

recommendations that they believe can enable the best use of space to the benefit

humankind.38

One must remember that without dreams and ideals progress is limited. It

sometimes helps to “step outside of the box” and listen to the whispers. Such

whispers, when combined, make a powerful voice – a voice that should not be

neglected.Most assert that the outreach and education regarding spacematters has

not been adequate. The reassuring thing is that there are young minds out there

willing towork very hard to promote space andmake the best use of it. Such human

resources should not be disregarded.More than that, such human resources should

be taken advantage of before they change their minds and go into other and more

rewarding fields.

“Shoot for the moon, even if you miss it you will land among the stars.”

Unknown

Fig. 12. SGAC 50-Year vision roadmap (source: Space Generations Advisory Council).
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35 “50 Year Visions for Space Exploration. SGAC Research Team”. SGAC. http://www.

spacegeneration.org/node/254.
36 See. “The Vienna Vision”. pp 229–233. In this volume.
37 Space Generation Congress. Youth Declaration. Valencia, Spain, 2006.
38 Thakore Bee, ed., Boshuizen Chris, Firestone Tiffany, Marshall William, Schingler Robbie, Shi H

(2007) Vision for the Next 50 Years of Space Exploration on the occasion of the 50th Anniversary of

Space Exploration Recommendations from Students and Young Space Professionals, Report to UN

COPUOS, Space Generation.

1.6 Aiming ahead: next generation visions for the next 50 years in space

53





CHAPTER 2

CAN WE COMPARE?





2.1 Summary
Monique van Donzel

Prior to embarking on the odysseys which developed into the Vienna Vision on

Humans in Outer Space, a series of papers address human exploration against a

historical and anthropological background of exploration as an inherent human

activity. Can we compare, and can analogies be used? The contributions to

this section set the scene for the three odysseys in the following sections.

The contributions each focus in their specific way on the role and situation of

humans around the Earth, their place in exploration, and the search for life in the

universe. This section addresses the questions set out in the general introduction to

this volume: Should humans explore space?Do the (cultural and economic) drivers

for exploration require human participation? What are the human abilities and

reasons to adapt to such extreme conditions as presented by the space environment

beyondEarth? Shouldman be prepared for – ethical and societal – consequences of

an encounter with Extraterrestrial life?

The contribution of James Muldoon focuses on the question of how historical

situations can provide us with analogies that would help us understand the

problems associated with space travel and the regulation of space. He presents

a useful analogy from the 16th century with the discovery of the NewWorld and

the subsequent debate about access to and regulation of the Ocean Sea and the

development of a legal regime for the seas. This is analogous to the current age of

space exploration and regulation. Sixteenth century explorers, standing on the

edge of the Ocean Sea, faced a similar situation as a modern space traveler on the

launch pad at Cape Canaveral. Modern governments will have to develop rules of

access to and activities in space, in order to seek the elimination of potential sources

of conflict in space. In doing this, legislators, judges and lawyers will be retracing

some of the steps that their predecessors trod in the 16th and 17th century.

G�ısli P�alsson addresses the issue of exploration from the human and within the

human. Now that most of the habitat of the globe has been charted, documented

and conquered, humans are increasingly turning their attention to the �remote

corners� of both outer space and the living organism, in particular the human

genome. Focusing on languages of voyaging, spatial representation, procedures of

mapping, and the development of property regimes, his paper discusses the

similarities and differences of the exploration of outer space on the one hand,
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and research on what molecular biologists sometimes refer to as the �universe
within� – the human genome – on the other. These issues are central to the third

odyssey.

The debate about humans as opposed to robots in space is reflected clearly in the

kind of tasks entrusted to humans and robotic devices, respectively, in the two

leading space powers of the early space age, theU.S. andRussia. This is the focus of

the contribution by Sven Grahn. Analogies with for instance aeronautics often

drove the debate on how to allocate tasks between humans andmachines. Grahn�s
contribution shows that analogies, as useful as they may be, should also be used

with caution. An analysis of each of the analogies used in the past to justify human

spaceflight, shows that they all have weaknesses. One should be careful in using

such analogies when charting the course of humans into space. Space is different.

The ideas and suggestions from this contribution are also relevant in the first

odyssey.

Chapter 2 – Can we compare?

58



2.2 Inter caetera and outer space:
some rules of engagement
James Muldoon

2.2.1. Introduction

On 19 January 2007 the issues with which this conference is concerned suddenly

became front page news instead of the stuff of science fiction – when the world

became aware that the Chinese government had employed one of its medium-

range ballistic missiles to shoot down one of its own outdated weather satellites,

presumably to demonstrate that government�s interest in the future of space travel.
The actions of the Chinese government serve to remind us that while space is vast

and there would seem to be room for any state interested in space exploration and

exploitation, in fact such is not the case. Although the writers of fiction carry us

imaginatively out into distant galaxies, traveling at speeds vastly faster than the

speed of light, the realities of space travel keep us closer to earth, at least for the

foreseeable future.

In a loose sense, the space above and around us consists of three zones, eachwith

its own characteristics and problems. The closest zone is that associated with

airplane travel, a region that a number of international conventions regulate and

that are ultimately enforced by the threat of not being granted landing rights if an

airline does not adhere to the regulatory regime. Weather, communications, and

military satellites that circle the earth in ever increasing numbers along with ever

greater amounts of space junk occupy the second zone. For our purposes, let us

assume that this layer extends to but not beyond themoon. This region is presently

unregulated in any formal way, although self-interest requires that those sending

satellites into space ensure that their satellites do not interfere with the orbits of

other satellites. The Chinese destruction of one of their own satellites brought

renewed calls to demilitarize space, an action that would require some sort of

unified effort on the part of themajor nations of the earth if it is to be effective. The

third zone of space is the universe beyond the moon, a region where there is little

actual activity at themoment and there is little evidence that there will be any in the

immediate future.

Each of the three zones of space presents two fundamental problems that at

some point have to be addressed. The first problem is access.Who has the right to

2.2 Inter caetera and outer space: some rules of engagement

59



enter each space, any individual, group, corporation, or other private entity, or

should access to space be restricted to states? The second issue is the regulation of

activity in space. Can there be or should there be regulation and, if so, how will

regulations be determined and enforced?

Let me make one more assumption for the thesis of this paper: the cost of

entering space will decline to the point that small nations, alone or in concert, and

wealthy private entities could afford to enter the space race. If the cost declines

sufficiently, there could be something approaching traffic snarls in those orbits

that are most useful for communications, weather, and military satellites. Fur-

thermore, as more satellites are sent up to replace obsolete ones, as others come to

the end of their effective life, and as older satellites begin to fall apart, there is the

problem of space junk cluttering up the heavens and eventually causing collisions.

These issues have implications for a range of activities from military planning to

insurance against the dangers in space. Attempts to regulate this zone lie in the

foreseeable future. At the moment, however, about the only regulation arises from

cost/benefit considerations. Is it worthwhile to spend money on further space

exploration?

2.2.2. Regulating the Ocean Sea

Given these assumptions, do we have any historical situations that provide us with

analogies that would help us understand the problems associated with space travel

and regulation or are these problems absolutely unique? As the title of this paper

suggests, in fact we do have an analogous situation, the discovery of the New

World, the subsequent debate about access to and regulation of theOcean Sea, that

is the Atlantic Ocean, and the development of a legal regime for the seas. In 1493,

following Columbus�s return from his first voyage, Pope Alexander VI

(1492–1503) issued three bulls generally known by the name of the first, Inter

caetera, that were a significant attempt to impose European Christian principles of

legal order on the Ocean Sea and to the lands beyond. Within the obvious limits

that any historical analogy present, the debate that emerged about whether the sea

was open,mare liberum, or closed,mare clausum, provides us with some interesting

parallels to the current debate about the regulation of space. Furthermore, Inter

caetera and related papal and canonistic documents made an important contribu-

tion to the 16th- and 17th-century efforts to create international law, a process that

reached its peak with the publication of Hugo Grotius�s On the Law of War and

Peace in 1625, the culmination of two centuries of legal discussion about access to

and jurisdiction over the sea that had begun with Inter caetera.
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As space presents us with three zones of interest, so too there were three zones of

the sea that concerned early modern rulers and their lawyers. The first zone

consisted of coastal waters, the second of large areas of the adjoining seas that some

states claimed to possess or at least to possess jurisdiction over, and the third was

theOcean Sea. The first led to such conflicts as that between theEnglish and Scots

on the one hand and the Dutch on the other about access to the herring fishery in

theNorth Sea. Could the English and Scots legitimately keep theDutch and other

outsiders from these fishing grounds?39 By the 18th century this kind of conflict

led to the creation of the three-mile rule, that is, that a nation�s jurisdiction

extended to a point three miles off shore but no further. This rule, like the

regulation of civil aircraft, was effective and enforceable, because it was in the

mutual self-interest of seafaring nations.

The second zone concerned the claims of the Venetians to �own� the Adriatic
and the Genoese to �own� the Ligurian Sea. These states claimed the right to

charge tolls and otherwise exercise jurisdiction over those who sailed in these seas.

In effect, these and similar claims by other nations asserted that the sea could be

closed, amare clausum as the Portuguese legal theorist SerafimdeFreitas argued, in

defending the Portuguese claim to possess a monopoly of trade between Asia and

Europe.40

The third zone was the Ocean Sea, the extent of which was unknown for a long

time. The Ocean Sea was a highway to the wealth, real or imagined, of as yet

unreached lands of which Europeans had heard and whose products they desired.

As Europeans were to learn, it also contained lands the existence of which they

were completely unaware. Could any nation or group of nations lay claim to the

Ocean Sea and therefore to the routes that provided access to that wealth and to the

potentialities of the newly discovered lands?

These were not entirely new questions. Canon lawyers had been interested in

such questions since the mid-13th century and there existed a small body of legal

theory and a number of papal documents that addressed some of the basic issues

that arose after 1492, underlying what Lewis Hanke described as The Spanish

Struggle for Justice in the Conquest of America.41 Inter caetera was thus not a

radical assertion of some new kind of papal power but rather the application of a set

of 2-centuries old legal principles to the circumstances that attended Columbus�s
first voyage, principles that several popes had already employed during the 15th

century to deal with access to the Atlantic islands. The basis for such a papal role

was the theory of universal papal jurisdiction that the canonists had developed.

Underlying this legal structure were several fundamental assumptions about

mankind. The first was that all mankind descended from Adam and Eve

and therefore ultimately formed a single people with a common origin and

purpose. The second was that mankind was flawed, all men being subject to the
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consequences of Adam�s original sin and therefore the beneficiaries of Christ�s
redemptive sacrifice. Wrestling with Christian theology and Greek philosophy,

the medieval scholastics had developed the theory of the dual nature of mankind,

natural and supernatural, each with its own end.Within this framework, humanity

had both a supernatural end and also a natural one, each structured in terms of law,

eternal law and that part of the eternal law accessible by human reason, that is the

natural law.Each of these lawswas reflected in the positive laws of human societies,

canon law for the universal Church and the various kinds of secular law established

for specific societies. In ecclesiastical legal and political thought there was also a

tendency to believe that in an ideal world mankind would form a single organized

society under a single head. This concept resonated with the notion of a Christian

Roman Empire and universal Roman Law that tantalized a number of medieval

intellectuals. Some theorists argued for a dual headship of Christian society, pope

and emperor, but others denied this argument.42 While the Christian emperor

could be seen as the superior of all otherChristian rulers in some hierarchical order,

the emperor in turn was subject to the pope in spiritual matters, so the pope, who

represented God whose eternal law was the basis of all other law, stood at the apex

of the human legal hierarchy.

2.2.3. The universal human community

The canonist Sinibaldo Fieschi, better known as Pope Innocent IV (1243–1254),

applied the legal principles that the scholastics had developed to human society in

concrete terms. He argued in effect that all mankind is subject to one of three legal

orders, canon, Mosaic, or natural, and the pope is the supreme judge of each legal

realm.The papal role in relations betweenChristian nations is obviously the easiest

claim to accept.43 Inavariety ofwayspopeshadbeenattemptingwithmixed success

to regulate international affairs within Latin Christendom for several centuries.

This claim was an important element of the larger Church-State issue that

characterizedmedieval society.The claim that thepopewas authorized to intervene

in JewishcommunitieswithinChristianEuropewhentheywerenotadhering to the

MosaicLawismoredifficult forus toaccept.Fromthepapalperspective,however, it

was a part of the papal responsibility for the protection of the Jewish people because

of theirpreparatory role inGod�s revelationofHimself tomankind.Errorshadcrept

into the Jewish tradition by way of the Talmud, and it was the responsibility of the

pope to insure the doctrinal purity of the Mosaic tradition.44

The final stage of the pope�s jurisdiction, as ultimate judge of all mankind under

the terms of the natural law, provided the basis for regulation of the seas. In the first
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instance, the pope sought to lay out clearly zones of responsibility for the

Portuguese and the Spanish in the newly discovered regions to block preemptively

the wars in which they engaged during the 15th century from expanding into the

New World. Within each zone, the Christian ruler would have the obligation of

supporting the work of missionaries who would preach the Gospel to the

inhabitants and, if necessary, civilizing them. In addition, should the inhabitants

attempt to prevent the missionaries from preaching or peaceful merchants from

entering and pursuing their interests, then aChristian ruler would have the right to

use force to defend the travelers on the grounds that all men have the right to travel

everywhere in peace. Furthermore, should the members of a society engage in

behavior that violates natural law, the pope could order a Christian ruler to punish

them and to bring that society�s laws into conformity with the natural law.

In the 15th century several popes issuedmore than 100 bulls dealing with access

to the Atlantic Ocean, the adjacent coast of Africa, and the islands discovered

there.45 Specifically, popes issued these bulls to regulate Portuguese and Castilian

competition for possession of the islands that were being discovered and,

potentially, for control of routes to the markets of Asia. These bulls and some

commentaries on issues relating to this expansion that canon lawyers produced

provided the theoretical basis for papal claims to regulate entry into the Ocean Sea

and the activities of Latin Christians who went there.

When PopeAlexander VI (1492–1503) responded to a request fromFerdinand

and Isabella that he legitimate Castilian jurisdiction over the islands that

Christopher Columbus had recently discovered, he was operating within a

longstanding legal tradition. The three bulls, Inter caetera (3 May 1493), Eximiae

Devotionis (3May 1493), and Inter caetera (4May 1493) that he issued at this point

contained the fullest expression of the body of papal and canonistic thought about

access to the newly discovered lands that accompanied the process of discovery and

expansion. According to the pope, the Spanish monarchs proposed “to bring

under . . . [their] sway the said countries and islands with their residents and

inhabitants, and to bring them to the Catholic faith.”46 This placed the Spanish

basis for entry into the Americas squarely within the traditional Catholic

framework, namely, the fulfillment of Christ�s Great Commission, Go teach all

nations.47

The pope recognized that the Castilians, and presumably the Portuguese, had

already expendedagreatdeal of energy,wealth, andblood inadvancing the interests

of theChurch, striving to ensure that “theCatholic faith and theChristian religion

be exalted and everywhere increased and spread, that the health of souls be cared for

andthatbarbarousnationsbeoverthrownandbroughttothefaithitself.”Healluded

to the reconquista that saw the “recovery of the kingdom of Granada from the yoke

of the Saracens” as a forerunner of what the Spanish intended to do elsewhere

2.2 Inter caetera and outer space: some rules of engagement

63



now that Spanish resources could be employed in the exploration of the newly

discovered lands.48Thesesacrifices justifiedthepopegrantingtheSpanishexclusive

jurisdiction over access to the newly discovered lands.

Alexander VI placed two specific limits on the Spanish entry into the Americas.

In the first place, the Spanish could not exercise jurisdiction over any lands

that were already “in the actual temporal possession of any Christian king or

prince . . . .”The second limit, formally created in the bull of 4May, was the result

of drawing a line from pole to pole “one hundred leagues towards the west and

south, as is aforesaid, from any of the islands commonly known as the Azores and

Cape Verde . . . .” The Spanish could operate to the west of the line while

the Portuguese operated to the east.49 The line was later adjusted by the terms

of the Treaty of Tordesillas (1494), but the principle remained the same.

2.2.4. The world divided

Contrary to popular opinion, Inter caetera did not give possession of the Americas

to the Portuguese and theCastilians.What the pope intended to dowas to regulate

the entry of European Christians into theNewWorld in order to preclude conflict

between the Spanish and the Portuguese, to regulate the entry of other Europeans

into the NewWorld in such a way as to ensure peace among the other Europeans

who went there, and also to ensure orderly, peaceful contacts with the existing

inhabitants of these regions.50

As long as there were only two nations involved in the exploration of the

Atlantic world and as long as there seemed to be little of great value to be obtained

in the Americas, the papal division of jurisdiction was successful because it was

unchallenged. After the Portuguese began to acquire wealth from the Asian spice

markets as a consequence of the voyage of Vasco daGama in 1497 and after Cortes

reached Mexico and its great treasure in 1520, however, the papal claim to

determine who could enter the newworlds that were opening up to Europeans was

not simply challenged but largely ignored.

In the first place, other Catholic rulers could argue that Alexander VI had

exceeded his authority when he restricted access to theNewWorld to Portugal and

Castile. The King of France, Francis I (1515–1547), famously observed that “he

would like very much to see Adam�s will to learn how he divided up the world!”

before accepting the papal claim to possess such a right.51 The king�s criticism of

Alexander�s bull was a part of the traditional Church-State conflict over the

respective jurisdictions of popes and secular rulers and could have been made by

any contemporary Catholic ruler.
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2.2.5. Hugo Grotius and the protestant response

In addition to traditional Catholic criticism of papal pretensions to universal

jurisdiction, the ProtestantReformation generated an evenmore serious objection.

From the very beginning of the Reformation, the aim of the Reformers was to

eliminate the papally led, hierarchically structured Church and return to what they

saw as the less structuredChurch described in theActs of theApostles. During the

Reformation the unified Church under the pope was replaced by a number of state

churches each under royal direction. This led to the publication of numerous

treatises on the right of a state or group of states to declare the Ocean Sea or part of

it as closed.

The most famous and most influential of these treatises on access to the sea was

that of HugoGrotius. In 1608, he published anonymously a chapter of a proposed

larger work as theMare Liberum, a detailed refutation of the papal claim to regulate

such access. To reject Spanish and Portuguese claims to their respective monopo-

lies of access to the new worlds based on papal determination, he employed the

arguments of the same writers that these Catholic rulers and their lawyers were

using against them. He provided a point by point refutation of the claims

contained in Inter caetera. The core of his position was that God willed that all

mankind “to be of one race and to be known by one name” and that all men should

“recognize their natural social bond and kinship.”52 Seen in this light, Grotius was

arguing that rather than properly regulating good relations among men, Inter

caetera encouraged division and, presumably conflict. Furthermore, Grotius

pointed out that Alexander VI had acted as an arbitrator between Portugal and

Castile so that his decision only affected them and no one else. Finally, he noted

that “if the Pope has any power at all, he has it, as they say, in the spiritual realm

only.”53 Grotius argued from within the framework of the medieval Church-State

conflict so that even a Catholic ruler could accept his conclusions in good

conscience.

Grotius�sMare Liberum and hisOn the Law of War and Peace formed one of the

most important stages in the 16th-century construction of a body of international

law based not on spiritual claims but on a rational analysis of the issues involved and

enforced by themutual self-interest of the major powers of Europe. Together with

the Peace ofWestphalia in 1648 that settled the religiouswars of the 16th and 17th

centuries without any reference to papal jurisdiction, Grotius�s work marks the

point at which papal claims to some kind of universal jurisdiction were no longer

relevant to issues of legal order and regulation either within Europe or abroad.54

Instead, the rulers of the major powers would meet and settle among themselves

the conflicts that arose among them. Inter caetera and the entire papal-canonistic

legal structure of international order was relegated to the dust bins of history.
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2.2.6. The Papal world order in secular garb

What relevance then does the papal attempt to regulate access to the Ocean Sea

have for the current problem of the regulation of space? What relevance can there

be in claims that were rejected 5 centuries ago? One reason is that the issues that

space travel raises are quite similar to those that Columbus�s voyages presented to

European rulers and there are various international agencies, especially the United

Nations, that would like to play a leading role in the regulation of space. At the

same time, as in the early modern world, there are governments whose officials

would respond to UN assertions of regulatory jurisdiction in space with words

rather like those of Francis I, and any modern government could produce scholars

who could refute UN claims to universal jurisdiction in treatises like the Mare

Liberum. The debate about access to the newly discovered lands that Inter caetera

and the other texts that the discovery of the NewWorld generated thus provide a

kind of laboratory exercise in the course of developing international regulation of

vast spaces.

Before concluding, however, let me provide an example of the way in which

medieval notions of world order have already re-emerged in the contemporary

world. In the 1960s a challenge to theGrotian position on access to and regulation

of the sea appeared. Technological advances made possible the recovery of

“polymetallic nodules” containing valuable ores from the bed of the sea.55 This

attracted the attention of the ambassador of Malta to the United Nations, Arvid

Pardo, who gave a speech at the UN in 1967 “calling for the recognition of the area

beyond the limits of national jurisdiction [over the sea] and its resources as the

common heritage of mankind.”56 His theme was the “intolerable injustice of

reserving the plurality of the world�s resources for the exclusive benefit of a handful
of nations” if the usual rules of international law, that is Grotian principles, were

applied, that is placing the sea and its bed under the control of those countries that

bordered it.57

Pardo proposed a resolution on the future control of the sea that would replace

the traditional notion of jurisdiction over the seawithwhat he saw as a newone that

reflected both economic interests and moral values.

“The sea-bed and the ocean floor are a common heritage of mankind and

should be used and exploited for peaceful purposes and for the exclusive

benefit of mankind as a whole.”58

In effect, the ambassador was suggesting formal recognition of the corporate

nature of human society so that the sea�s resources could be employed for the

common good. Pardo�s proposal would require reconsidering the meaning of state

sovereignty and necessitate conceiving mankind as some kind of corporate whole
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under the jurisdiction of a supra-national authority. To a medieval historian

Pardo�s proposal suggests a secularized version of medieval papal and canonistic

thinking about the nature of mankind and the possibility of a just world order.59

The �public order of the oceans� that Ambassador Pardo�s proposal would overturn
was the result of three centuries of legal thought and practice about world order.

2.2.7. Conclusion

In conclusion, let me state that there are two important points about access to the

sea and access to space to discuss briefly: the claims to universal jurisdiction and the

problem of enforcing such claims. The papacy claimed universal jurisdiction based

on religious principles, the common origin of all mankind and a divine mission to

preach salvation to all the descendants of Adam. The Grotian conception of order

assumed an egalitarian state order regulated by reason and self-interest but limited

to European states. In the 20th century, notions of universal human community

and a universal regulatory jurisdiction have re-emerged in the form of the League

ofNations and the United Nations. These agencies claim not a religious origin but

a rational and humanitarian basis. While these agencies make no claim to convert

peoples religiously, they have claimed the right, especially since World War II, to

intervene in the internal affairs of societies on a humanitarian basis when

internationally recognized humanitarian standards are being violated.60 In effect,

the current international situation sees the assertion of claims associated with the

papacy, a reminder of the claim by some scholars that a good deal of modern

political thought consists of secularized versions ofmedieval ecclesiastical thought.

The second point of comparison is obvious. Neither the early modern papacy

nor contemporary secular agencies possess the power to enforce regulations that

they issue. Enforcement always depends on the willingness of various states to see

the own interests as supported by such enforcement. Like the regulation of the

Ocean Sea, regulation of space will be rooted in and an extension of terrestrial

politics. In the final analysis, it would seem that the regulation of space will fall to

the most powerful states just as the regulation of the sea eventually fell to the great

seaborne empires and earth-bound political realities will determine the regulation

of space.
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2.3 Celestial bodies: Lucy in the sky
G�ısli P�alsson

2.3.1. Introduction

Ever since humans ventured beyond their cradle inEastAfrica, they have advanced

their exploration of the rest of Earth step by step, achieving quite most spectacular

success in the course of the last centuries. Now thatmost of the habitat of the globe

hasbeenchartedandconquered,humansare turningtheirattentiontothe“remotest

corners” of both living organisms and outer space. Focusing on the languages of

voyaging and mapping, this article will discuss the similarities and differences of

research on what biologists sometimes refer to as the “universe”within the human

body (in particular the fetus and the genome), on the one hand, and the exploration

of outer space, on the other hand. I will argue by zooming in and out that the

endeavours of the big sciences of molecular biology and astrophysics are related in

many ways – and not just by similar languages and metaphors.

2.3.2. Zooming in and out

In the last half a century, both molecular biology and space science have made

immense progress. Some of the most significant events in molecular biology were

Rosalind Franklin�s photography of DNA (1952), the discovery of the double

helix (1953), and the drafting of the human genome (2000). The most recent

spectacular promise on this score is synthetic biology, aiming to design whole

organisms practically from scratch. The description and broad implications of the

intrusion of life into economics and politics is one of the most important issues on

the academic agenda at the beginning of the 21st century. Among themomentous

events that took place in space during the second half of the 20th century were the

launching of Sputnik (1957), putting Gagarin in orbit (1961), landing humans on

the moon (1969), and establishing the International Space Station (1998). To

celebrate half a century of human exploration in space, The Guardian published a

photograph (see Figure 1) with the accompanying text: “Astrophysicist Stephen

Hawking, accompanied by his physicians and nurses, floats on a zero gravity jet at

24,000 ft above the Florida coastline. The plane made eight parabolic dips, giving
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Hawking the experience of weightlessness”. The image powerfully illustrates both

the mastery of space and the dependence and fragility of human beings. Newton�s
apple is not far off.Or is it perhaps a reference to the sinfulness of humandigression

into the heavens, a modern version of the story about the Tower of Babel?

Since the EuropeanMiddle Ages, the notion of “celestial bodies” or “celestials”

(from caelum, the sky) has usually referred to heavenly bodies belonging to the

reigning gods or emperors on Earth. With the advances of molecular science,

including those of genetic engineering and synthetic biology, the idea of con-

structing corporeal bodies for outer space has become possible. While human

exploration has hitherto taken placewithout subspeciation, this is unlikely to be the

case in the event of human settlement in outer space. Indeed, the future may bring

forth a post-human settler in space, a celestial “Lucy in the sky” – or, more likely,

several kinds of them.

2.3.3. Fetal space

Several scholars have drawn attention to the parallels between the imagery relating

to human fetuses and the womb, on the one hand, and, the celestial world, on the

other. As Michaels points out, “Planets, supernovas, and galaxies have been

showing up alongside fetuses, embryos, and blastocysts during the past twenty-five

years, and their visualization occasions comparable journalistic indulgences and

Fig. 1. Astrophysicist StephenHawking, accompanied by his physicians and nurses, floats on a zero gravity jet

at 24,000 ft above the Florida coastline. The plane made eight parabolic dips, giving Hawking the experience

of weightlessness (source: The Guardian).
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epistemic quandaries.”61 Duden explores the path breaking photographs of

Lennart Nilsson documenting “the beginning of life”, published in Lifemagazine

in 1965 and 1990, pointing out that the photographs, the first ones of the kind, and

the accompanying text in Life repeatedly juxtapose fetuses and astronauts, bodies

and space.62 The 1990 issue (see Figure 2) elaborates on the first stages of human

life by means of celestial language and imagery, starting with a fetus aged 2 hours:

“Like an eerie planet floating through space, a woman�s egg or ovum

has been ejected by one of her ovaries into a fallopian tube . . . the

luminous halo around the ovum is a cluster of nutrient cells feeding the

hungry egg.”63

Eight days later, Life goes on:

“The blastocyst has landed! Like a lunarmodule, the embryo facilitates its

landing on the uterus with leg-like structures composed of sugar mol-

ecules on the surface.”64

Fig. 2. The first pictures of how life begins (source: Life Magazine, August 1990).
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The fascination with the fetus and outer space underlines human curiosity at the

border of the unknown, the urge to extend sight by zooming in or out beyond the

“natural” horizon of the human eye. New images and visual horizons, however,

sometimes take on a life of their own, forming perception and politics. Thus,

astronauts tend to speak of a gestalt shift as a result of their voyages into space,

when seeing Earth from a distance, a “Gaia” perspective is created that seems to

facilitate global, environmental concerns. No doubt, images from space, including

images from Neil Armstrong�s “giant leap for mankind” when landing on the

Moon, have also formed public discussions on Earth in several respects. Likewise,

the kind of fetal imagery presented by the famous Life photographs mentioned

above probably had an enormous impact on the public discussions of biopolitics, in

particular, on abortion and the rights of women. Duden addresses the issue with a

reference to what she calls the “Nilsson Effect”, stressing the shift in emphasis as a

consequence of Nilsson�s photography from the pregnant woman to the fetus and

the resultant alteration in the power balance between those advocating “pro choice”

and others in favor of “pro life”.65

2.3.4. The universe within

A number of other works make similar analogies and connections between fetuses

and astronauts, from the vantage point of outer space. An article by Sofia largely

devoted to a commentary of the film 2001: A Space Odyssey (1968) by Stanley

Kubrick and Arthur C. Clarke suggests that the film establishes what she calls

“Jupiter Space” through the imagery of the fetus, a space “whose contours are

elaborated in visual complexes which equate the male brain, the womb, outer

space, city landscapes, grids of light, microcircuits, the interiors of computers,

skyscraper façades, and so on”.66 More generally, she argues that the human fetus

serves as a symbol for Earth: “It is a cosmic symbol. It is not entirely inappropriate

that the planet be represented by a signifier of unborn life, for it presently contains

all of the possibilities for future life forms. From this perspective, disarmament

might be seen as an act to prevent a cosmic abortion”.67 While Sofia�s article is
highly playful and speculative, it draws attention tomilitary concerns and the Cold

War and their impact for both biopolitics and space exploration.

With the development of digital technology, bioinformatics, and the new

genetics, voyaging into the human body was escalated and extended to specific

organs, in particular, the brain, cellular material, and the genome. Dumit con-

cludes his ethnographic study of one kind of corporeal exploration, brain function

imaging or “PET scans” (Positron Emission Tomography) which reportedly
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represent the human brain at work in different moods, states, and activities, with a

similar note on the relevance of techno-scientific developments for the self-

reflective anthropological project: “We . . .may have entered a space of active

negotiation of the basic terms of our categories of the person. . . .The use of these

images in thinking about ourselves is in its infancy. We are at stake in this work.

How can we not afford to risk jumping in and studying it?”68 A recent advertise-

ment for image-guided brain surgery says it all, “The doctor can see you now,”

presumably with the emphasis on “you” (see Figure 3).

2.3.5. Hunting and gathering genes

Eventually, “Man theHunter” and “Woman the Gatherer”, made in East Africa a

long time ago, turned to hunting and gathering within the territory of their own

Fig. 3. Advertisement “The doctor can see you now.” (source: GE Healthcare).
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genome. What project could be more anthropological? Homo viator navigating

waters right at home.69 One of the characteristics of the genome era is the

application of cartographic language to the human body. In year 2000, the first

draft of a “map” of the human genome was announced. On that occasion, the

journal Nature triumphantly published a poster, “The Geography of the Human

Genome” (see Figure 4). Nature underlined its cartographic language by inviting

its readers on a tour into the “universe within”with the following grand statement:

“Since ancient times we have drawn charts of the sky, of the world, and of

our anatomy. Today, a new chart is added to the collection: The map of

our genome. Its purpose is to synthesize the insights andmeaning gained

Fig. 4. The Geography of the Human Genome (source: Nature).
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from the sequence of the human genome. We invite you on a tour of the

geography of the genome, exploring the chromosomes, the sequence, and

the differences between individuals and populations. The integration of

these exciting new findings ushers in a new era of scientific and medical

progress.”70

Impressed with their ability to zoom in on the minute details and contours of

hereditary material and their power of visualization, geneticists and molecular

biologists have firmly reinforced their language of cartographies, a language that

echoes the modernist notion of expansion and mastery. Textbooks represent a

useful source of information on the language and imagery involved. At the turn of

the new millennium, a standard textbook described molecular genetics with the

grand terms of discovery and voyaging:

“Aftermany centuries, we have built up an approximate understanding of

our external universe, but the universe within us has only very recently

been the subject of serious study. The application of microscopy to the

study of cells and subcellular structures provided onemajor route into this

world, to be followed by pioneering advances in biochemistry and then

molecular biology. Now, as we enter the next millennium, we are on the

threshold of a truly momentous achievement that will have enormous

implications for the future. For the first time, we will know our genetic

endowment – the sequence of our DNA. Then our voyage into the

universe within really will have begun.”71

2.3.6. Elementary structures

With the expanding gaze of the new genetics, then, the hereditary signatures of

individuals and populations, which are assumed to remain practically unchanged

throughout the span of life, have become the subject of map making. Intensive

research in the past decades has revealedwhat practitioners of the new genetics take

as the elementary structures of the universe within and the geography of the

genome. Each organism, in their language, possesses a genome that contains

instructions necessary for constructing and maintaining a living example of that

organism. Several kinds of maps are used in molecular genetics. It is conventional

to distinguish between genetic mapping and physical mapping. Genetic mapping

involves the application of genetic techniques to situate genes on chromosomes by

relative distance (“genetic distance”). The first maps of this kind were constructed

early in the last century by researchers working on the fruit fly, Drosophila, using
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genes as markers to establish the distinguishing features of the genetic landscape.

Physical mapping, on the other hand, involves the use of molecular biology

techniques to explore deoxyribonucleic acid (DNA) molecules directly, locating

the positions of sequence features, including genes, on chromosomes by absolute

distance (in units of DNA nucleotides). The mapping idea has often appeared in

public discussions and the media.

The apparently innocent language of voyaging, of course, is somewhat mis-

leading. Keller points out that while star-gazing has always been an important

metaphor for biology it “certainly . . . has no place in the biology of today”.72

Gazing, she suggests, is increasingly enmeshed in actual touching, if not aggressive

bombarding of the object in question. Perhaps, though, the development of cosmic

maps beyond the Milky Way represents an appropriate parallel to genomic maps.

Both projects have significantly altered the scale and meaning of the cartographic

enterprise. In the case of cosmicmaps, the subject ofmapmaking is infinitely larger

than the maps themselves, while for genomic maps the reverse is the case. One

project puts parts into context, another zooms in on the parts.

2.3.7. Mappings

Maps, like photographs and other forms of visualization, are obviously powerful

tools for scientists and other explorers of the unknown. Clearly, the mapping of

geneticmaterial has been greatly enhanced by themodel of the double helix and the

map of the human genome. At the same time, mapping deserves attention in its

own right as the product of situated, historical activity.Maps have, indeed, become

objects of critical attention in the social sciences and the humanities; giving way

to a “spatial turn”. Cosgrove attributes the extensive rethinking of maps to

several factors, including the dissolution of a “euro-centric” geopolitics, changing

techniques of seeing, and post-structuralist theorizing. For Cosgrove, the growing

critical interest in maps and mapping corresponds to fundamental doubts about

the grand narratives “and to the concomitant recognition that position and context

are centrally and inescapably implicated in all constructions of knowledge”.73

The notion of maps is used here in a fairly broad sense for any kind of visual

surrogates of spatial relations. It is tempting to refer to genomic cartographies as

“mere” metaphors and, indeed, an important avenue to explore in relation to the

new genetics is: what do peoplemeanwhen they speak of charting the “geography”

or the “regions” of human genetic material? While this topographical language is

clearlymetaphoric in that it refers to the abstract visual representation of “crossover

rates” (the layout of graphs and charts), it also seeks to realistically describe
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particular regions in the genome. In fact, a radical distinction between the

“metaphorical” mapping of genomes and the “realistic” mapping of landscapes

may not make much sense. The mapping of chromosomes – estimating their size,

charting their layout, and positioning genes – is just as real a procedure as

topographic mapping and, conversely, cartographic mapping may be just as

metaphorical as genome mapping. Maps may look deceptively simple and

straightforward. However, a critical dealing with maps is essential in the sciences

and the humanities. Whether genomic, terrestrial, or celestial, maps are perfor-

mative constructs, formed by the interests and perspectives of the people and the

regimes involved in their making.

2.3.8. Out of Africa, out of Earth

In 1974, a 40% complete Australopithecus afarensis skeleton was discovered in the

AwashValleyofEthiopia�sAfarDepression.Thefossil (AL288–1)wasnicknamed

Lucy after the Beatles song “Lucy in the Sky with Diamonds”, which was played

frequently at the timeofdiscovery at the archaeological campatAwashValley.Lucy

was estimated to have lived 3.2million years ago,firmly establishing human origins

in East Africa. For a long time, there has been a lively discussion of the roads out of

Africa, their timing and significance for the understanding of hominid evolution

and history. Recent archaeological findings from Dmanisi in the Republic of

Georgia shed new light on some of the issues involved, possibly documenting the

earliest members of the genus Homo outside the continent, thereby filling in

significant gaps in current knowledge about a critical phase in human evolution.74

Dated to1.77millionyears ago, the fossils involved indicategreat variability inbody

and brain size, in the size range ofHomo habilis andHomo erectus, reflecting, among

other things, selection for improved terrestrial locomotion. These findings, then,

provide an image of scattered and variable hominids adapting to time and place

outside Africa. Will there be a parallel development in outer space, in the event of

human settlement on different asteroids, space stations, moons, and planets?

One of the most important contributions to the anthropology of space is the

volume Interstellar Migration and the Human Experience edited by Finney and

Jones.75 Written in the heat of the Cold War, under the threat of nuclear war, it

represents a particular “galaxy of discourse”, to borrow a term from Battaglia in

another important contribution to the field.76 For Finney and Jones, it is human

“biocultural” nature to venture into new areas, to explore the entire globe and

eventually head for the sky: “Sometime in the not too distant future, a space traveler

will do something science fiction writers have been talking about for decades:

2.3 Celestial bodies: Lucy in the sky

77



Ahuman being will jump completely off a small world. Asteroids and small moons

have very weak gravity indeed.”77 “Barring total nuclear war, a devastating collision

with a comet or asteroid, or some other calamity on a worldwide scale,” they

conclude, “there is a good chance that this initiative will soon result in settlement in

near space and that eventually our descendants will scatter among the stars.”78 No

doubt, the birth of the first human child in outer space will be an event of enormous

symbolic significance, underlining human settlement outside Earth in contrast to

the relatively brief visits of the past, much like the birth of the first child outside of

Africa and in the New World.79

2.3.9. Human evolution

The likely consequence of human settlement in space is one of the themes explored

by Finney and Jones. For long, they suggest, the hominid species formed one

interbreeding world population and speciation did not seemed possible. However,

that would not hold in space since our descendants will probably be scattered

throughout the vastness of space which would set up the conditions for the rapid

speciation of Homo sapiens:

“If the technology of space colonization really works, if our descendants

do settle throughout the Solar System and then migrate to other star

systems, humanity will never be the same again. The course of human

evolution will change utterly and inalterably. . . .The threshold of space

is also the threshold to quantum biological evolution.”80

Time, no doubt, has complemented and qualified the predictions of Finney

and Jones on several scores. First, the obvious post-Cold-War potential event

that they refer to as “some other calamity on a worldwide scale” is not a nuclear

war but massive environmental change brought about by humans, including

global warming. Our achievements at exploration, colonization, and resource

use have made Earth a rather messed up place for humans andmany other species,

and unless the problems at home become paralyzing this is likely to escalate

the exploration of outer space. Colonization and modernization have been

taxing to the planet, a point emphasized by Mahatma Gandhi. Asked whether

independent India would follow the British pattern of development, Gandhi

replied: “It took Britain half the resources of the planet to achieve this

prosperity. How many planets will a country like India require?”81 How many

planets will the world require to satisfy the needs of the masses and to clean up

the mess?
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FinneyandJonesdidnotanticipate (at leastnot commentupon) thesuccessof the

new genetics and their potential relevance for settlement in space. Thanks to the

spectacular advances of biotechnology and genetic engineering; long-termbiologi-

cal adaptation to outer space is no longer pure science fiction. As Rheinberger

suggests, modern gene technology along with the molecular biology developed

between1940 and1970 facilitate “theprospects of an intracellular representationof

extracellular projects – the potential of �rewriting� life.”82 The key tools of recom-

binant DNA work are not “sophisticated analytical and electronic machinery”

but “macromolecules that work and perform in the wet environment of the

cell. . . .The scissors and needles by which the genetic information gets tailored

and spliced are enzymes. The carriers by which it is transported into the cells are

nucleic acid macromolecules.”83 As a result, Rheinberger argues, the traditional

dichotomy between “nature” and “culture” no longer makes much sense. Quite

possibly, life will be “written” and “edited” for outer space in the future, inviting

new kinds of citizenship and biosocialities, and new kinds of hybrids of

technologies and organisms. Some of the early speculations along these lines

are those made by Sofia in an article referred to above. If the Earth is an embryo,

Sofia suggests,

“ . . . then its womb is space. Althoughwe know of no other living worlds,

centuries of extraterrestrial fantasies capped by several decades of off-

world practice have encouraged us to think of space as a good womb, full

of inhabited planets. From this view, the Earth is just one ofmany cosmic

pregnancies. It doesn�t really matter if we abort it, for we can always

escape to one of the new Star Children we pluck from the vacuum; we

might even mutate into extraterrestrial cyborgs.”84

2.3.10. The phenomenology of space

Not only does modern biotechnology increase the likelihood of human and post-

human variation, encounters with radical “others” from space cannot be ruled out.

Ufology, as Roth points out, the study of unidentified flying objects and extrater-

restrialvisitors,“isadisciplinethathastriedtounderstandracialdiversity.Ufologists

do not always call it �human� diversity, but then the earliest European anthropol-

ogists were not sure that all speaking bipeds outside Europe were human either”.85

The difficulties of adapting to permanent settlement in space should not be

underestimated, in particular, the damaging effects of radiation on human bodies

and problems relating to what might be called the “phenomenology of space”, the

challenges posed by our Earth-bound perceptual, cognitive, and psychological

2.3 Celestial bodies: Lucy in the sky

79



capacities in the context of space.Addressing the relations betweenhumans and the

material world from a phenomenological perspective, Ingold suggests what he calls

“aviewfromtheopen”; rather than imagining “that life isplayedoutuponthesurface

of aworld already furnishedwithobjects”, he argues, people “make theirway through

a world-in-formation rather than across its pre-formed surface. For that reason, the

fluxes of the medium through which they move are all-important.”86

Such a view emphasizes the every-day human experience of wind and weather.

There is no compelling reason, however, to imagine that the “view from the open”

does not apply to life in space; in fact, it may be even more relevant for astronauts

than earthlings. Space is a particular kind of medium with its own formations and

fluxes – a medium where everything floats, where solar particles (“winds”) blur

vision, and where Earthmay not even be in sight.While space, much like the alien

medium of water, poses particular problems for a species thoroughly adapted to

terrestrial life, these can at least be partly eased by means of technological and

computerized enhancements like robots and artificial intelligence. The mere fact

that settlements in outer space are a possibility underlines that space is just as

“natural” for humans as Earth.

2.3.11. Conclusion

There are profound problems to face in outer space, and, indeed, they may slow

down attempts to establish human settlements outside Earth. Some of the

problems likely to be encountered are unprecedented biopolitical and bioethical

issues that will inevitably be distracting; issues relating to inequality, difference,

citizenship, race, and, possibly, eugenics. Humans, however, have been moving

extremely fast on the space front for the last half a century and their journeys seem

likely to continue. Not only has curiosity been characteristic for the species from

the beginning, leading to both the colonization of the entire planet and the

exploration of the cosmos and the structures of cellularmaterial, also there are good

economic and environmental grounds for moving out of Earth. Given the

spectacular advancements we have witnessed in recent decades in science and

technology, including those represented by rocket technology, robotics, artificial

intelligence, and the life sciences, human and post-human settlements in space are

no longer simply the products of mythmaking and imagination. The original

meaning of the title of “Lucy in the Sky with Diamonds” has always been a matter

of debate, but whatever JohnLennon�s reasoningwaswhenwriting the lyrics – one
theory states a psychedelic element induced by drugs (LSD) – Lucy�s descendants
seem to be heading for the sky.
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2.4 Why we had better drop analogies
when discussing the role of humans
in space
Sven Grahn

2.4.1. Analogies used in the early space age to define
the role of humans in space

Humans always try to use analogies when new technologies appear. For example,

in computer usage we talk about mail, files, libraries, folders and other terms that

we recognize from everyday life.

Space flight, when it was introduced 50 years ago was a completely new realm of

human activity. To understand how this new field of human activity should be

incorporated into society various analogies were used. Some analogies seem to hold

and others do not. But anyhow, analogies are powerful tools in a situation like this.

Here are some of the most prominent analogies used to describe human space

flight in the early era of space travel.

1. Explorers of New Worlds (America), Settlers

2. Sailors on the New Ocean

3. Pilots of spacecraft for reconnaissance, intercept, strike87

4. Soldiers on a battleship

5. Scientists on a field trip or in the laboratory

6. Factory workers

2.4.2. Explorers of new worlds

This metaphor is very powerful and appealing to the human spirit. Early

space travelers were compared to Columbus and his expeditions to the

Americas. It is fascinating how this analogy still captures people�s imagination

despite the fact that the exploration of the Americas was done with a direct

profit motive, while human space travel obviously is far from bringing home

such immediate rewards. To support this analogy, the extraction of Helium-3
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for use in, as of yet, non-existing fusion reactors on Earth is often mentioned.

In the 1970s, the idea of building large solar-power stations on the Moon

and sending them down to geostationary orbit was used as one rationale

for exploring the Moon. In this period, the notion of artificial human settle-

ments in space (at the L5 point) was also advanced by Dr Gerard O�Neill

in 1974. In this period books, such as “Limits to Growth” published by the

Club of Rome”, very much influenced many thinkers and clearly played an

important role behind O�Neill�s formulation of his grandiose space settlement

concept.

2.4.2.1. Sailors, pilots, and soldiers

“ . . . the situation was aggravated by the discrepancy between the terrestrial

stereotype of relative movement and the reality of space flight: we got used to

rely on our experience of operating airplanes and automobiles, where it is

possible to “add gas” to catch up with a moving object. . . .Besides, a

significant role in guiding an air plane belongs to intuition. . . .But I am

not sure that space guidance could rely on intuition. In order to predict relative

movement of objects, it is necessary to know their orbits precisely; it is

impossible to rely on anticipation . . . ”

Analogies (2–4) [Sailors on the New Ocean, pilots of spacecraft for reconnais-

sance, intercept, strike, and soldiers on a battleship] are somewhat weak

since there is no freedom of movement in space such as on the ground, in the

air or at sea. You cannot change your destination or course in space at will.

Orbits are rather “rigid” paths. Let me quote from a book by a colleague of

Valentina Tereshkova�s, Valentina Ponomareva in, “The Female face of the

Cosmos”:

“Also, the military role of humans assumes that there are valid military

targets in space that could be engaged with manned spacecraft. If there

were nuclear weapons or manned reconnaissance bases or “battle

stations” in space, there might possibly be a role for spacecraft for

reconnaissance, intercept and strike. However, the huge number of

nuclear weapons that could conceivably be deployed in orbit makes it

well nigh impossible to engage them all with interceptor, manned or

unmanned. Inspecting and destroying reconnaissance spacecraft could be

done with a manned space interceptor/strike vehicle, but the relative

value of having humans in the loop is debatable.”
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2.4.2.2. Dropping bombs from manned battle stations

Manned battle stations equipped with nuclear weapons was even proposed by

Sergei Korolev (the “father of Sputnik”) in the early 1960s as a means of offsetting

the short flight time to the U.S.S.R from U.S. nuclear missiles based in Europe.

Soviet battle stations with nuclear warheads that could be dropped on the U.S.

would permit a short delivery time to targets in the U.S. Of course, several orbital

battle stations would be needed, and the opportunity to drop the bombs would not

be available at all times. But, once the bomb was dropped from orbit, it could,

theoretically, reach targets within minutes. However, this concept was short-lived

and very much influenced by events at the time. Of course, Soviet leaders sought a

muchmore direct approach to solving the problem – they put missiles with nuclear

warheads in Cuba . . . and the rest is history!

2.4.2.3. Manual vs. automatic control

“ . . . the leadership of the Missile Forces has more trust in automatic satellites,

and it underestimates the role of human beings in space research. It is a shame

that in our country, which was the first to sent man into outer space, for four

years the question has been debatedwhether man is needed on board amilitary

spacecraft. In America this question has been resolved firmly and conclusively

in favor of man. In this country, many still argue for automata . . . ”

(Translation by Slava Gerovich)

The limited value of offensivemilitary action in space was quite clear rather early in

the space age, but these notions still drove the debate about how much the space

pilot should intervene in the maneuvering of his space vehicle. It is interesting to

quote from the letter to Party leader Leonid Brezhnev that Yuri Gagarin and some

famous cosmonaut colleagues wrote inOctober 1965. They saw themilitary role of

men in space as important and concluded that the U.S. had already decided that

astronauts had military tasks in space;

In the Soviet Union, the role of man in controlling spacecraft as pilots was an

issue for debate. The first piloted spacecraft, the Vostok and the Voskhod, were

almost entirely automatic with back-up manual control systems. As the space

exploration agenda became more ambitious and included such complex tasks as

rendezvous, docking, and lunar landing, designers faced the problem of optimal

division of functions between human andmachine on board.While the U.S. space

programme gave the astronauts primary responsibility for these tasks, the Soviet

designers largely continued their reliance on automatic systems. They believed that
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the reliability and functionality of piloted spacecraft were largely dependent on the

technical characteristics of automatic systems, and they saw the automation of

spacecraft control as a complete replacement of human activity with automatic

devices. The emphasis on automation in the Soviet Union has been ascribed to the

fact that spacecraft were developed by “artillery men” and not by aircraft designers.

The latter would have put emphasis on manual control in analogy with piloting

aircraft while “artillerymen” had no such prejudice . . . In the U.S. spacecraft were

developed by the organizations and companies deeply rooted in aeronautics.

Thus, even though only obliquely related to the functional role of man in space,

the issue of automatic or manual control is interesting to examine also in a political

context. As far as I can remember there was an undertone in reporting about

manned space flights in the 1960s. The strong reliance of manual control by the

U.S. was portrayed as a political statement – freeman navigating freely on theNew

Ocean, in contrast to the passive Soviet cosmonaut carried along by the spiritless

automaton of an oppressive society. Little did we know that the difference in

approach may have had to do with the different technical approach between two

branches of the military industry; artillery and aviation.

2.4.2.4. The human spy-in-the-sky

The manned reconnaissance satellite, an analogy to the observation balloon and

the scouting plane with a photographer in the back seat, had long life. In the U.S.,

theManned Orbiting Laboratory (MOL), and Air Force project to put a manned

spy satellite into orbit replaced the manned boost-glide prototype space plane

Dyna-Soar as the primary mannedmilitary space project in the U.S. However, the

rapid advance of unmanned reconnaissance satellites and the advent of digital

cameras made manned spy satellites less attractive and MOL was cancelled in

1968. However, in the Soviet Union this idea was pursued vigorously and the

Almaz experimental military space station was flown twice during the 1970s to

evaluate the usefulness of “man-in-the-spy-loop”.

In Almaz, man had the role of a “relevance filter”. Instead of taking numerous,

possibly uninteresting pictures of wide swaths of ground, the cosmonauts

would take pictures of targets that they could see themselves through the

viewfinder and they would develop the film on board and examine the pictures

to see which ones were worth sending to earth – a reasonable role for man, one

could say. There were two means of sending the valuable pictures to the ground; a

TV link to the ground with scanned images, and a capsule that would drop the

actual film to the ground. The 20-ton Almaz complex was grandly designed, but

even it proved too cumbersome and lacked cost-effectiveness compared to
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automatic spy satellites that continued to rely on the photographic technique. Exit

man as a spy-in-the-sky.

2.4.3. Man as attendant at a staging point in space

However, the metaphor of space as a new arena for travel was a strong driver for

early space station work, even for ISS. Staging points, like stage-coach stations

where man and beast could recuperate and obtain supplies, were even discussed.

Remember the “Space Operations Center”, Boeing�s concept from the 1980s? It

was envisaged as a fuel depot and parking garage for space tugs that would take

Shuttle-launched payloads to destinations like geostationary orbit or the Moon.

As it turned out, this concept faltered due to the same circumstances that the Space

Shuttle became of a victim of – the cost of unmanned expendable vehicles is lower

than man-rated craft and equally reliable. The manned launching system has not

proven considerably more reliable than the expendable launch vehicle – it seems

that technology in this field has stagnated for 40 years . . . or has it?

2.4.4. The scientist in the field or in the laboratory

The scientist on a field trip is still a strong metaphor that drives our thinking

about what to do next in human space exploration. The scientist in the laboratory

is, of course, the main theme for activities on the Internal Space Station (ISS),

even though the astronauts are mostly kept busy with maintenance tasks.

The first serious scientific tasks carried out by space travelers actually took

place on the last Apollo flight to the Moon in 1972, when the first geologist,

Dr. Harrison Schmitt, got to make the trip. The Skylab space station in

1973–1974 was also a very ambitious attempt to do astronomy and earth

observation from orbit with space travelers as key actors. Perhaps this one of the

few analogies that holds.

2.4.5. The factory worker

This was strong metaphor in the 1970s and 1980s when the microgravity factory

was a major selling point for both the Space Shuttle and the ISS. Undoubtedly,
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important scientific results have been achieved in microgravity, but no large-scale

manufacture of products unique to the space environment has taken place.

2.4.6. Modern analogies for the role of humans in space

Aswe entered the 1980s new analogies were used to describewhat was perceived as

the key roles of humans in space. These analogies were not as bold as those of the

early space age

1. The maintenance worker (trouble-shooter)

2. The construction worker

2.4.6.1. “Cosmic truck driver” and “trouble-shooter”

Clearly, humans are unbeatable as trouble-shooters or maintenance workers on

complex space infrastructures such as Mir, ISS and the Hubble Space Telescope.

Such huge investments are hard to maintain remotely, they need physical

intervention. The Hubble space telescope, an immensely valuable piece of

hardware, is a fascinating case. It was designed to be “man-tended” and use the

basic character of the Space Shuttle. The Space Shuttle, as designed, embodied the

notion of the astronaut as a cosmic truck-driver and tow-truck operator. The re-

usability of the Space Shuttle would provide low-cost space transportation and the

human intervention would ensure successful deployment and repair of valuable

space assets. Dramatic salvage operations in orbit were performed during the first

15 years of Shuttle operation, but reality finally caught up with the unrealistic

estimates of Shuttle launch costs.

What remains of this vision of the role of humans in space as the trouble-

shooters. Hubble is a convincing example of this and the assembly of ISS shows

what people can do when automatic systems fail. What remains to be discussed is,

of course, what is the future of huge future space infrastructures that will need this

kind of human servicing and maintenance?

2.4.6.2. What happened to telepresence?

In this context it is worth remembering a catch-phrase from the 1980s –

“telepresence”, i.e., remotely controlled manipulators with tactile abilities.
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With “virtual reality goggles” earth-bound human operators could perform

tasks that astronauts do. There could be extra crew-members in the shape

of telepresence robots. What happened to “telepresence”? Have you heard of

it lately? Hasn�t technology advanced so much that it is now much more

feasible?

Let me be clear; as I understand it “telepresence” is not pure robotics; it is the

extension of a human presence, a much more capable agent than a robot. Because,

as Robert Zubrin88 has so eloquently said:

“ . . .Two hundred years after Lewis and Clark, there is not a robot on this

planet that you can send to the grocery store to pick up a bag of unbruised

apples. If they can�t do a trip to the grocery store, how can they explore a planet?

How can robots match the intuition, versatility, ingenuity, and common sense

of the human explorer? . . . ”

2.4.7. How is the role of humans affected
by the cost/risk aspect of space flight?

Clearly, with the immense costs of putting people into space, the work that is

entrusted to humans must be high pay-off tasks that can only they can perform.

Complex assembly and trouble-shooting clearly falls into this category. But

what would happen if the transportation costs could be reduced by a factor of,

say, ten or a hundred? The mass penalty, in absolute terms, of carrying people into

space would be reduced, but the relative mass penalty between carrying people or

automatic devices would be the same as before. Nonetheless, a lower transporta-

tion cost might open up the area of space salvage and repair to more human

participation. Space tourism where no “useful” tasks are performed is an obvious

field that could emerge, but the risk of getting killed must be reduced to levels

comparable with that of extreme sports like parachute jumping. But what are the

chances of such radical changes in the basics of space transportation? Slim I�m
afraid.

2.4.8. Conclusion

Let me, as a concluding remark, quote a fellow space cadet David Portree who

argues that we should choose goals for human spaceflight that are relevant to
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people everywhere. In a recent posting on the wonderful Internet Forum Friends

and Partners in Space (FPSPACE), he proposed:

“Discovering life elsewhere, protecting life on Earth – those are relevant goals.”

Let us drop the analogies and concentrate on Mr. Portree�s goals!

87Gerovitch, Slava. “Human-Machine Issues in the Soviet Space Program”. Conference on Critical

Issues in theHistory of Spaceflight. NationalAeronautics and SpaceAdministration (NASA)Office of

External Relations, History Division (NASA SP-2006-4702). Washington, D.C. 2006.
88 Zubrin, Robert. “The Human Explorer”. The New Atlantis 4 (2004): 93–96.
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CHAPTER 3

“SPATIALITY” – SPACE AS A SOURCE
OF INSPIRATION





3.1 Summary
Olivier Francis

Human space exploration has been always part of the dreams of human beings.

This is a challenging adventure that could not be conducted by one nation only. It

will require a planetary effort and an international cooperation. This part is dealing

with the space as a source of inspiration.

The first presentation offers a critical and thorough analysis on how we talk and

write about space. Ulrike Landfester demonstrates through the analysis of a short

text from NASA about their mission that it (in her own words) “carries implicit

historical meanings which gives the Unknown an anthropomorphous shape”. She

is convincing in claiming that the way we talk and write about space is somehow

fictional (we need to be aware of it) and that Humans in space will certainly meet

out there someone completely different from us in all the aspects (knowledge,

learning, body and spirit). She points out the dangers and the remedies.

The second paper by Nicolas Peter reviews the different phases of the space

exploration. Following the increase of space agencies, space exploration is nomore

restricted to a few countries. The ranges of space capabilities are varying with the

countries. It results in an increase of long-term collaborations between nations and

an international coordination of global space exploration. The motives are foreign

policies and technology developments. It also aims to acquire knowledge in hard

sciences as well as in humanities and social sciences.

A few recommendations could be drawn from this part. First, we should not

neglect the key role of the humanities and social sciences in space exploration.

Secondly, this new adventure will be possible only through an international

cooperation including all the active nations in space as well as through a

challenging and inspired international coordination between all the actors.

Finally, our fascination for humans in space comes from our endless curiosity

about our environment. I found this session very instructive; I hope youwill feel the

same. Ultimately, space exploration is our only way out from our dying solar

system, isn�t it?
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3.2 Missing the impossible: how we talk
and write about space
Ulrike Landfester

3.2.1. Introduction

“It�s late at night, and you receive an urgent phone call from the White House.

�The President wants to knowwhywe should continue to put humans in space.He

wants a one-page summary on his desk by tomorrow morning.� What do you

write?”89 These are the opening words of Michael Huang�s article on The Top

Three Reasons for Humans in Space which appeared in The Space Review in April

2005. Huang, who runs the website Spaceflight or Extinction – its title is based on a

quotation from Carl Sagan�s book Pale Blue Dot: A Vision of the Human Future in

Space (1994)90 – may certainly be assumed to be biased strongly in favour of

sending humans to space. This initial question, however, whether intentionally or

not, puts a precisely pointed finger on one of the more problematic issues of

humanity�s urge towards expanding their existence beyond the limits of the planet

Earth: when political and financial stakeholders of spaceflight are to be persuaded

to engage in sending humans to space, they must be presented not only with a

meaningful and transmittable vision but also with arguments which convey and

stabilize its practical viability.

This paper is going to propose the following argument: as the medium in which

both vision and arguments are developed is usually that of written or spoken

language, the product to be presented to its addressee or addressees – in this case

theU.S. president – is structured not only by the facts which it conveys content but

also inevitably by the additional meanings inherent in the terms used. These

meanings are evoked and enforced by the terms� historically grown semantics that

stem from contexts other than the specific issue in question and unavoidably

influence the issue. FollowingMarshal McLuhan�s famous dictum “The medium

is the message”,91 this connotational influx of meanings is a non-negotiable key

element of the medium – language – and as such crucial to themessage �humans in

space�. It is, to put it pointedly, impossible to create discourse without this dialectic

relationship between medium and message. This is especially true in the case of a

message concernedwith something about which we know next to nothing, i.e., the

implications and consequences of humans not only travelling for a short time but
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also actually existing, living, working, reproducing in space. Here, this particular

structural impossibility is reinforced by the discourse�s as of yet uncharted horizon
of reference. Thus, Huang�s question “What do you write?” is a short version of a

whole complex of questions, asking whether the writer knows precisely what he or

she is doing when encoding space in language, when choosing specific words

instead of others, using metaphors or, even more important, conceptual terms

which are colloquially comfortable and seemingly self-evident in their meaning.

However, these terms, in fact carry semantic weight that cannot but cross the

borders of the terms� pragmatic situational content, and in turn influence this

content from beyond these borders, placing it in a context which may enhance or

subvert, but will certainly invest it with more than the terms� literal meaning.

3.2.2. The Motto�s Mission: a case study

Let us take, for example, the motto which can be found on the NASA homepage

under the heading �Mission�: “Themore we know about the universe, themore we

learn about ourselves. From satellites monitoring our planet�s resources to orbiting
observatories monitoring deep space, every NASA mission embodies the spirit of

discovery.”92 This short text carries the semantic weight of at least five concepts

which have, from the purely ontological point of view, just about nothing to do

with the object the motto pertains to – the universe – and everything with the way

historically grown meanings have come to shape our perception of space:

�Knowledge�, �Learning�, �Ourselves�, �Embodiment� and �Spirit�.
An analysis of the historical development of these contexts and of the use they are

put to by theNASAmission statement shows that reflecting on thewayswe talk and

write about space by means of the heuristic instruments used and honed by the

Humanities can make an important contribution to deal with the challenges

presented by the exploration of space. Knowing precisely what we do when we talk

and write about space will enable us to recognize, and consequently, overcome the

limits of our perception of theUnknownOther. In thismanner, crossing the borders

into spacewill not simply repeat the colonization patterns inherent to our traditional

�poetics of discovery� as, for instance, implemented by the developments after the

Great Encounter of 1492 but rather makes it possible and indeed challenges us to

discover alterity as something to be aware of, to respect and to adjust to productively.

3.2.2.1. Knowledge

The concept of knowledge we automatically associate in a context like that of the

NASA motto is one that is or rather understands itself as being based on solid
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scientific evidence, meaning that what we know is something that exists inde-

pendently outside our subjective perceptions. Recent debates, however, have

readjusted the ontological notion of knowledge as something that is already there

and only needs to be retrieved, towards the epistemological notion of knowledge as

something that is produced by sets of practices, mechanisms, and principles,

assembled by structural affinities, necessity, and historical coincidence and

controlled by strategies of perception inherent to their approach to their specific

goal. In short, if we talk about knowledgewe talk aboutways to talk andwrite about

space, conventionalized nowadays in the name of scientific evidence – but this

convention in itself is a historically grown one, which has to be revalidated time and

again.93

To illustrate this it is helpful to look at the way the biblical writings of the Old

Testament, to be precise: the Genesis narrative deals with both terrestrial and

extraterrestrial space, as the knowledge generated by the Bible in this area as in

many other respects shaped scientific thought up to the 18th century when finally

the notion of the Bible transmitting the true voice of God was replaced by the

realisation that it was written by humans. This realisation was instigated and

promoted by the then emerging Humanities in the shape of philological and

historiographical approaches to the text of the Bible which proved that the

inconsistencies of this text were due not to God�s playfully enigmatic encoding

of esoteric truths, but to the human factor – errors as well as creative imagination –

in narrating, writing and translating early Judeo-Christian history.

There are two significant passages on space in the Genesis narrative. The first is

the story of Noah�s ark as related in Gen. 6–8. Having expelled Adam and Eve

from Paradise and decreed the hardship of labour – labour of the land for Adam,

labour of childbirth for Eve – as a suitable penalty for having eaten from the tree of

Knowledge, after some time God finds that the tribes that sprung fromAdam and

Eve have started to enjoy themselves with the promiscuous taking of lovers,

ignoring the strictures placed upon them, and he decides to exhaustively cleanse

the space of his creation from these degenerates. Only Noah is spared and ordered

to build the arc which then becomes the vessel in which God�s living creation –

animals and humans – survive. This vessel, as a closed-in space wholly dependent

on God�s Will, is a symbol for the radically monologue type of knowledge God

wishes to instil in the survivors. It is the knowledge that the whole of the space

created by God�sWord is subject to his authority exclusively, not to be challenged

by human perception or intelligence, and this is the paradigm that dominated the

sciences until early modernity: whatever the scientifically validated evidence

concerning natural phenomena, including them into the space of biblically

generated knowledge made it imperative to bring them into line with God�s
prerogative of givingmeaning to creation, this stricture being so forceful that Isaac
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Newton even in 1706 put forth the idea in his work Optics that the concept of

�space�must be thought of asGod�s sensorium for the relations between all parts of

his creation – even if, in the later editions, he inserted an �as if� into the relevant

passage to put some distance between the dogmatic belief in God�s omnipotence

and his own scientific findings.94

The second narrative referred to, also in Genesis, tells the story of the tower of

Babel. This time, the threat toGod�s order of space is inspired not by humankind�s
frivolous zest for living, but by the desire of Noah�s descendants to create a symbol

for themselves that might represent the unity of mankind: “They said, �Come, let�s
build ourselves a city, and a tower whose top reaches to the sky, and let�s make

ourselves a name, lest we be scattered abroad on the surface of the whole earth.�”95

Yahwe, it is recorded, then “came down to see the city and the tower, which the

children of men built” and was not amused: “Behold, they are one people, and they

have all one language, and this is what they begin to do. Now nothing will be

withheld from them, which they intend to do.”96 The end of the story is well

known – God “confused the language of all earth”97, so the builders should not

understand each other and stop reaching out into a space, which was not for them

to reach out into, it being the privileged space where God Himself dwelt. Of

course this story first and foremost served the purpose of rationalizing the

historical fact that there were different languages spoken among peoples which

the Old Testament claimed to be all of the same origin, but it is nonetheless

significant that this rationalization should be couched in an image which binds

space to language and vice versa, implying that had humankind retained the unity

of language it might have long since reached the sky and become humans

in space.

Fig. 1. Pieter Brueghel the Elder, The Tower of Babel, 1563, Kunsthistorisches Museum, Vienna.
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What these two paradigms shaping themeaning of humans in space havemeant

for the history of science is most clearly illustrated by an effort made by the Jesuit

priest Athanasius Kircher to bring scientific evidence to bear on God�s seemingly

wanton destruction of human achievement. One of the key figures in the process

which on the threshold to modernity strove to reconcile God�s authority with the

emergence of autonomous scientific thought, Kircher in 1679 in his book Turris

Babel did the maths on the Babel tower project and came to the following

conclusion: as the distance between earth and sky was, in his reckoning,

265,380 km, 4.5 million men would have had to put together 400 trillion of bricks

over a time span of 3,400 years tofinish the tower – and by then therewould not only

have been considerable problems of engineering but, much more important, the

weight of the tower would have forced the earth from its place in the middle of the

universe, which in turn would have ultimately destroyed it – so God was fully

justified in stopping the builders, as he only wanted to save the world.98

It was only after Galilei and Kopernikus between proved that the earth and with

it manwas not at the centre of the universe and thus triggered themostmemorable

identity crisis of pre-secularWestern humankind that knowledge, in the course of

the 18th century, started to become something to be gathered and evaluated

unhampered by metaphysical determinism – or at least something that defined

itself as purely scientific in the sense of the word �knowledge� as used byNASA.To

serve this purpose, the concept of knowledge had to shed its connections withwhat

had once been its wellspring, i.e., theology, the Arts and the Humanities: by the

end of the 19th century scientific knowledge had been purified at the cost of losing

sight of the fact that the very mediumwithin and through which it existed, namely

language, however pure the scientific interest, retained, and still retains today, the

potential of historically grown polyvalence, especially when crystallized into

conceptual terms like �knowledge�.

3.2.2.2. Learning

Since theMiddle Ages, learning has first had themeaning of acquiring knowledge

of theHoly Script so as to be able to affirm its content. Then, as alreadymentioned

above, approaching pre-modernity it meant reconciling scientific evidence with

the dominant framework ofChristian dogma. It was only after the aforementioned

identity crisis that a concept of learning began to emerge during the 18th century,

which, coupled with the ascent of reason as the leading category of humanness,

became a technology of self-modelling. This concept is an offspring of European

Enlightenment, when man finally left the idea of himself as a puppet of God

behind and took over responsibility for the shaping of both his own history and
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history as such. However, learning then, in the early modern times, always

encompassed the acquisition of an awareness of the rhetoricity of all knowledge:

public reasoning as promoted by Kant in his famous essay on Enlightenment99

meant not only to be sure of facts but also to be able to configure them according to

a logic of discourse whichwas conscious of itself, of the fact that talking andwriting

were bound to historical patterns of perception which functionedmore like images

than like, for example, mathematical diagrams.

Not long ago, Dan Brown�s novel The Da Vinci Code (2003) gave a concise

resum�e of how learning in theWestern world was and still is bound to whatmay be

called the Image Factor. Centred around the Louvre in Paris as a space where not

only the beauty of culture but also the knowledge about the construction of history

by means of such beauty is stored in thousands of masterpieces, the narrative tells

the story of the deciphering of the da Vinci code as a story of learning how to look

beyond the merely beautiful towards the patterns of thought embedded therein.

What is of interest here is a subtext not immediately evident: inLeonardo daVinci,

Brown chose an artist who, like Kircher, stood at the threshold between pre-

modern affirmative and modern critical learning, and who thus allowed Brown to

Fig. 2. The Apple Macintosh logo.
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show how closely art and science were and still are related to each other. It is not by

mere chance that the process of learning the protagonists go through during the

narrative begins with an artist who was one of the first to construct flying

machines – like, for example, a helicopter as documented by several drawings –

and reaches its climax withNewton�s apple which allows the protagonists to finally
break the cryptex code, Newton being the one to first define space as a physical

reality. And it is equally no mere chance that AppleMacintosh uses the fruit from

the biblical Tree of Knowledge as its logo, bitten into, of course, as the users of

Apple Macintosh computers are thus implicitly advertised as having acquired

superior knowledge avant la lettre by simply buying – according to its promotion –

superior hardware.

This connection, whichmay or may not be a subtle way of product placement in

Brown�s novel, anyway underlines once more the point Brown is trying to make,

i.e., that learning means nothing like an acquisition of fixed meanings but rather

the ability to take their hidden agenda into account, weigh them against each other

and reach the conclusion that, preposterous as Brown�s theory of Jesus having

spawned a genealogical line which is still extant may seem as such, in the age of

spaceflight, which was anticipated by da Vinci and prepared for by Newton, there

may be a lot more to be learned from the arts than meets the eye. Precisely because

their curiosity in the �real world� – and, intrinsically connected with this, the

conditions of what may be termed �reality� and why – stems from the same

wellspring as that of the natural sciences.

3.2.2.3. Ourselves

The notion of man as an indivisible entity, an identity or self, is a product of the

Enlightenment as well and can be found reflected in the early modern notions of

space: it was Ren�e Descartes who first developed the idea of two different, but

coexisting concepts of space, one which manifests itself in the material world

outside the thinking individual – res extensa – and one which exists as the inner

space of thought, the res cogitans, the realm of the thinking individual�s perception
of space. After Newton had scientifically defined this outer space, the Cartesian

idea of the two spaces became the origin of what until well into the 20th century

remained a bone of contention in the debates on space, as this idea opened up the

question of whether man in thought realizes what is ontologically outside him,

space that “is”, or whether man constructed space according to topological

premises, so that space even in its physically evident aspects always remains

bound to man�s topological perception, an effect ratfher than the cause of the

notion of space and thus a projection of ourselves.
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Stanislav Lem in his 1968 novel Solaris quite decisively went for the second

option. The astronaut Kris Kelvin is sent to the planet Solaris to join the crew

stationed there and finds his colleagues housing guests who, as he begins to

realise when these guests are joined by Kelvin�s dead wife, are generated by the

ocean outside the station which is obviously a living thing in its own right and

with its own inexplicable powers. Lem�s novel leaves open whether this ocean

actively reproduces shapes stored in the crew members� memories by telepathic

communication with the human minds or whether the fact that they seem to

recognize these figures is an effect of their emotional projections on creatures

which serve as a kind of imagination-activating screens. The moral of the plot is

that, in Lem�s opinion, humans in space need to be aware that they tend to meet

the Unknown Other by projecting �ourselves� onto or into it, thereby creating

potentially dangerous, even lethal situations for themselves, because they are not

equipped to recognize that this Unknown Other may well be nothing like

�ourselves�, that itmay have neither identity nor sociality, not even something like

what we think of as intelligence; it may neither wish to communicate nor lend

itself to cooperation, it may not even be alive in the sense of the term as we use it.

3.2.2.4. Embodiment

Giving a body to something, which has none yet makes it visible, defines its

location in space. This in itself is nothing new to modernity, as already Aristotle

had argued for a concept of space consisting of bodies in relation to each other –

but where Aristotle had used the term �body� in a purely physical way, meaning

the material extension of any given thing or substance, today the term �body� is
colloquially linked to the human body – also an effect of the 18th century

reshaping the idea of humanity, when the human body began to be recognized –

and one might argue, constructed – as existing in a position where culture and

nature, individuality and sociality interact: free of the Christian determinism

which had decreed all bodily functions, lusts and sicknesses as signs implemented

either byGod or theDevil, emancipated towards the notion of identity and at the

same time normalized and disciplined by an ever tighter growing network of

societal rules, the body became one of the key features of cultural theory, while

the natural sciences began to investigate its physical workings with a vengeance –

up to the point when the borders between the �wet ware� of the human body and

the technology used to heal, mediate and even create it today begin to become

ontologically obsolete.100

To talk of �embodying� nowadays thus carries an ambiguous message, es-

pecially in a context where the question is askedwhether or not to sent humans into
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space: on one hand, �embodying� in the NASA motto may well be read as a

tentative move towards using the human body in space exploration, on the other,

the distinctly indistinct subject of theNASAmissions – there is no �I� or even �we�,
however faintly, to be discerned in the motto, leaving the empty space to be

phantasmatically filled with the amorphous identity of an institution with all its

consolidated political and financial interests – doing the embodying might just

as well cancel this possibility, as there seems no such thing like a human body to be

sent.

Said ambivalence is an intrinsic part of the choice of words manifest in the

NASA motto, and it shows up the danger inherent to the idea of embodying, as

Lem diagnosed it in Solaris: whether human body or physical body in the

Aristotelian sense, giving something a body in any case means defining a shape

for it which in turn fixates its content. A typical example for this is the well-known

phenomenon of the man in the moon: the need to fix a shape seems to be an

overwhelming one, decorative in its effects, but also prone to shuttering our

perception towards other possibilities, including that of shapelessness, of unbodi-

ness – which might well be what we encounter in space if we should indeed ever

meet other forms of life.

Fig. 3. The Man in the Moon (source: www.planetfusion.co.uk).
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3.2.2.5. Spirit

At the beginning of theGenesis narrative it isGod�s Spirit that is hovering over the
waters prior to, by God�s word, becoming embodied in all the floral and faunal

creatures due to inhabit the newly minted world. And, of course, it is the Spirit

which later, in the Gospels, plays a major role in the mediation between God and

humankind, even revising the Babel verdict by countering the multi-lingualism of

God�s people by giving the Apostles the ability to speak each and every language in
the world during the Pentecost miracle. Again, the meaning of the word �spirit�
leans towards a progredient secularisation during the 18th century, when its

religious implications are superseded by the inherently moral intellectuality of

Enlightened man – but still, more than the other concepts, the term �spirit�
retained its biblical sense, at least in part, investing the idea of discovery here with

the charisma of a God-given will to know for knowledge�s sake.
This charisma, however, with the beginning of human space exploration has

been invested with a particular kind of doubt, i.e., that of whether spirituality as

established by religion and intellectually and morally reconfigured by Enlighten-

ment will bear the strain of crossing the borders into space. The answer, which Roy

Bradbury gives to this question in his 1951 short story collection The Illustrated

Man is an emphatic �no�. The following is an extract from the second of these

stories, entitled Kaleidoscope. A spaceship has exploded on collision with a meteor,

and its crewhas been “thrown into space like a dozen silver fish” in their space suits.

As they float apart from each other, radio transmission between them becomes

weaker and weaker, until there is nothing but silence: “The many good-byes. The

short farewells. And now the great loose brain was disintegrating. The compo-

nents of the brain which had worked so beautifully and efficiently in the skull case

of the rocket ship firing through space were dying one by one; the meaning of their

life together was falling apart. And as a body dies when the brain ceases

functioning, the spirit of the ship [. . .] was dying. [. . .] The voices faded and

now all of space was silent. [. . .] They were all alone. Their voices had died like

echoes of the words of God spoken and vibrating in the starred deep. [. . .] the

shards of the kaleidoscope that had formed a thinking pattern for so long, [was]

hurled apart.”101

Of course, this is a literary text, and its use ofmetaphors to create an artefact is so

obvious that there is no reason at all to consider the answer which Bradbury gives

binding – but just along the same lines the evocation of the spirit in the NASA

motto in its content is fragile at best,maintaining an integrity of the concept �spirit�
which has been developed under historical conditions that did not take the crossing

of humans into space into account. This is why this passage metaphorically

connects the �spirit� with the metaphor of the kaleidoscope: encountering the
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Other in space, even if it this means �only� encountering virtual spatial endlessness,
may, perhaps even must, mean the shattering of thinking patterns like that of the

name of �spirit�.

3.2.3. Conclusions

What the NASA motto gives to its readers is what Richard Geertz would have

called a “thick description”102 of space exploration – a description which is deeply

imbedded in cultural contexts which of themselves are not explicitly named but

implicitly drawn upon to make space exploration �visible�. What becomes visible

too is that �the universe� as depicted by this �thick description� is biased with

atopological rather than ontological angle: the five concepts mentioned in the

motto together constitute nothing less than a comprehensive topology of the

discourse on humanity during the last centuries, extrapolating from these topoi a

universe which is a priori anthropomorphous. Talking and writing about space

using the semantic means offered by language in all the contextual and historical

ramifications of connoted meanings must thus be seen as a process of constructing

our object – as something which shows us first and foremost ourselves as we are,

and so also shows us that we cannot see anything else but what we can see, what we

are equipped to see, both technologically and epistemologically.

My analysis neither laments nor denounces the essentially narcissistic quality of

our perception of space or the not less significant colonizing attitude towards the

Other which springs from it. It is a mere banality to state that a medium as

developed by humans, as language undoubtedly is, is at all levels structured to

mirror and feed back into the identity of the species whose physical and mental

abilities provide the condition of its existence. It might, however, be interesting to

know whether whoever authored the NASA motto was fully aware of what he or

she was doing in drawing on the subtexts and semantic reservoirs of meaning

adherent to the terminology he or she employed, as the ad hoc of the medium, as

opposed to its historical emergence, is indisputably amatter of choice: if the author

knewwhat he or she was doing, this wouldmean that the employment of those five

concepts was strategically used to ensure an uncritical identification with the

agenda of NASAmissions into space, considering that said agenda are coached in

the immediately recognizable conceptual pillars of human identity on Earth. If, on

the other hand, the author drew on this recognizability because he or she simply

judged the terms employed as conveniently covering the issues concerned in a less-

than-complex way suitable to the intellectual abilities of the average consumer, this

would argue for an uncritically affirmative anthropomorphous projectionism. The

latter might induce some doubts as to the institution�s critical potential necessary
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for a responsible stance towards the issue concerned, while the former argues for an

in-depth knowledge of human susceptibility for well-staged manipulation tactics

and thus falls under the heading of public relation functionaries� strategic cynicism,

inviting and cementing trust in NASA�s professionalism.

The point of this sketchy excursion into what has long since been renounced by

cultural studies as the �author�s intention� is not that of ideological polemics but

rather that of emphasizing that the conscious knowledge of the fact that we do not

really know precisely what we talk or write about when wemean �humans in space�
can be used productively in dealings with phenomena �out there�, from the mental

and emotional impact of long-term existence of humans in, say, colonies onMars

to the possible contact with non-human life. In the case of the NASAmotto, if we

adhere to the notion that its author knew precisely what he or she was about, this

productive use is documented in the supremely well-staged invitation to bring our

own notion of humanity to bear on our perception of the Other and thus stabilize

our will to expand into space along familiar lines, rather than becoming prey to

fears of what incalculable forces might sabotage our progress. These fears, as we

know so little, being out of necessity no less irrational than the assumption of an

altogether anthropomorphous universe.

This leads me to my final resume of my thesis: missing the fact that it is

impossible to construct anything like an accurate image of �the universe� means,

first and foremost, missing the chance inherent in the knowledge of this very

impossibility. The Humanities have been long since aware of the problems

connected with the limits, patterns and self-reproducing conceptionalizations of

our perception. They do not offer any standard recipe for dealing with those

problems. On the contrary, they make us aware that it is precisely the notion of

standard recipes which make us vulnerable. What may be and indeed must be

gained from employing the humanities in the development of the world-wide

project �Humans in Space� is the development of a double-edged awareness of the

problem: first, the awareness of that how we talk and write about space always has

an artificial, even fictionalizing dimensionwhichwe cannot avoid – but that we can

certainly avoid not taking this into account; second, the awareness that what we

may meet out there cannot be a priori presumed to be anything like ourselves,

neither in knowledge or learning, in body or spirit.

The consequence of this line of thought is that when we design a one-page

summary on the reasons for sending humans into space for the U.S. president, we

need to make a case not only for the probability of surmounting the financial and

technological limits which yet keep humanity from existing in space, but also for

the awareness that the distance between humanity and the Unknown Out There

can only be breached by what Homi Bhabha called “the borderline work of

culture”:103 whatever happens when humans leave Earth to live and work in outer

3.2 Missing the impossible: how we talk and write about space

105



space will happen not within what our historically grown notion of humanity has

come to treat as a given framework, but between this framework and potentially

wholly different others, including both the challenges of a new environment with

the ensuing necessity of redefining humanity itself and the (however yet improba-

ble) contact with other forms of life. The awareness of this may in time well prove

to be the crucial asset of humanity and, by methodological inference, of Humani-

ties in Outer Space.
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3.3 Towards a new inspiring era
of collaborative space exploration
Nicolas Peter

3.3.1. Introduction

In recent years, space exploration has topped the agenda of most space-faring

countries. This interest in solar system exploration can be illustrated by the

development of the U.S. Vision for Space Exploration, the European Space

Agency (ESA) Aurora programme, as well as robotic exploration missions under

development in India, China, Japan and Russia. This is completed by the fact that

there is now a new context in space affairs resulting from a new international

landscape after the end of the Cold War that has opened an opportunity for the

definition of a new framework for international relations in space. Furthermore,

recent geopolitical developments, combined with the funding constraints of the

various space-faring countries, have made it clear that greater international

cooperation will be important for major future space activities. This is particularly

true for a long-term space exploration programmedue to the increasing complexity

of suchmissions. However, just as important as the destination, the journey, when

done as an international cooperative effort, will be able to inspire and motivate a

wide international community to backmankind�s next grand challenge and open a
new phase of space exploration.

3.3.2. How are current space exploration plans
different from earlier space endeavours?

The history of space exploration can be structured in four phases, each having

distinct features and characteristics as illustrated in Figure 4.

The first phase of space exploration corresponds to the “Proto-space Age” during

which major advancements in the field of rocketry and astronautics were made

before the SecondWorldWar under the leadership of visionary individuals such as

the AmericanGoddard, theGermanOberth and the Soviet Tsiolkovsky (Figure 4).

The second phase of space exploration or “Space Exploration 1.0” took place

during the Cold War from the late 1950s to the late 1980s (Figure 4). For more
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than three decades, space was viewed as one of the areas for peaceful Cold War

competition between the United States and the U.S.S.R. as a substitute for armed

conflict. Space exploration in this periodwas an emblematic element in this rivalry,

as illustrated by the number of exploration missions (Figure 5). But, in the context

of the “space race”, international cooperation was central to the two space powers�
political strategy for similar reasons (demonstrating leadership ability and tech-

nological capabilities). Therefore, “intra-bloc” cooperation was the norm.104 The

  

Fig. 5. Number of space exploration missions over time (source: Nicolas Peter).

Fig. 4. Classification of space exploration era (source: Nicolas Peter).
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first phase of space exploration was driven by Cold War rivalry with cooperation

extended to political allies of the two principal space powers. During this era space

exploration was thus limited to a small number of international science missions

consisting of in-kind contribution and ad-hoc coordination mechanisms (i.e.,

1975 Apollo–Soyuz Test Project).105

The third phase of space exploration, or “Space exploration 2.0” started in the

1990s as a result of the changing space context in the post-ColdWar era (Figure 4).

The ColdWar and its East versusWest political environment had evolved from a

bipolar space world dominated by the United States and the U.S.S.R. into a

multipolar world characterized by the rise of many new actors with increasing

technical capabilities, such as Europe through the ESA and other national space

agencies like that of Japan.106 This period can, moreover, be characterized by an

internationalization of space activities inwhich the number of space agencies in the

world has been steadily rising since the 1990s and reached 36 in 2005 (Figure 6).107

This multiplication of space agencies in the post-Cold War context is also

completed by an emerging globalization of the space actors, with space agencies

now scattered all over the world, as they are not only limited to the “North” with

new institutions being created on all continents.108

This growing number of countries with varying ranges of space capabilities is

leading to an increase in the options for cooperation. As a result of this changing

geopolitical space context, bilateral and multilateral agreements between agencies

have been growing, particularly in space sciences (Figure 7). This is obviously

resulting in a growing pool of potential partners for international space exploration

cooperation initiatives.

In this context, at the difference of the second phase of space exploration (Space

Exploration 1.0), the third phase of space exploration (Space Exploration 2.0) has

seen an increasing number of space agencies being involved in space exploration

missions (Figure 8).

Fig. 6. Evolution of the number of national civilian space agencies over time (does not include multinational

space agencies)108 (source: Nicolas Peter).
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Fig. 7. Cooperation in space sciences among major space agencies between 1992 and 2004109 (source: Nicolas

Peter).

Fig. 8. Space agencies involved in the two phases of space exploration (source: Nicolas Peter).
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The changing geopolitics of space activities is completed by the increasing

experience of long-term cooperation in space exploration activities, and in

particular the International Space Station (ISS) experience where the research

facility currently being assembled in space is a joint project of the United States

(NASA), Russia (Roskosmos), Japan (JAXA), Canada (CSA) and Europe

(ESA).

As already mentioned, all of the major space-faring countries have launched

space exploration missions in recent years and have shown different degrees of

interest in solar system exploration. Many robotic missions are already planned or

Fig. 9. Planned lunar missions (in italic tentative missions) (Source: Nicolas Peter).
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underway. For instance, following the footsteps of ESA�s SMART-1 (Small

Missions for Advanced Research in Technology-1) orbiter, a fleet of automated

spacecraft are currently being dispatched to the moon by China and Japan and will

soon be joined by the United States and India (Figure 9). At the same time, several

robotic spacecraft will also be sent to Mars and other planets in the solar system.

The recent catalyst for this movement is President George W. Bush�s bold
redirection of the U.S. civilian space programme to pursue the exploration of the

Moon,Mars and the “worlds beyond”.111Consequently, since the proclamation of

President Bush�s Vision for Space Exploration in 2004, NASA�s activities have
been driven by the goal to return humans to theMoon before 2020. However, the

new U.S. space exploration policy also seeks to “promote international and

commercial participation in space exploration to further U.S. scientific, security,

and economic interests” and invites “other nations to share the challenge and

opportunities of this new era of discovery”.112 In this context, following the

reorientation of the major civilian space agency in the World, NASA, in the four

years since the announcement of the U.S. Vision for Space Exploration, many

countries have expressed an interest in collaborative exploration programmes.

Informal discussions on goals, capabilities, and timelines for future space explo-

ration, particularly focusing on the moon have taken place among major space

agencies illustrating the paradigm shift in space exploration whereby international

cooperation is becoming central to any long-term space exploration strategy.

In particular, as a result of thework between representatives of 14 space agencies,

which have met four times since August 2006, on 31May 2007, at the third ESA/

ASI workshop on “International Cooperation for Sustainable Space Exploration”,

a 25-page report “Global Exploration Strategy – The Framework for Coop-

eration” was released as the first product of an international coordination process

among those agencies.113 From this document, the international definition of

space exploration may be read as “a global, societal project driven by the goal to

extend human presence in Earth–Moon–Mars space” with the five explorations

goals being: human missions to near Earth orbits, robotic and human exploration

of the moon, human missions to liberation points of the Earth–moon and

Earth–sun systems; robotic (and human) exploration of near-Earth objects

(NEOs); robotic and human exploration of Mars. The document also discusses

the rationale for society to explore space based around five major themes: new

knowledge in science and technology, sustained presence – extending human

frontiers, economic expansion, a global partnership, and inspiration and educa-

tion. Therefore, the May 2007 document illustrates the awareness of the value of

space exploration as a global, societal project. The joint document is also supported

by a large database of possible exploration objectives spanning the whole spectrum

from hard sciences to economics and social benefits.
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The “Global Exploration Strategy” develops also the case for globally coordi-

nated space exploration and investigates, among others things, a framework for the

future coordination of global space exploration. It recognizes that “Sustainable

space exploration is a challenge that no one nation can do on its own.We are now

entering a new wave of space exploration, one of historic significance. The United

States has developed itsVision forExploration, theEuropean SpaceAgency has its

Aurora space exploration programme. China, India, Japan and Russia have

ambitious national projects to explore the Moon or Mars, while future national

missions are being discussed in Canada, Germany, Italy, Republic of Korea and

the United Kingdom”.114 This strategy is designed to introduce minimum

standards of interoperability to facilitate cooperation, while permitting individual

countries to pursue their own national strategies. Following the adoption of those

aforementioned basic principles, the 14 signatory agencies set as the next step the

creation of a “Coordination Mechanism” in the form of a semi-permanent body

aiming to coordinate further steps in harmonizing the exploration effort. The

formal establishment of an “International Space Exploration Coordination

Group” for steering the further implementation of the international coordination

process, with the terms of reference has been agreed at the level of the directors of

participating space agencies. This group aims therefore to facilitate the exchange of

information on space exploration plans.

While new space agencies plans are currently underway, we are however at the

verge of transitioning to a new space exploration era or “Space Exploration 3.0”

that will be an era of participatory human exploration (Figure 4). This new phase of

space exploration resulting form an organic evolution will involve unlike the

previous two space exploration era (Space Exploration 1.0 and 2.0) not only states

through their space agencies, but also industries, universities and others non-

governmental organizations. While other initiatives were primarily driven by

foreign policies motives and technology development purposes, this new adven-

ture will be driven primarily by a quest for knowledge, involving not only the hard

sciences but also the Humanities and Social Sciences. Economic potential for

space exploration will also increasingly become a driver for long-term plans,

because until now space exploration has driven and funded largely by governmental

actors. This is already beginning to change as entrepreneurs start to play a

significant role in the utilization of space especially through a series of U.S. led

entrepreneurs� initiatives such as the Google Lunar X Prize presented in

September 2007. The X Prize Foundation and Google Inc. announced a new

cash prize competition aiming to start a commercial race to the moon with

30million U.S. dollars in incentives. The goal of the new prize is to land a privately

funded robotic rover on the moon that is capable of completing several mission

objectives, such as roaming the lunar surface to a distance of at least 500m and
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transferring a set of specific video and images back to Earth. This initiative aims

thus to open a new era of lunar exploration and to extend the economic sphere to

themoon by harnessing the existing untapped innovative power around the world.

Following such an initiative, it is thus likely that private enterprise will play an ever-

increasing role in future exploration programmes. This future expansion of

entrepreneurial activities into space is of particular importance, because it will

offer a broad range of new opportunities and contribute to enhancing the

sustainability of space exploration plans and programmes.

3.3.3. Benefits of international cooperation

As aforementioned, since the pioneering of space activities in the late 1950s,

international cooperation115 has been a central element of the strategy of most

countries involved in space activities including space exploration. International

cooperation had been used to expand not only their technical and scientific

capabilities of countries, but also their political ties. For instance, during the

second phase of space exploration (Space Exploration 1.0), cooperation was used

to expand political influence over allies from the two superpowers respective blocs.

In the current geopolitical context, the arguments in favour of cooperation have not

changed fundamentally since the dawn of the “Space Age” they are still a

combination of scientific, economic, political and security motives.

The benefits of international cooperation are numerous and well documented.

Among others, they include improving capability, sharing costs and building com-

mon interests and increasing the total level of available resources, eliminating the

duplication of efforts, and improving international relationships.116 International

cooperation in space activities allows rationalizing and optimizing resources and

mounting missions that would otherwise not be possible. It is therefore generally

conceded that international cooperation expands the scope of programmes beyond

the individual participants� capabilities by tapping into the resources of multiple

countries andenlarges the spectrumofpossiblemissions.This expansionof resources

made available through cooperation is not only just financial, but also scientific and

technological. International cooperation enhances also domestic legitimacy to space

projects and gives them internationally credibility and makes them also less

vulnerable to cancellation due to domestic political or financial problems.117 It is

now an integral part of the space policy and strategy of the different space agencies

around the world and countries do no longer initiate or carry out a significant space

programmes without some element of foreign participation. International coopera-

tion can therefore be seen as a critical enabler and one of the building blocks for any

long-term space activities, and, in particular, exploration activities.
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3.3.4. Metaprinciples for space exploration

While international cooperation is seen as a critical enabler for space exploration

plans, it also carries risks. For instance, it is recognized that international

cooperation adds layers of complexity to the design and management of pro-

grammes, and also affects successful budget and schedule performance. Further-

more, states generally cooperate when it benefits their self-interests and therefore,

partners may be pursuing common programmatic goals, but for different reasons,

as each partner�s space programme exists within its own political environment.118

In this context, since not all countries regard international cooperation equally and

pursue collaborative endeavours for the same motives, enduring space exploration

architectures require, as underlined by Correll and Peter, that metaprinciples for

international exploration programmes be followed. In particular, to be successful a

long-term space exploration programme will need to encompass the following

series of major metaprinciples:

* Any long-term space exploration programme will need to rely on an open-

systems approach providing flexibility to leverage cooperative opportunities.

The most well-known example of open-systems architecture is the Internet.
* Space exploration programmes will need to be robust to sustain any potential

failure that may arise.
* The explorationplanwill need tobe affordable andadequatelyfinancially planned.
* Any long-term space exploration endeavour will have also to be visible to be

sustainable. The exploration strategy therefore needs to be multifaceted and

inspirational to involve a broad stakeholder community. Long-term exploration

programmes will thus need to consist of a mix of robotic and humanmissions to

be successful. This will allow covering a wide range of interests from the

excitement of human spaceflight to the quick pace of robotic spacecraft for

technological and scientific purposes.
* Following the likelihood of the changing geopolitical future, any long-term

exploration programme will need to rely on international partnerships as no one

has the means to do it alone. Therefore, international cooperation must become

an anchor of any long-term strategy.

3.3.5. Inspirational potential of international
cooperation

Space exploration encompasses a complex set of activities and offers opportunities

for broad international engagement and participation. Sustained human missions
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beyond low Earth orbit will not be possible with the resources of a single country.

Moreover, because of the multiplication of space-faring countries and newcomers

in space with increasing capabilities, there is a growing number of possibilities for

cooperation. Space agencies around the world are now looking to a variety of

partners as they plan their future endeavours. There will thus inevitably be

opportunities for many other countries to make major contributions to a global

programme. Future space exploration endeavours will therefore involve significant

collaboration between space-faring countries, but also with newcomers.

In today�s timeof globalization and rapidly shifting international relationships it is

essential that various countries unite towards a grand andpeaceful goal. International

cooperation in space exploration represent one of the most efficient and visible ways

of affirming a willingness to cooperate with others. Space exploration, and human

spaceflight, have been used from the onset by the superpowers as a means of

impressing the world. Thus such high profile activities represent one of the most

efficient and visible ways of affirming an assertive global position in a peaceful

manner and demonstrating a willingness to cooperate with other countries.

Curiosity about what other worlds are like inspires public interest in space

exploration. Questions about the nature and the origins of life have fascinated all

cultures throughout history, and mankind is now embarking to an Odyssey that

ultimately will be able to fulfil these elements. However, while space exploration

and human spaceflight are the most emblematic aspects of the space endeavour,

they remain far removed from the public�s everyday consciousness. It is therefore
necessary to raise the general public level of interest in space exploration and to

foster the exploration culture across generations and nurture public constituencies

for long-term space exploration. Any of such endeavours will motivate the public,

but if done in international cooperation, it can also unite humanity. International

cooperation will therefore be crucial in this regard. Space exploration (particularly

human space exploration) is a source of inspiration permitting to foster excitement

and encourage discovery in a cooperative and international fashion. It will allow

assembling humanity behind a peaceful goal and will facilitate increasing the level

of international involvement in space exploration ventures.

Space exploration could thus inspire countries to work together for a common

purpose. However, future endeavours will not only be restricted to current space-

faring countries because they will transcend all disciplines and not only consist of

scientific and technological-related activities. It will therefore offer new possibili-

ties of involvement even for currently non-space-faring countries. Every country is

likely to be involved in any long-term human space exploration efforts, since this

will attempt to establish an enduring human presence in the solar system.

Therefore, as the U.S., Europe and other countries embark on new explorations

plans and programmes, they should lay the foundations and establish precedents
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that invite a host of participants and followers, because one of the major benefits of

those exploration endeavours more than the destination and related discoveries

will be the journey itself, as international cooperation will allow fostering broad

public support across countries. Thus, irrespective of the destination, each journey

has the potential to capture the imagination of the general public and inspire future

generations of scientists and engineers.

International partnerships will enable countries to develop a common under-

standing of their respective interests, to share lessons learned and demonstrate

goodwill. International space exploration initiatives will thus allow increasing

cultural awareness and improved amity and fraternalism, therefore providing

direct Earthly benefits.

3.3.6. Conclusions

Since the announcement of the U.S. Vision for Space exploration in 2004, space

exploration has become again, like, in theColdWar amajor element of the strategy

and plans of major space-faring countries. However, unlike the earlier period, the

post-ColdWar context is undergoing a rapid evolution with a growing number of

new actors considering and engaging in space exploration activities. However, all

the existing and emerging space powers have made the decision to engage in space

exploration,mainly robotic missions, while human exploration is a central element

of the exploration plans of major space powers due principally to its emblematic

nature.

Throughout its existence, mankind has been driven by a desire and a drive to

explore. Space exploration beyond Earth orbits will thus definitively be one of the

challenges of the 21st century. It will allow humanity to assemble behind a peaceful

goal since space exploration is mankind�s next grand challenge. Humanity is

therefore on the threshold of stepping off into space for a uniqueOdyssey thatmay

lead to the discovery and exploration of new worlds, because as Konstantin

Tsiolkovsky said “The Earth is the cradle of humanity, but mankind cannot stay

in the cradle forever.”119 However, to ensure the sustainability of a long-term

exploration plan is the necessity to inspire a broad constituency base. And, this

should be done at two levels: “intra-countries” to foster broad public engagement

and “inter-countries” as any long-term exploration programme is currently beyond

the capabilities of any individual country. International cooperation will therefore

be crucial. However, becausemajor societal and political changes will undoubtedly

take place in the course of any long-term space exploration,metaprinciples for space

exploration should be followed. These include architectural openness and flexi-

bility, visibility and affordability. Moreover, while sciences lie at the core of space
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exploration, public support is a vital metaprinciple to ensure the viability of long-

term exploration plans and international cooperation is an area that particularly

appeals to the general public.

It is also of paramount importance not to oppose a utilitarian and exploratory

vision since the future of space will be a utilitarian exploration. It is thus expected

that the future of space exploration will evolve into a fourth phase of space

exploration, the so-called “Space Exploration 3.0”, that will be international,

human centric, trans-disciplinary and participatory, and will provide an opportu-

nity to inspire,motivate and involve an ever increasing number of countries. Unlike

the previous two space exploration periods, it will involve not only states and space

agencies, but also industries, universities and other non-governmental organiza-

tions. This adventure will be driven primarily by a quest for knowledge, involving

not only the hard sciences but also the Humanities and Social Sciences, as well as

by economic potential, thus increasing the possibilities to include a variety of space

actors, even emerging ones.
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CHAPTER 4

FIRST ODYSSEY:
HUMANS IN EARTH ORBIT:

WHAT EFFECT DOES IT HAVE?





4.1 Summary
Marcel Egli

Let us leave for the first odyssey, breaking terrestrial boundaries and explore

Earth�sOrbit. This is not an extraordinary task anymore and a few hundred people

(astronauts, cosmonauts, taikonauts, etc.) already had the privilege to go there.

Currently, we are on the brink of having commercial transportations available for

ordinary people who wish to experience the breathtaking view of Earth from an

altitude of at least 100 km and to feel the effect of microgravity. With such

travelling possibilities in view, there will be far more people in the near future who

will be able to report on the sensation of being inEarth�sOrbit. Due to the fact that

trips to Low Earth Orbit (LEO) are carried out regularly by the major space

agencies, this first odyssey gives a reflection on the experiences gained so far in

order to pave the way for the next journeys heading for outer space, where no

human being has ever been before.
As spectacular manned space missions are, the roots of space flights are less

glamorous. The first modern rockets were designed and built by armed forces in

order to gain advantages in combat. After the war, that technology was further

developed, drivenmainly by the race between the two superpower nationsU.S. and

Russia for dominance in space. A particular impulse for the U.S. space program

was the “Sputnik shock”. In response to that event, President John F. Kennedy

announced in 1961 an ambitious space program to send humans to the Moon

within a decade. Indeed,U.S. astronaut Neil Armstrong became the firstmanwho

walked on the Moon nine years later.

In the past, brave adventurers were driven to travel to the unknown in prospect

of glory, honour and prosperity for their sponsors. Similarly, space travels were

chiefly undertaken for demonstration of technical predominance and power. The

Apollo program impressively underscored the leading status of the U.S. technolo-

gies at that time. Today, the technological advantage of the U.S. is less prevailing

and nations are cooperating together on space programs. The driving forces of the

past have disappeared. Nevertheless, new goals for manned spaceflights have been

set. The declared long-term aim of several space agencies is to return to theMoon

and even visitingMars, after completion of the International Space Station (ISS).

Space activities inEarthOrbit are the stepping stone for space exploration, starting

with flights to theMoon and the erection of human settlements. All the experience

gathered with LEO space activities like maintaining the permanently manned
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space station ISS, are critical for the successful operation of future human

spaceflights.

ESA astronautClaudeNicollier introduces us to aspects of LEOactivities “with

the eyes of an astronaut”. He was a member of the first group of ESA astronauts

selected in 1978. Shortly after, he joined Group9 of NASA astronauts for Space

Shuttle training at Johnson Space Center in Houston, Texas. During four Space

Shuttle missions (STS-46, STS-61, STS-75, and STS-103), he spent more than

1000 hours in space including a spacewalk of more than 8 hours. His explanations

make clear that it is possible to perform technically demanding tasks in space,

already now and there should be no hesitation in going further for what technology

is concerned. However, there are clear limits for a fragile human body in space and

he stresses the importance of robotics for a successful human exploitation of space.

But probably the most impressive experience for an astronaut in Earth Orbit is the

absence of national boundaries. Regardless of the nationality, culture, and political

background, multicultural teams of astronauts are working together nowadays to

successfully complete the mission. The quintessence of Claude Nicollier�s contri-
bution is that human space flight is the discipline of choice to bring people

together. Let us hope that the manned space program serves as a paradigm to

demonstrate how people from different cultures can live and work together.

Space flight programs are ultimately linked to the latest technological achieve-

ments and often trigger inventions which might find the way to our modern life

(e.g. telecommunication). Richard Tremayne-Smith, an expert in space engineer-

ing from the British National Space Centre points out in his chapter that in

Fig. 1. Camille Flammarion, L�Atmosphere: M�et�eorologie Populaire (Paris, 1888) (source: Wikimedia).
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manned space missions, technology defines the limitations but at the same time

also represents the enabling capability for space exploration. Therefore, all efforts

need to focus onbreaking limits which then automatically lead to new inventions.

This, in turn, is a warrant of technological progress and economical growth on

Earth.

However, technological development needs to take into consideration other

factors. Gabriella Cortellessa from the National Research Council of Italy,

Institute for Cognitive Science and Technology, advises in her contribution that

care must be taken in designing potentially overwhelming technologies. A certain

degree of freedom needs to be maintained in order to allow man and machine to

cooperate. Her approach is that the interaction between intelligent technologies

and humans in space should be a form of collaboration rather than a master–slave

interaction or completely technology driven.

Not only will the technological aspect of our first odyssey bring us to the

frontiers of our daily life but also to the frontier of legal affairs. The construction of

an international space station was and still is an ambitious undertaking which

created may novel situations. In the past, manned space activities were of relatively

short duration and often conducted by one nation only. Therefore, only a few legal

agreements had to be put in place. But with the building of a permanently manned

station operated by international teams, new legal rules and contracts had to be

negotiated. Frans G. von der Dunk from the International Institute of Air and

Space Law, LeidenUniversity, Faculty of Law explains in his chapter the historical

background of the legal basis on which the space activity is based on and discusses

the implementation of these rules on the example of ISS.

The insights of these four experts introduce us to various aspects of space

activities inEarthOrbit.Most of it is based on the experiences accumulated during

almost 50 years of the human spaceflight program.Nevertheless, these experiences

are very important in shaping future space missions which will bring humans to

outer space.

4.1 Summary

123



4.2 With the eyes of an astronaut
Claude Nicollier

4.2.1. The discovery

Humans have ventured into space formany different reasons since the firstflight of

Yuri Gagarin on April 12, 1961: Human spaceflight has changed from a way to

demonstrate power and capabilities in the Cold War climate of the 1960s, it has

now turned into a tool for science, technical development. It is a demonstration of

our capability to adapt and be highly productive in an environment totally unlike

the one life has evolved in for billions of years on the surface of theEarth.Not that a

spirit of competition is totally absent from the much larger set of players than

before, but solid partnerships have been created, without displacing factors such as

prestige, national pride, and symbolism which, as we may expect, will always

accompany such undertakings.

Despite the basically non-scientific nature of the Apollo Programme, what

we have learned about the composition and history of our celestial neighbor

from the six missions that reached the surface of the moon has been very

valuable. What is more, it has certainly triggered the interest in using humans

in space to expand the boundaries of knowledge in many areas, including

space physics, astronomy, material science, biology, and physiology. All subse-

quent human space missions were restricted to low Earth orbit, culminating

in the International Space Station program (ISS). These missions, using the

Shuttle and Soyuz as transportation vectors, have definitely demonstrated

that humans can live and work in space for months without any demonstrated

negative health effects, provided they adhere to a strict physical exercise

protocol while on orbit.

The Hubble Space Telescope (HST) servicing missions (four up to 2007)

and the ISS Assembly missions have established the effective use of a combination

of spacecraft-based robotics and extravehicular activity for the installation,

removal or exchange of sometimes large replaceable units on a spacecraft,

and sometimes for fine work requiring dexterous handling with the help of

specially designed tools. This is not a small achievement, and is an important

demonstration in view of future human exploration-type missions in the Solar

System.
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4.2.2. The view from above

On two occasions, I have had the privilege of being a crewmember on an HST

servicingmission (SM-1 and SM-3A).The perfect combination of remote control

from the ground (for normal scientific operations) and human interventions on-

orbit (for repair, servicing and/or improvements) ensured the extremely successful

completion of the programme. Shuttle-based servicing missions have allowed the

correction, in two instances, of the loss of essential telescope capabilities (optical

resolution in 1993, attitude control in 1999). Automatic and robotic functions

alonewould never have achievedwhat has been done thus far withHST, and this is

an important lesson for the future. Not that it always will be possible to afford the

luxury of human spacecraft-based servicing, but, whenever it is feasible, this

approach will provide us with a lot of options, flexibility, and the capability for

correction or even recovery from critical failures (Figure 2).

It is well known that views of the Earth and of the starry nights are very

spectacular from a Low Earth Orbit. Although more a background than a subject

of close attention during busy times on-orbit involving robotics and/or spacewalks,

the Earth�s surface and atmospheric phenomena receive a lot of attention and

Fig. 2. Exchange of three Rate Sensor Units (RSUs) on HST, or HST SM-3A, December 1999 (source:

NASA Picture).
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recordings on digital cameras during quiet times on the Shuttle and the ISS.Most

impressive are the large-scale geological features like the Sahara desert, the

Himalaya mountain range and the Andes (Figure 3). The rapid succession of

day and night, the beautiful lighting at every transition, the amazing spread of

thunderstorm areas in the equatorial regions, the auroras, zodiacal light and the

Milky Way, are unforgettable and are a substantial addition to the dimension of

each expedition to Low Earth Orbit.

4.2.3. Where do we go next?

In the near future, Human Spaceflight will continue to develop along the lines of

current programs – completion of ISS assembly and its exploitation (Figure 4),

another HST servicing mission. A clear change will come about around the end of

the next decade when the U.S. returns to the Moon, hopefully with some

Fig. 3. Himalaya mountain range from 300 km altitude, STS-75 (source: NASA Picture).
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cooperation with all or at least a fraction of the ISS partners.We can also count on

advances in the field of human spaceflight by nations like China and India later.

Hopefully, close cooperation between all of these nations will eventually become

established.

Human spaceflight is a discipline of choice for bringing people together in an

effort to expand the boundaries of knowledge. It is my sincere wish that Europe

will also invest andmake the proper choices to become a firm partner in the human

component of future space exploration programmes.

Fig. 4. Orion capsule approaching the Space Station (source: Lockheed Martin Corportation).

4.2 With the eyes of an astronaut

127



4.3 Human spaceflight, technology
development and innovation
Richard Tremayne-Smith

4.3.1. The first effect – inspiration from space

From ancient times, space has been a source of inspiration to man and he has

looked for ways in which to relate man�s existence to the ever changing canopy of
the night sky. Over time, space, which exists beyond the fragile atmosphere that

marks the outer reaches of normal human existence, has become increasingly

important for human beings. Placing satellites into orbit around the Earth has

allowed us to better understand our planet by observing weather and surface

features as well as providing accurate timing and position information to support

commercial and navigation services. Still, whatever else we derive from space in the

way of services, it will always remain a continuing source of wonder and

inspiration.

4.3.2. The second effect – supporting life on Earth

While technology helps us to take steps towards increasing our understanding

and utilising our natural resources to improve the quality of life, we increasingly

need to apply it to address environmental issues including climate change.

The basic limits to growth that will result from the growing population and

dwindling resources are best viewed from space where Earth, without boundaries,

is the way astronauts see our blue planet. Space is firstly a tool to enable us to

better understand the many processes that are taking place on Earth, but

conquering space and being able to travel there in a sustainable and affordable

way will be the key to supplementing terrestrial resources. To this end, the

revived interest in space exploration and the genuine enthusiasm at the global level

by space agencies is a welcome step in the right direction. The planning,

preparation and general excitement can be shared by everyone just like the

long-term benefits of human presence in space for the majority of people who

will remain on Earth.
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4.3.3. Reality

It is not generally recognized that while the U.S. and Russia had developed a

capability for travel beyond the Earth�s orbit, and the U.S. even went on to land on
the Moon, this capability was lost after the Apollo era. At present, we have no

proven ability to send a person to the Moon. Therefore, it is important that when

planning a return to the Moon and beyond, one should seriously consider and

focus on how to build a capability that is sustainable over the long-term. Our

presence in low Earth orbit should not be an end in itself, but a stepping stone on

the way to broader human exploration of space.

There is a need to improve safety, especially in the area of human spaceflight,

while at the same time, lowering overall transportation and infrastructure costs.

4.3.4. Technology and innovation

Learning from our experience of life in orbit and the initial sorties beyond, we

should aim for some level of commercialisation as well as to increase knowledge

that will be gained from greater access to outer space. Technology is our limitation

as well as our enabling capability when venturing towards the stars.

Fig. 5. Comet Holmes in the night sky (source: Ian Morison).120
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Access to space is a very important area of technology development as we move

towards the need for regular and safer travel into space, while at the same time, it is

also of utmost importance to significantly reduce the costs. Space tourism is

starting to touch on the price issue, as the only way to target amuch larger audience

is to bring down costs. At the bottom end of the market, this means a space

experience, but not yet real access to space. Russia, for example, can still charge

USD 20million for a Soyuz flight and a few days at the International Space

Station. The outlook of many more humans entering near-Earth space within a

few years is high, and it is the human element that is driving innovation in this

growing market.

Most importantly, as more countries join the new initiative for space explora-

tion – making it a truly international endeavour – we will need to spend time to

plan in advance how to manage the enlarged space environment, namely, beyond

Earth orbit.We have already introduced significant volumes of rubbish, referred to

as orbital debris, into Earth�s orbit, which makes the use of these orbits more

difficult and more costly than would have been the case if we had been better at

preserving the near-Earth environment. We need to ensure that we have learned

our lessons from this experience and keep other special regions of space as free from

debris as possible. These orbits will include transfer orbits to themoon fromEarth,

themoon and its orbital environment121 as well as the stable and other Lagrangian

points of the Earth�s moon and Earth�s solar system. This area is the subject of

ongoing work as part of the planning phase for the Global Exploration

Initiative.122

Generally, there are international groups working on planetary protection based

on the work by the Committee on Space Research (COSPAR).123 Planetary

protection is concernedwith both forward andbackwards contamination, attempt-

ing not to pollute other areas of space with earth-based contaminants and trying to

ensure that returning space missions do not bring contamination back to Earth.

Over 1000 comets have been discovered by SOHO, the ESA/NASA Solar and

Heliospheric Observatory.We are looking out for near-Earth-objects (NEOs), butwhat

about the other areas of the solar system we may wish to travel to?

4.3.5. What space has to offer

4.3.5.1. To humankind

Apart from the applications already mentioned, including support for the moni-

toring andmaintenance of a sustainableEarth environment, we can look to a future
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where space could provide the ability to remove the current limits to growth.125

This does not mean that growth should necessarily be encouraged, although

improvements in the quality of life or growth to reach new levels of future

sustainability would be a positive development. Another way of looking at the

issue is to consider the need to either eliminate the limits or stop growth. Space

could contribute to helping to remove the limits, but only if long-term improve-

ments to the Earth�s environment are achieved.

We must also consider that most cultures have an element of growth built into

their way of managing things, and who has ever heard of a best-selling business

book entitled “How I managed a no-growth business”. When we think about it,

growth is relatively easy to manage, because the errors of hiring too many staff or

leasing a factory that is too big can be covered up for a short time and presented as a

good decision. Sustainability should be linked to a culture of real management

where overall impact and not just short-term profits are considered. Later works by

the original authors of the “Limits toGrowth” has lead to an update to the original

work called “Beyond the Limits toGrowth”.Whilemaking the point that many of

the issues are now more critical, sustainability, it concludes, is still an achievable

goal. When shifting the focus to the new challenges for humans in outer space,

we must make sure to preserve the priority of sustainability of space operations as

well as Earth-based sustainability.

Future prospects for space to support long-term sustainability of Earth systems

and services should not stop every effort beingmade now to improve andmaintain

current terrestrial targets. However, space activity should be planned with the

Fig. 6. Comets approaching and disappearing into the Sun (source: http://science.nasa.gov/newhome/pad/

images/soho_corona.gif).124
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future support role for theEarth clearly inmind and this will require space activities

themselves to be executed in a sustainable way. The view from space, of one world

without borders, that is so often the lasting one for astronauts and cosmonauts is

one that we should encourage to bring together the necessary global thinking and

planning necessary to properly address the world�s problems.

4.3.5.2. To industry

It is worth remembering that space is not only of value to industry and commerce as

users of services, but also includes the upstream and down-stream supply markets

that enable the provision of the services. It is essential for upstream system

developers and scientific users to fully understand the environment in which they

operate so that they can be guardians of the special resource of the Earth�s orbit as
well as to be able to plan the protection of the environment beyond Earth�s orbit.
Government clearly plays a role here within the scope of commitments entered

into under space treaties, but it is the industrial sector licensed to use space that

must understand the value of the resource and think beyond just today�s needs.
There are encouraging signs that LEO and GEO telecommunications operators,

among other users, have sufficient self-interest and understanding of the issues at

hand to work together for the common good and aim to keep the Earth�s orbits
open for business.

4.3.5.3. To the public

Many will not see space as an enabling factor that provides television and banking

services, but do understand and relate to space when human spaceflight is or space

exploration – human or robotic – is involved. Many students were encouraged to

become involved in mathematics and science due to the early space programmes

such as Apollo. Only a selected fewwere able to become astronauts, but many were

inspired by the journey into space and the long-term prospects derived from

humans having learnt to live and work in Earth�s orbit for longer periods basis.

4.3.6. Conclusions

Space is already helping us to manage our available resources and the human view

of Earth from space – one Earth, the blue planet – as a world without borders is an

image that should help and inspire us to see the bigger picture. The small band
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around the Earth�s surface which is our fragile atmosphere is hardly visible from a

distance, but it is essential to life on Earth as we know it.

4.3.6.1. The Blue Marble

Human spaceflight has been more than just an inspiration, but has been the

motivation for much technological development and innovation. Robots will have

a long-term role in assisting human exploration and they may be considered the

precursors that will provide the insight and understanding that will enable humans

to follow their path to the stars.

Fig. 7. The Blue Marble (source: http://veimages.gsfc.nasa.gov/2429/globe_west_2048.jpg).126

120Morison, Ian. “Comet Holmes on 13th November 2007 withMeade 8”. Schmidt–Newtonian and

Nikon D80 Image. Jordell Bank Observatory. The University of Manchester. 11 Dec. 2007 http://

www.jb.man.ac.uk/public/nightsky.html.
121During the Apollo missions, many orbital stages were quickly de-orbited to keep the lunar orbits

clear for later missions.
122 “Exploration:NASA�s plans to explore theMoon,Mars andBeyond”. NASA. 10Dec. 2007 http://

www.nasa.gov/mission_pages/exploration/main/index.html.
123COSPARwas founded in 1958 by the International Council for Science (ICSU), at the time called

the International Council of Scientific Unions. It is an international organisation charged with the

promotion of international collaboration and information exchange in space research. COSPAR. 11

Dec. 2007 http://cosparhq.cnes.fr/.
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124 Two “Sungrazing” comets are seen heading in tandem towards the sun�s corona. They do not

reappear on the other side.The comets follow similar but not identical orbits and enter the tenuous outer

atmosphere of the sun. Shortly after the comets disappeared behind the occulting disks of the

coronagraph, a bright helical-shape prominence erupts from the Sun as part of a Coronal Mass

Ejections (CME) (explain the acronym). Comets, composed of ice and dust, characteristically have

particles streaming out behind them. Comets can be found zooming around space quite frequently. 11

Dec. 2007 http://science.nasa.gov/newhome/pad/images/soho_corona.gif.
125Meadows, Donella H., et al. Limits to Growth. New York: Signet, 1972. The book is about the

consequences of a rapidly growing world population and finite resources. It was commissioned by the

Club of Rome. The five variables in the original model were world population, industrialisation,

pollution, food production and resource depletion.
126 “Visible Earth: a catalog of NASA images and animations of our home planet”. NASA. http://

veimages.gsfc.nasa.gov/2429/globe_west_2048.jpg.
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4.4 Human–machine cooperation
in space environments
Gabriella Cortellessa, Amedeo Cesta & Angelo Oddi

4.4.1. Introduction

Space mission environments are characterized by the presence of both human

operators and advanced automated technology.One relevant aspect in this context

is the degree of interaction between these two entities and, in particular, the role of

thehumanagentwith respect tohis/her collaborationwithpotentially overwhelming

technology. In designing innovative work environments, a certain degree of

freedom must be maintained to allow humans and machines to cooperate and

adapt to unforeseen contingencies. This paper describes a human–machine coop-

eration approach to address some of the new challenges introduced by user–system

interaction in spacemissions. Specifically,wewill elaborate on the needof retaining

a level offlexibility in subdividing responsibilitiesbetweenautonomoussystemsand

humanoperatorsbyencouragingthedevelopmentofmixedsystems that integrate the

capabilities of both entities. Based on our experience in developing frameworks for

space missions, we briefly report on two examples of decision-support tools,

pointing out the human aspects that need to be taken into account as well as the

beneficial effects of synergies between technology developers and experts in

different fields like Cognitive Psychology and Human Computer Interaction.

While thedescribedexperiences aremainly related to spacemissioncontrol centres,

the detected problems as well as the proposed solutions are, to some extent,

extensible to manned missions in outer space.

Human space missions have always attracted interest due to the fascinating

possibilities to explore newworlds, but also for the new stimulating challenges they

present. At present, the main manned long-term experiment is the International

Space Station (ISS)127 but, in the future, mannedmissions are expected to explore

other planets in particular Mars128 whose distance from Earth is close enough to

encourage space agencies into planning to reach it. Humanmissions in outer space

naturally entail new problems and questions that need to be answered. In our

vision, humans� activities in space environments involve at least the following

aspects:
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(a) The criticality of the temporal extent of the mission. Indeed the ISS addresses

some of the problems connected to this aspect, but for missions in outer space

the duration represents a completely new criticality. To this end, the role of the

behavioral and social sciences is growing in importance, since traditionally,

they study the relevant human factors and problems;

(b) Manned missions require humans to live in an environment where many

different and unusual things happen (e.g., objects float due to microgravity;

people are forced to share and remain in small environments for long periods,

etc.). In this respect many disciplines like anthropology, environmental

psychology and other related fields could contribute to understand the relevant

problems as well as propose solutions;

(c) People are expected to work in completely new and risky environments

characterized by the dominant presence of very complex and advanced

technology and tools which are instrumental for humans� work and safety.

As for this last point, a crucial aspect concerns the interaction between humans

and technology and the level of trust and acceptance of humans to automated

tools.

This scenario introduces some new challenges that are important to understand

and address, e.g., the role of humans in future manned missions with respect to

advanced technology; the most appropriate and fruitful subdivision of labor

between humans and machines; the type of human–machine interaction in space

environments.

As future manned missions will become more probable and frequent, some

studies started investigating these open issues. In line with this research, our paper

elaborates on the human–machine cooperation approach as a successful style of

interaction between humans and machines in space working environments. The

purpose of this paper is to underscore the relevance of further studies to be

conducted in parallel with the development of highly specialized technology

devoted to humans in space. This additional effort is needed to produce more

useable and transparent technology, and to preserve the role of the humanmission

operators.

To clearly understand the importance of this aspect, it is sufficient to pay close

attention to the fact that humans in outer space need to interact for very long

periods of time with a technological environment over which they have neither

control nor a proactive role. The potential side effects of this situation can be

counterproductive for the success of such missions. This paper directs attention to

the development of a new generation of artifacts that take better account of these

aspects, proposing a better exploitation of human capabilities within innovative

technology.
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The paper is organized as follows: the first section introduces the idea of the

human–machine cooperation approach pointing out existing literature related to

this idea. It proceedes to introduce two case studies which show the potential value

of the approach. Third, the lessons learned from these studies together are

presented with some concluding remarks at the end of the paper.

4.4.2. Human–machine cooperation

As already mentioned, expectations about future manned space missions in the

coming years are raising some interesting debates on the work that still needs to be

done to be ready and effective. Among these discussions, one specific remark refers

to the possibility of fostering human–machine collaboration between autonomous

systems and humans in general and, specifically, between humans and robots (e.g.,

rovers like Spirit and Opportunity).

Fong et al.129 claim that human–robot cooperation can have a significant impact

in improving planetary missions. In particular, by enabling humans and rovers to

work together in the field, it is possible to improve mission productivity while

reducing the cost. With this assumption in mind, the authors present a personal

user interface to enable Extra Vehicular Activity (EVA) crewmembers andmobile

rovers to collaborate and jointly perform tasks.

In line with this vision Dorais et al.130 describe a future scenario where space

missionswill be characterized the presence of both humans and automated systems

(e.g., rovers) that will play a crucial role in the success of the missions. Thanks to

the possibility of reducing operational costs and to accommodate for ground

communication delays, the adoption of an autonomous system will surely increase

in the future.131 At the same time the crew of manned missions will presumably

desire to intervene and tune the autonomy of such intelligent systems, for different

reasons (e.g., respond to emergency or unexpected events, perform maintenance

operations, accommodate preferences and so on). The joint man–machine perfor-

mance of tasks enables the exploitation of human abilities and autonomous

software capabilities by appropriately distributing tasks. This approach introduces

the concept of adjustable autonomy. The basic idea is that the autonomy of

intelligent systems can range from a fully autonomous modality and a completely

tele-operatedmode. In this light, the level of autonomy can be decided according to

needs and with the aim of maximizing efficiency and security.

In accordance with this research and to respond to the questions introduced

above, we will discuss the concept of human–machine cooperation as a response to

the specific needs of space environments. The idea is that the interaction between

4.4 Human–machine cooperation in space environments

137



intelligent technology and humans in spatial contexts should be in the form of

collaboration rather than master–slave interaction or fully technology-driven work.

Since humans and machines need to collaborate, particular efforts are needed to

design effective interaction modalities and to create transparent and easy-to-use

intelligent systems. The remainder of this paper presents two previous experiences

based on this collaborative approach. Even if the intelligent systems developed are

devoted to ground segment activities or unmanned space missions, they provide

interesting indications for future manned missions.

4.4.3. Lesson learned from experience: two case studies

Two projects we have been involved in allowing us to comment on the validity of

the human machine collaboration approach. Both of them synthesize software

artifacts that, at different levels, propose a human users/intelligent system interaction

based on a distribution of active roles. The first project is related to the use of a

robotic arm devoted to payload servicing outside the International Space Station,

while the second is related to the resolution of the problem of dumping the

on-boardmemory of theMarsExpress spacecraft launched by theEuropean Space

Agency in 2003 to perform scientific experiments and observations of Mars.

4.4.3.1. SACSO: SAfety Critical SOftware for planning
in space robotics

The context of the SACSO project is the robotic arm developed by the Italian

Space Agency (ASI) named SPIDER (see Figure 8).

In the SPIDER daily work environment there were two kinds of users:

– The scientists responsible for designing and performing the scientific experi-

ments the robot contributes to;

– The technicians responsible for controlling the movements of the robot.

The former kind of user was used to reason at a very high level of abstraction and

was not aware of or confident with the low level details and technical aspects of the

robot. By contrast, the technicians were used to working at a very low level of

abstraction, since they were in charge of producing the sequences of commands to

operate the robotic arm. For this reason, the interaction between these two groups

of people was extremely difficult and ineffective from the point of view of sharing

real competences and creating a work environment compatible with a long-term
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collaboration. In this light, the SACSO project explored the synthesis of a facility

in which, expert users (e.g., scientists responsible for the scientific experiments) and

technicians (e.g., robot operators, computer programmers) would cooperate to

specify goals and constraints for a robotic arm by means of a high-level specifica-

tion language and the facility to synthesize the actual robot program. The result of

this work was a tool named JERRY132 which is responsible for the interaction

among the different users and an Artificial Automated Planner as well as for the

integration of the differentmodules that compose the overall system, including the

management of the data exchange protocols. In particular, JERRY is a modular

system for the interactive design, planning, control and supervision of the

operation of autonomous robot systems in space. It allows scientists to define

the high level objective supported by an environment for intelligent interaction.

The problem is then given as input to an Artificial Intelligence (AI) planner. The

computed plan is tested by a software simulator, which allows the identification of

problems before sending the commands to the real robotic arm on board the space

station. These operations can be repeated so as to validate the plan produced by the

planner. Once the plan has been validated and tested, an internal translator

produces the sequences of instructions to operate the arm, which are directly

uploaded to the Space Station (see Figure 9).

The simulation and validation of rover behavior are indeed critical capabilities

for scientists and rover operators, to construct, test and validate plan for com-

manding the robots.133

The key AI feature of the project lies in the definition of an experiment as a

planning problem, which is then processed by the Planning and Execution

modules. The Planning Module requests a high-level description of the task to

Fig. 8. SPIDER, the robotic arm developed by the Italian Space Agency (courtesy of ASI) (sources: Italian

Space Agency).
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be performed by the robot and performs the synthesis of an equivalent abstract plan

(in a user-oriented symbolic language), i.e., a sequence of high-level actions for the

robotic system to execute. The Execution Module transforms an abstract plan

(describing the given task as a sequence of high-level actions) into an executable

plan where abstract actions are expressed in terms of the basic actions the robotic

system can perform, taking into account constraints related to the geometry and

physics of the robot system and its operating domain. The executable plan is then

encoded into the robot�s control language, thus generating an executable code in

system-specific language. The resulting code can be visually validated by a software

simulator of the robotic system.

In such a highly critical environment, JERRY can effectively support the robot

operators in both ordinary and emergency situations and make their work easier,

safer and faster. JERRY can also provide scientists with no specific competence in

robotics with a higher-level support for the automated execution of complex robot

activities, with limited contributions from specialized operators.

This experience allows for a number of conclusions. In particular two main

contributions are worth mentioning, which relate to the need of developing

Fig. 9. Plan synthesis with JERRY. The scientist defines the high level objective with the support of an

environment for intelligent interaction. The problem is given to the AI planner, which produces the plan to

operate the robot. The plan can be tested and validated by the software simulator. Once the plan has been tested,

an internal translator produces the sequences of commands to be sent to the robotic arm on board the space station

(sources: ISTC-CNR).
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trustful and easy-to-use technology and the need to preserve humans� responsi-
bility on critical decisions.

Developing usable and transparent technology.One first comment on the SACSO

experience is related to the general difficulty that people usually experience with

advanced space technology. This kind of technology is conceived to be used by very

specialized users, while on the contrary, scientists are not necessarily technology

experts but rather interested in a variety of experiments connected to life in space.

In this light, JERRY is intended to provide its functionality to different kinds of

users who have to design, control and monitor a robotic arm performing complex

tasks, such as the setting up of experiments in a space work cell. The high level goal

of the system is to simplify the interaction of users at various levels of expertise with

a rather complex robotic device. This consideration highlights the possibility to

further investigate innovative representations for space problems as well as new

interaction modules within the space contexts, which can bridge the gap between

technology and users� expertise.
Preserving user control over technology. A second consideration is related to the

need of preserving user control over technology. For this purpose, JERRYhas been

designed to enable robot operation in Interactive Autonomy, i.e., the system can

perform all of its tasks autonomously (including recovery from various non-

nominal situations), but the user is able to easily monitor and possibly override

autonomous operations, in a collaborative fashion. Effectiveness is guaranteed by a

set of tightly integrated specialized modules, each dedicated to a specific task.

Interactive Autonomy is attained through a user-centred architecture, where the

user asks for services from the specialized modules.

4.4.3.2. The MEXAR2 project

A second project produced a fielded AI system that has been in daily use at the

European Space Agency�s space operations centre (ESA-ESOC)134 since Febru-

ary 2005. The tool, named MEXAR2,135 provides continuous support to human

mission planners in synthesizing plans for down-linking on-board memory data

from the Mars Express spacecraft to Earth. The introduction of the tool to the

mission-planning workflow significantly decreased the time spent in producing

plans. Moreover MEXAR2 improves the quality of the produced plans thus

guaranteeing a strong reliability in data return and enabling more intense science

activity on board. The introduction of MEXAR2 has modified the role of the

human mission planners who can now evaluate and compare different solutions

rather than dedicate their time exclusively to computing single solutions (a tedious

and repetitive task which does not capitalize on the mission planners� decision-

4.4 Human–machine cooperation in space environments

141



making expertise). These characteristics have effectively made MEXAR2 a

fundamental work companion for the human mission planners.

The context. A critical problem for interplanetary space missions is maximizing

science, while guaranteeing data return to Earth. Additionally, the reduction of

investments in the field requires space programs to perform ambitious tasks with

more limited budgets with respect to the past. Europe�s Mars Express is seen,

quoting the mission�s web description, “as a pilot project for new methods of

funding and working”. Specifically, an innovative working relationship between

ESA, industry, national agencies and the scientific community as well as the reuse

of equipment developed for the ESA Rosetta mission were important factors that

have contributed to the development of Mars Express as a relatively low-cost

mission. Notwithstanding the low budget, the mission reveals ambitious goals for

the scientific experiments on board. The seven payloads the orbiter is equipped

with are expected to maximize their data return to take advantage of the

opportunity offered by the proximity to the Red Planet. Indeed, an amount of

novel information from Mars is arriving to the space science community, and,

through the media, to citizens. We may remember the accurate pictures (see

examples inFigure 10) taken by theHighResolution StereoCamera (HRSC)with

images of the entire planet in full colour 3D andwith a resolution of about 10m, or

the information about the distribution of water, both liquid and solid, in the upper

portion of the crust of Mars, distributed by MARSIS, the Mars Advanced Radar

for Subsurface and Ionosphere Sounding.

Obviously, in a deep-space mission like Mars Express, data transmission to

Earth represents the fundamental aspect. The space probe continuously produces a

large amount of data resulting from the activities of its payloads and fromon-board

device monitoring and verification tasks (the so-called housekeeping data). All

these data are to be transferred to Earth during bounded downlink sessions.

Moreover, in the case of Mars Express, a single pointing system is present. This

implies that, during regular operations, the space-probe either points to Mars to

performpayload operations or points toEarth to download the data produced.As a

consequence, on-board data are generally required to be stored first in a Solid State

Mass Memory (SSMM) and then be transferred to Earth.

The main problem to be solved consists in synthesizing the sequences of

spacecraft operations (dump plans) that are necessary to deliver the content of the

on-board memory during the available downlink windows. The average data

production on a single day can be around 2–3 Gbit while the transmission rate of

the communication channel, which varies between 45 kbs and 182 kbs, may not

be sufficient. The on-board memory is subdivided into different banks, called

packet stores, in which both scientific (science from payloads) and spacecraft

management data (housekeeping) can be stored. In particular, housekeeping data
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must be guaranteed to arrive to Earth daily so as to allow checking for the safety of

the different operations on board. Note that each packet store assigned to science

data is managed cyclically, so when new data are produced before the previous data

are dumped to Earth, the older data are overwritten and the related observation

experiments have to be re-scheduled. Even though the on-board memory is about

9.4Gbit, the irregular distribution of transmission windows, the different trans-

mission rates of suchwindows and the different data rates for data production (e.g.,

the stereo camera can produce files close to 1Gbit) may often create usage peaks

close to the packet store capacities. To complicate matters, there is an additional

uncertainty factor in data production for some instruments due to different

compression algorithms. Usually, dump plans for the on-board memory are

computed for a nominal expected production of a certain payload activity, a

Payload Operation Request (POR), but mission planners may discover from

housekeeping checks that the data on-board aremore than expected so they have to

recompute the dump plan, i.e., the sequence of dump commands that implements

the memory download policy.

Fig. 10. Examples of images taken by the High Resolution Stereo Camera on board MARS EXPRESS

(sources: ESA).
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The MEXAR2 solution. Given the goal of developing a decision tool for

supporting the human mission planner, we have chosen to design a software

architecture that captures the entire problem life cycle. Specifically, the tool

supports a user in all the steps, which run from the definition of an instance of

a memory dumping problem to the generation of solutions and their refinement.

In previous work practice at ESA-ESOC, the user (mission planner) and the

spacecraft (Mars Express) interact through certain modalities. One of the goals of

our study has been to contribute an additional means to this interaction by offering

a tool that fully preserves the “traditional” real world practice and potentially

provides new aids. Indeed, the assumption was made that all the interfaces as

defined for the “semi-manual” dump generation tools previously used at European

Space Agency (ESA) should be maintained in order to guarantee a smooth

transition to the new system. Nonetheless, a goal was pursued to provide a more

advanced interactive system that relieves the human planner from boring and

repetitive tasks while allowing her to concentrate on more strategic decisions. Our

general approach consists in adding a path from the user to the controlled

spacecraft. This enhanced path is created through a bipartite architecture com-

posed of a Problem Solver and an Interaction Module. The two modules have

distinct roles:

– Problem Solver. This module is responsible for modeling the problem and the

domain. Based on aCSP (Constraint Satisfaction Problem)136 approach for the

modeling phase, it provides a hybrid solving procedure that combines back-

tracking with a maximum flow algorithm to solve problem instances.

– Interaction Module. This component is responsible for the dialogue with the

user. It supports users in understanding what the solver is doing, improving her

trust in the automated solving activity and providing various levels of interven-

tion for strategic decisions during problem solving.

To sum up, in our work we pursued the idea that a user is part of the real world

andMEXAR2 endows her with an additional lens to analyse the world and act on

it. Given this bi-modular framework, the user can concentrate on strategic high

level decisions andwhat-if analysis, delegating to the system repetitive and difficult

computations. It is clear how the MEXAR2 system has been designed based on

the idea of the human–machine cooperation approach. This aspect represented a

crucial factor to foster users� acceptance of the tool. A person responsible for a very

demanding and critical decision previously performed this task through a semi-

manual procedure. MEXAR2, with is collaborative approach, relieved the human

mission planner from the hard low-level work by creating a collaborative working

environment that empowered humanmission planners with additional capabilities.
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Again, the human–machine cooperation approach allows exploiting the comple-

mentary strengths of humans and machines: precisions and computational power

of the artificial solver and creativity and strategic abilities of humans.

4.4.4. Findings and conclusions

Future space missions will be characterized by the presence of humans living

for long periods of time surrounded by advanced and very sophisticated technolo-

gy. Apart from the numerous challenges related to the social human factors

that futuremannedmissions pose, an interesting aspect concerns the role of humans

with respect to their collaboration with potentially overwhelming technology and

the consequent problem of deciding the degree of interaction between humans and

machines/robots. This paper has presented examples that contribute to the recent

debate in space environments, which propose joint work between humans and

machine in space missions. Indeed, these two entities are complementary and

equally needed: without autonomous systems, crewmembers would spendmost of

their time just trying to stay alive. On the other hand, even with completely

autonomous systems crew members would presumably be frustrated by how to

repair them, how to ensure they do the right job and how these systems will

respond to unexpected events. Human–machine cooperation represents a good

compromise to address these problems since it allows exploiting the complemen-

tary nature of human and automated reasoning.

These two entities can introduce complementary problem-solving strengths

that can be synergistically blended. Often the scale and complexity of practical

domains overwhelms the solving capabilities of automated technologies. Like-

wise, human planners often have additional reasoning resources, which can

provide useful strategic guidance, but they are hampered by the complexity of

grinding out detailed solutions. In such cases, successful technology application

can be achieved through an effective integration of user and system decision-

making.

In future manned missions, autonomous systems will need to operate safely in

the presence of people and cooperatewith them effectively. In this light, we need to

design human-centred autonomous systems in contrast to traditional black-box

autonomous ones. Rather than being completely commanded by the users (in a

master–slave interaction style), or being completely autonomous (technology-driven

interaction style), these systems enable users to interact with them at different

levels of autonomy by tuning the level of control according to needs and

preferences (hence adjustable autonomy).
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This paper has also reported on previous experiences in developing decision

support tools for space contexts, which show how the human–machine cooperation

approach is similar to the adjustable autonomy concept. This approach allows

exploiting the capabilities of the two entities enabling humans� cognitive abilities
to be enhanced (not overwhelmed) by technology. We expect the adoption of

intelligent systems supervised and controlled by humans to increase the efficacy and

efficiency of future manned missions. Indeed, considering human problem solving

skills and automated reasoning capabilities as separate resources can be an under-

estimated mistake. The promising alternative is to think about the two resources as

being two important parts of a unique integrated and empowered system.

In this context, interesting research guidance can be derived such as the

development of empowered and more accurate problem representations shared

by humans and automated tools; collaborative environments for decision making

in which both humans and automated technology can contribute to the resolution

of problems with suggestions, decisions and criticisms; advanced and innovative

interaction modalities that foster human–machine collaboration. This last aspect

highlights the need to further analyse the right subdivision of tasks between

humans and machines so as to maximize the probability of success and safety of

future manned missions. Moreover, it suggests pursuing multidisciplinary studies

and research.
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4.5 Space law in the age of the International
Space Station
Frans G. von der Dunk

4.5.1. Introduction

This article focuses on the special context where humans from various nations

work and live together in one orbiting laboratory, the International Space Station

(ISS), and the legal rules pertinent to those activities. This essentially concerns the

application of an existing body of international treaties on space and space activities

to the ISS, as well as the special legal framework that has been established to deal

with the various ramifications of this very international operating environment.

Within that context moreover, the specific European parameters stemming from

the fact that the European Space Agency (ESA) serves as the vehicle for the

participation of 11 European states in the ISS deserve special attention. The

totality of this set of rules, though in several instances not yet elaborated as

extensively as might be desired, does provide for a dedicated comprehensive legal

framework that may serve as an interesting example of international space law also

with a view to future developments.

4.5.2. Towards an International Space Station

4.5.2.1. The background of the initiative to build
an International Space Station

Between the moon landings of the early 1970s and the sudden appearance

of the prospects of space tourism a few years ago, the most interesting

space-related activities were the efforts to build an International Space Station.

Although it never captured the imagination of the general public like the

Apollo programme did, or even tickled the imagination of some parts of the

general public like the sight of adventurous millionaires going into outer space for

fun did, the gradual extension of human presence into outer space – as regards

duration and scope of activity – through a space station built, launched and
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operated as a joint international enterprise, was audacious in many ways, not

least of all legally.

The idea of launching an international space station evolved from the interest of

the U.S. in cooperating with some of its major political partners in the peaceful

exploration and use of outer space in a more substantive and consistent fashion

than up to then. There had already been a number of essentially bilateral

cooperation projects in the area of outer space between the U.S. and, for example,

a number of European states collectively such as the Skylab and Spacelabmissions.

But all of them had been essentially short-term projects, rather than long-term

programmes, and none had the same geo-political drive behind them. Thus, in

1984, U.S. President Ronald Reagan mandated the U.S. agency responsible for

national civilian space efforts, the National Aeronautical and Space Administra-

tion (NASA), to develop a space station and invite relevant partners to join the

effort technically, operationally and financially.137

4.5.2.2. From the first to the second Intergovernmental
Agreement

These efforts led to the first IntergovernmentalAgreement of 1988138 between the

U.S., Japan, Canada and a number of European states (ultimately amounting to

eleven)139 represented collectively by theEuropean SpaceAgency (ESA)140 on the

design, development, operation and utilisation of a space station, which at the time

was called “Freedom”. The first part of the space station, which was to be

assembled in space following a whole series of launches, measured 110m across

and 90m longwith a total weight of about 1million pounds andwaswould actually

launched in November 1998, with final completion scheduled for 2010 or shortly

thereafter.141

However, even before the 1988 Intergovernmental Agreement had formally

entered into force, the Soviet Union and the attendant political Communist

structures fell apart, creating a completely new geo-political paradigm as a

backdrop to the whole space station project.

On the one hand, the end of the Cold War meant – for all practical purposes –

the removal of political and ideological barriers against using Soviet/Russian

technological experience, software and hardware (which in terms of long-duration

human spaceflight was by far outstanding versus all theWest was able to muster).

On the other hand, from the Western perspective, the risk of highly

qualified Russian engineers fleeing the financially deteriorating situation at home

(where the space industry was no longer a top priority) and seeking employment

with whoever was willing to pay was not to be taken lightly. As a result, Russia
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was successfully invited to join the international partnership. The 1988 Intergov-

ernmental Agreement was renegotiated and ultimately transformed into the 1998

version.142 “Freedom” was simply renamed “the International Space Station”,

or “ISS”.

For the sake of completeness, it should be added that onemore state, Brazil, has

effectively become a formal part of the legal construction supporting the ISS

venture since then, but as a special partner – namely through a bilateral agreement

with theU.S. under the arrangements pertinent to the planned utilisation byBrazil

of the U.S. modules of the ISS. In this context, the U.S. had to notify in advance,

and seek timely consensus from, the other space station partners.143

4.5.2.3. The legal construction underpinning
the International Space Station

Overall, the legal construction underpinning the ISS consisted of several

layers, with the Intergovernmental Agreement obviously acting as the over-

arching umbrella for all legal aspects. At a second level, Memoranda of

Understanding were concluded between NASA, on the one hand, and the

other Cooperating Agencies on the other, to deal with many of the more

practical details of developing the ISS. One level further below implementing

arrangements were to be concluded whenever necessary between the cooperating

agencies concerned.144

All the contracts and subcontracts further down the chain, principally between

the cooperating agencies and industrial partners charged to develop certain parts of

the ISS, were not officially referred to in the IntergovernmentalAgreement, yet fall

clearly into its scope of application, as well as of the relevant Memoranda of

Understanding and implementing arrangements.

A final remark concerns access to the space station. With the accession of

Russia to the undertaking of the ISS, transportation to and from the ISS as regards

astronauts and cosmonauts was to be offered by Space Shuttle and Soyuz

vehicles, while the European partners and Japan were bent on developing cargo

vehicles. As a consequence of the basic �no exchange of funds� philosophy

underlying the ISS undertaking, the provision of such transportation services –

which for several reasons could not be dealt with feasibly on the basis of �in kind�
compensation – needed to be carved out from that approach by means of a special

exception.145 The �no exchange of funds� basis was not applied to Russia in view

of the aforementioned rationale for taking Russia on board, but this was also

clearly an exception dictated by ulterior motives, without impinging upon the

underlying philosophy of the joint venture.
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4.5.3. The novelty of the International Space Station

4.5.3.1. From short-haul flights to a long-haul
presence in outer space

Politically, of course, the inclusion of Russia, the former Cold War enemy of the

other partner states in the cooperative venture, which was shaped in the 1990 and

culminated in the 1998 Intergovernmental Agreement, was already a novelty – at

least for such a highly visible, high tech-area with many security-sensitive aspects

as building a station orbiting in outer space.

More important from a legal perspective at least was the envisaged quasi-

permanency of the station.While the longevity ofMIR, resulting in nearly 15 years

of orbital lifetime, was in many respects a matter of surprise – as well as keeping it

alive on a shoestring almost literally – the ISS was from the start destined to serve

for decades, as “a permanently inhabited civil international space station.”146

Hence, from the start, it was also envisaged to serve a wider variety of human

activities, far beyond the mere traffic or station-keeping activities thus far key to

any legal concerns. It meant that various legal regimes other than space law

properly speaking could, would or should nowbecome applicable to those activities

as well, varying from criminal law to intellectual property rights relating to the

protection of inventions made on board the ISS.

4.5.3.2. The international character of the ISS venture
and the position of Europe

The unique international character of the whole undertaking came to be duly

reflected in the legal construction. Legally speaking, all the preceding space

stations constituted simple legal constructs as single-nation stations even if many

foreign crew visited them. Following Article VIII of the Outer Space Treaty147

and Article II of the Registration Convention,148 the stations were registered by

the respective states, and thereby qualified as their quasi-territory for legal

purposes. Likewise, for example, liability for damages caused by the operations

of such space stations would revert to those states in accordance withArticle VII of

the Outer Space Treaty and Articles I–V of the Liability Convention.149

With the refusal by the other partner states already under the 1988 Intergov-

ernmental Agreement to simply register the whole ISS as a U.S. space object, the

involvement of many jurisdictions came into play. Thus, under the Intergovern-

mental Agreements (both the 1988 and the 1998 versions) “each Partner shall

register as space objects the flight elements ( . . . ) which it provides”, and
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consequently will be principally entitled to “retain jurisdiction and control” over

such elements as well as the personnel on board.150 In other words: legally

speaking, the ISS consisted of a number of floating pieces of quasi-territory of

the different states (Canada effectively being excluded as it was not to provide any

manned element) linked to each other in the global commons of outer space.

A further unique element in this context was the explicit designation ofESA as a

partner in the ISS undertaking.151 ESA, as an intergovernmental organisation

consisting of sovereign member states, does not and cannot exercise jurisdiction

and legal control in the normal sense of the word.152 However, under certain

conditions, the Registration Convention allows intergovernmental organisations

to serve as the equivalent of a state for all practical purposes regarding the legal

regime vis-�a-vis parties – ESA indeed complies with those requirements and can

thus effectively act as registration �state� for the European module of the ISS.153

This means that for any legal issues requiring the exercise of such �real� jurisdiction
and legal control, reference will (have to) be made to the individual member states

of ESA participating in the ISS as parties to the 1998 Intergovernmental

Agreement.

4.5.3.3. Commercialisation of ISS utilisation
and �space tourism�

Though originally not taken into consideration,154 it soon became clear that

another novelty given birth by the ISS would be commercial utilisation. It was

partly the continued problems with governmental funding within various partner

states that led them to start considering, in the late nineties, the possibilities of

generating interest – and investments – among private companies in using the ISS

as opposed tomerely being subcontracted to build elements or to use certain space-

based products or services derived from ISS activities. The microgravity environ-

ment was considered of great potential interest, in particular, for medical and

chemical industries, but other semi- or proto-commercial uses were also expected.

Thus, ESA, for example, was given the mandate in 1999 to promote the

commercial utilisation of the European module of the ISS, and officially such

usage up to 33% in terms of available timewas envisaged.155Other partners arrived

at similar constructions internally.156 This partial commercialisation resulted once

more in a broader scope of legal issues being at least potentially applicable to ISS

operations and bringing in existing regimes such as liability and contract-related

law – or even necessitating new legal instruments such as an ISS Crew Code of

Conduct and a Multilateral Crew Operations Panel, all under the umbrella of the

Intergovernmental Agreement.157
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Themost spectacular novelty, certainly for outsiders, was of course the advent of

�space tourism�, which took its first aim at the ISS. In April 2001, U.S. citizen

Dennis Tito was launched to the Russian part of the ISS for no other reasons than

that he was driven by his desire to fly in outer space and happened to have the

money privately available to pay the price quoted to him for fulfilling that desire.158

Originally Tito, through the brokerage of a small private company called

MirCorp established specifically for bringing self-financed private persons into

space, was supposed to be launched on a Russian launch vehicle to the Russian

space stationMir, at an overall price estimated at the time to amount to someUSD

20million. In the course of his preparation, however, Mir had to be de-orbited,

which occurred over the Pacific Ocean inMarch 2001.159 In order to honour their

contractual commitment, the Russians had only one way out: to change Tito�s
destination to the Russian module of the ISS which was being built at the time.

Paying similar amounts for the privilege, a second millionaire, South-African

Mark Shuttleworth, followed suit in 2002; U.S. national Greg Olsen became the

third space tourist in 2005; and Anousheh Ansari became the first female space

tourist in 2006 – and all had the ISS as the destination for their week-long stay in

outer space.160 It also became clear that this newbranchof space activities created the

distinctnecessitytoestablishappropriate legal rulesandprinciples,andtosomeextent

– essentially at the national level within the U.S. – this has already been done.161

4.5.4. Space law and the International Space Station

Some of themajor elements of the application of international space law to the ISS

were briefly discussed in the preceding part, with a view to some novel character-

istics as these have then been addressed in the Intergovernmental Agreement, but

they merit a second look now.

4.5.4.1. Jurisdiction in general

Thus, the jurisdiction of individual partner states was seen to apply to respective

parts of the ISS through the registration of the separate elements of the ISS as

separate space objects, which as such was in compliance with the framework

regime offered byArticleVIII of theOuter SpaceTreaty and relevant clauses of the

RegistrationConvention.162However, how any potential conflict of lawswas to be

dealt with, for example when a U.S. and a Japanese astronaut/engineer would be

involved in a legal issue on board theRussianmodule, was not elaborated further by

4.5 Space law in the age of the International Space Station

153



the Intergovernmental Agreement, with two prominent exceptions. These con-

cerned specific issues of jurisdiction considered immediate and important enough

that they should not be permitted to be dealt with only by the time a conflict would

have arisen and/or by means of general principles of conflict of laws: criminal

jurisdiction and intellectual property rights jurisdiction.

4.5.4.2. Criminal jurisdiction

As for criminal jurisdiction,163 the prospect of the application of criminal laws on

board of the ISS in view of the long duration of human presence in a limited space

with a limited amount of others coming fromvarious cultures and backgroundswas

considered substantial enough, in spite of the extensive screening and training of

astronauts and cosmonauts (and in spite of the cooperative approach to the whole

venture) towarrantmoredetailedarrangementsalreadyat the level of theIGAitself.

Interestingly, dealingwith this issuewas to present one of the fewkey differences

between the 1988 and 1998 versions of the Intergovernmental Agreements. In the

older version, the case of a certain activity or event involving someone present on

board the ISS raising questions of potential criminal liability was dealt with by

application of quasi-territorial jurisdiction.The jurisdiction of the state on board of

whose element that activity or event had occurred would apply in first instance;

however,U.S. authorities couldexercise their jurisdictionpotentiallyoverridingany

otherone if theactivityoreventposedathreat to the safetyofoperationsonboardthe

ISS164 – which, as one can imagine, could quite easily be the case.

In fact, this potentially overriding U.S. jurisdiction reflected the fact that any

person to be prosecuted for acts on board of the ISS, under the old construct, could

only be brought back to earth bymeans of aU.S. vehicle, as no other partner state at

the time possessed manned spaceflight capability. Hence U.S. jurisdiction and

control would have first choice.165 Obviously, that changed once Russia came on

board, and since Russia did not appreciate this construct the relevant clauses were

altered in the course of the negotiations.

Thus, Article 22(1) of the 1998 Intergovernmental Agreement now reads:

“Canada, the European Partner States, Japan, Russia, and the U.S. may exercise

criminal jurisdiction over personnel in or on any flight element who are their

respective nationals.”This is in essence the so-called �active personality-principle�,
well-known in general international law as a justification for exercising criminal

jurisdiction.166 Article 22(2) then adds certain possibilities for other states to

exercise their jurisdiction on the basis of passive nationality167 or quasi-territori-

ality,168 but this depends on the extent to which the state of nationality of the

alleged perpetrator itself is interested in prosecution.
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4.5.4.3. Jurisdiction and intellectual property rights
protection

While the application of criminal jurisdiction circumvented the additional prob-

lem of ESA-involvement, read ESA-registration of the European module, by

applying the active personality-principle – ESA astronauts qualifying as nationals

of respective ESA member states, with the qualification of part of the ISS as an

�ESAmodule� not being relevant – a different approach was taken for jurisdiction
relevant for applying intellectual property rights. Article 21(2) of the 1998

Intergovernmental Agreement applies the quasi-territorial approach, in that sense

following the general regime ofArticle 5: “for purposes of intellectual property law,

an activity occurring in or on a Space Station flight element shall be deemed to have

occurred only in the territory of the Partner State of that element�s registry.”
Obviously then, in this case a further solution had to be found for the specific

European context, whereESAdoes not have any “territory” in the legal sense of the

word. Thus, “for ESAregistered elements any European Partner State may deem

the activity to have occurredwithin its territory”.169 To date, twoEuropean states –

Germany and Italy – have actually taken the trouble to extend the scope of their

national, territorially-based legislation protecting inventions by means of patents

to inventions done on board of the European module of the ISS.170 The result is

that anyone entitled to claim a patent as regards an invention done on board of the

European module of the ISS, whether of German, Italian or any other nationality

(European or otherwise) should register his or her patent with either the German

or the Italian authorities.

Firstly, based on the rather advanced measure of harmonisation of intellectual

property rights within Europe, the protection under such a registration does not

only extend to those other European states but is also of a similar scope and

nature.171 Secondly, based on conventions going back as far as 1883 (the so-called

Paris Convention)172 and the activities of the World Intellectual Property

Organisation (WIPO),173 such patents would turn out to be basically protected

in most jurisdictions across the globe.

4.5.4.4. Jurisdiction and �space tourists�

A further issue, related to some extent to the general one of jurisdiction, arose

suddenly some years after the Intergovernmental Agreement: the visit of the

world�s first space tourist in 2001 triggered, among other things, a discussion

regarding the terminology used in the space treaties of “astronauts”174 and

“personnel” of a spacecraft,175 which entailed certain privileges pertaining to the
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special obligations of the relevant states to not only come to the rescue in case of

distress, but also provide support in returning the persons concerned home as

speedily as possible, without entertaining any thoughts about applying domestic

jurisdiction, for whatever, reason, to those persons prior to their return home.

The ISS Crew Code of Conduct created another category of “spaceflight

participants”, where the term �spaceflight participant� referred to “an individual

(e.g., . . . crewmembers of non-partner space agencies, engineers, scientists,

teachers, journalists, filmmakers or tourists), sponsored by one or more partner(s);

normally this is a temporary assignment that is covered under a short-term

contract; they are eligible for assignment as visiting scientist, commercial user or

tourist, but their task assignment cannot include ISS assembly, operations and

maintenance activities”.176 By encompassing space tourists, it ensured that these

would not enjoy those same privileges as astronauts or cosmonauts.

4.5.4.5. The issue of liability for damage

The next major issue that was dealt with at the level of the Intergovernmental

Agreement itself in very fundamental terms, considering the potential threat it

constitutes to the general cooperation spirit behind the whole venture, concerned

the question about what should happen, should damage occur within the context

of any of the activities related to the design, development, operation and utilisation

of the ISS.

Space law as it stood under the Liability Convention did provide for a somewhat

elaborate system of liability for damage caused by space activities, more precisely

caused by space objects; such liability was allocated to the launching state(s).177

Further clauses provided, for example, for the applicability of absolute respective

fault liability, for joint and several liability, for the lack of a limit to compensation,

for a jus standi under theConvention, for exculpatory clauses and for a rudimentary

dispute settlement system.178 As may clearly be derived from many clauses in the

Liability Convention, however, the liability systemwas very much geared to third-

party liability, and not very helpful for application to cases of inter-party liability,

even though not formally excluded by the Convention.179

The Intergovernmental Agreement acknowledges this regime as being appli-

cable to any damage caused by the ISS or any of its elements as space objects to

third states,180 and then creates by means of Article 16 an extended regime for

dealing with intra-party damage and the question of liability. Essentially, it

provides for a cross-waiver of liability for damage caused in the context of what

has been defined in a sweeping manner as “Protected Space Operations”,181

between not only the partners and partner states themselves, but also between any
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or all of the “related entities” of one such partner state and those of another partner

state.182 There are a few exceptions to this cross-waiver, such as when it concerns

private claims for bodily injury or death or claims for damage caused by wilful

misconduct,183 but overall, the spirit of cooperation has resulted in the need for

each partner state and their related entities to simply accept the possibility that they

may suffer damage in the context of the ISS without being able to assert a liability

claim for the purpose.

4.5.5. What comes next?

In sum, the current legal arrangements at the level of the ISS itself, even as regards

the main legal document which is the 1998 Intergovernmental Agreement,

represent a highly interesting and innovative set of legal rules, rights and obliga-

tions resulting from the need to deal with the truly international character of the

ISS. In particular, the additional novel element of the role of the European Space

Agency as an intergovernmental organisation has called for additional innovations

in law-making. The ISS, novel as it may be also in legal terms, represents no more

than an intermediate step in the broader adventure of mankind�s expansion into

outer space. Yet, in many respects, the ISS forebodes the legal issues to follow such

expansion – and the legal construct supporting it has already come up with helpful

legal solutions in some cases.

This is not the proper place to dwell long on themany, often futuristic, plans for

future activities in outer space pertaining to long-duration human presence. It

should suffice to say that with the human presence in outer space continuously

being extended – and, presumably, made easier and cheaper by a magnitude or

two – the number of legal issues that will become relevant at least theoretically will

inevitably grow. When mankind actually establishes �space colonies� on celestial

bodies, at least in the non-legal sense of theword because up to now colonisation in

the legal sense is clearly prohibited byArticle II of theOuter Space Treaty,many of

the issues discussed with regard to the ISS legal regime – criminal liability,

intellectual property rights, liability for damage will become evenmore prominent.

Moreover, new issues such as the nationality of space-born babies, the applicability

of human rights to outer space, and the validity of contracts drawn up in outer space

on outer space matters will present themselves in due course.

This may trigger discussions on whether jurisdiction, which is currently not

possible on a territorial basis, should be structured differently so as to ensure that

law will actually follow man into outer space. Or will jurisdiction based on the

nationality of the humans involved suffice – but then, what about these future
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space-born humans? Even now,with the impending prospects ofman returning to

themoon and then on toMars, issues such as safety- and/or security-zones around

installations on celestial bodies, the exploitation of mineral resources in situ and

other commercial issues such as licensing are back on the table. The fate of the

Moon Agreement184 should warn us: after it had been drafted with the involve-

ment and general consent of all important states concerned, a swift change in the

global political climate caused all those to renege on actually ratifying and in most

cases even signing it. Thus, it currently has only thirteen parties (including none of

the major space-faring nations) plus four states only having signed the Agreement

(including France and India); its relevance in legal terms is therefore to be severely

doubted. Clearly, therefore, there is no easy road when it comes to building a legal

regime acceptable and fair to all, as well as workable and efficient – but inevitably it

is a road wemust take, as the alternative would be considerably worse: a legal near-

vacuum in outer space.
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into force 6 July 1884. USTS 379. UKTS 1907 No. 21. ATS 1907 No. 6. Later treaties further added

to the scope and extent of global application and protection of patents and related rights, such as the

Patent CooperationTreaty,Washington, done 19 June 1970, entered into force 24 January 1978. 1160

UNTS 231. TIAS 8733. 28 UST 7645. Cmnd. 4530. UKTS 1978 No. 78. ATS 1980 No. 6. 9 ILM

978 (1970).
173WIPO was established by means of the Convention Establishing the World Intellectual Property

Organisation (WIPO), Stockholm, done 14 July 1967, entered into force 26April 1970. 828 UNTS 3.

TIAS 6932. 21 UST 1749. UKTS 1970 No. 52. Cmnd. 3422. ATS 1972 No. 15. 6 ILM 782 (1967).
174Art. V, Outer Space Treaty; title and Preamble of the Agreement on the Rescue of Astronauts, the

Return of Astronauts and the Return of Objects Launched into Outer Space (hereafter Rescue

Agreement), London/Moscow/Washington, done 22April 1968, entered into force 3December 1968.

672 UNTS 119. TIAS 6599. 19 UST 7570. UKTS 1969 No. 56. Cmnd. 3786. ATS 1986 No. 8. 7

ILM 151 (1968).
175Art. VIII, Outer Space Treaty; Art. 1, 2, 3, 4, Rescue Agreement.
176 Veldhuyzen, R. P. and Masson-Zwaan, T. L. “ESA Policy and Impending Legal Framework for

Commercial Utilisation of the EuropeanColumbus LaboratoryModule of the ISS”. The International
SpaceStation:CommercialUtilisation fromaEuropeanLegal Perspective. von derDunk, FransG. and

Brus, Marcel. M. T. A. eds. Leiden: Brill, 2006. p. 55.
177Art. I(c), Liability Convention.
178Art. II, III, IV, V, XII, VIII, VI, XIV–XX, Liability Convention.
179 Such evaluation arises inter alia from clauses referring to cases involving more than one state in the

causation of damage, where only the inter-party distribution of third-party liability was referred to,

which depending upon the case was then explicitly or implicitly left for those states to deal with (Art. V

(2), resp. Art. IV(2), Liability Convention), Art. III referring to damage done to the space object of
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another state, and Art. VII(b) inter alia excluding “foreign nationals ( . . . ) participating in the launch”
from the scope of the Convention in case they suffer damage caused by the space object thus launched.
180Art. 17, 1998 Intergovernmental Agreement.
181Art. 16(2.f), 1998 Intergovernmental Agreement. This article defines such Protected Space

Operations as “all launch vehicle activities, Space Station activities, and payload activities on Earth,

in outer space, or in transit between Earth and outer space in implementation of this Agreement, the

MOUs, and implementing arrangements”, then taking care to even further elaborate the broad scope of
the concept with further examples.
182Art. 16(1), 1998 Intergovernmental Agreement. Art. 16(2.b) then defines “related entity” again very
broadly as “(1) a contractor or subcontractor of a Partner State at any tier; (2) a user or customer of a

Partner State at any tier; or (3) a contractor or subcontractor of a user or customer of a Partner State at

any tier”.
183Art. 16(3d), 1998 Intergovernmental Agreement.
184Agreement Governing the Activities of States on the Moon and Other Celestial Bodies (hereafter

MoonAgreement), New York, done 18December 1979, entered into force 11 July 1984. 1363 UNTS

3. ATS 1986 No. 14. 18 ILM 1434 (1979).

4.5 Space law in the age of the International Space Station

161





CHAPTER 5

SECOND ODYSSEY:
HUMANS IN SPACE EXPLORATION:

WHAT EFFECTS WILL IT HAVE?





5.1 Summary
Jean-Pierre Swings

In the “Vienna Vision” issued at the end of the conference, four sections appear for

this “Second Odyssey”: humanity, discovery, culture and rights (i.e., legal frame-

work and planetary protection for the latter). “The human factor is essential”,

“Space exploration . . . opens up the opportunity to follow the thrust of scientific

and cultural curiosity”, and it “will serve as inspiration for the younger generations”,

etc. are excerpts from those paragraphs that actually constitute the four themes of

this section of the book.

Wolfgang Baumjohann answers the question “Humans –more than the better

robots for exploration?” by a clear and distinctive “yes” and “no”! He proceeds with

two subtleties and a conclusion. The former are “Shall humans go TO explore

Moon andMars? NO. Shall humans go AND explore Moon andMars? YES” as

well as an interesting difference between scientific exploration and real exploration.

His conclusion is that science alone is not and cannot be a driver for human

exploration of outer space, but that undoubtedly new scientific knowledge is and

will be a natural by-product of humans going to the Moon and to Mars.

Jacques Arnould, who, due to his multidisciplinary background, takes an active

interest in the inter-relations between sciences, cultures, and religions showed us

one single slide of Pieter Bruegel�s “Landscape with the fall of Icarus” and read a

semi-philosophical text on the thoughts and concerns of a shepherd about leaving,

or not, the island of Crete, and also about the reactions of the various people he

met. His talk, and his text, are entitled “Philosophy of humans leaving the Earth”.

Then comes “Human spaceflight as a matter of culture and national vision”, by

Stephan Lingner. He demonstrates that the dispute about the need(s) and

usefulness of humans in space (flights), especially with regard to return for

investment, is often discussed along wrong categories, thus leading to “utilitarian”

fallacies. He also introduces the concept of “trans-utilitarian” criteria and con-

cludes that, despite a possible dichotomy between these two concepts, “manned

spaceflight is principally legitimate and reasonable”.

Finally,UlrikeBohlmann, in her paper entitled “In need of a legal framework for

space exploration “stresses well that” a viable legal framework is needed to ensure

the balancing of interests between different groups of concerned actors” since,

indeed, space exploration initiatives require important investments and continue

to be considered as risky. The conclusion of her contribution that deals with fairly
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controversial topics such as non-appropriation, environment protection, nuclear

power sources, international cooperation, is that “the evolution of space explora-

tion law towards a scientific focus reflects the shift of politicalmotivations of space-

faring powers fromhard power arguments to a cultural imperative, clad as the quest

for scientific knowledge”.

As stated at the beginning of this introductory summary there has definitely

been a wealth of different cultural topics during this lively SecondOdyssey session!
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5.2 Humans – more than the better robots
for exploration?
Wolfgang Baumjohann

5.2.1. Introduction

The scientific exploration of outer space, defined here as going to places between

theEarth�s ionosphere at 100 km altitude and the outer reaches of our solar system,

some 10 billion kilometres away, and doing measurements there, has been done

mostly by robots.Why? For the outer solar system, beyond the orbit ofMars or the

asteroid belt, the answer is simple: we do not yet have the technology to let humans

go there, let alone survive there. In the inner solar system, Venus is within reach in

terms of travel time, but both Venus and Mercury�s conditions are so hostile that
the survival of humans would not be possible.

That leaves the Moon and Mars, possibly near-Earth asteroids, and the near-

Earth space area in general. For these objects and regions, the answer depends on a

subtle difference in the way the question is posed. Shall humans go to explore the

Moon and Mars? No. Shall humans go and explore the Moon and Mars? Yes.

5.2.2. Scientific exploration

Scientific exploration of outer space begun in 1958 with the launch of the first

scientific satellite, Explorer-I, into the Earth�s orbit, which led to the discovery of
the Van-Allen belts (Sputnik-I was launched 4 months earlier, but did not carry

any instruments). While Van Allen�s Geiger counters can hardly be called robots

(and indeed the first scientific measurement in space was actually a non-measure-

ment. The Geiger counters became saturated because the energetic particle flux

was much higher than expected), and with the advent of the computer age, the

scientific instruments and space probes became more and more sophisticated and

now can rightfully be called robots. In particular the Mars Exploration Rovers

Spirit and Opportunity, which have been rovingMartian soil since early 2004, are

role models of robots even by their appearance.

In situ measurements done by robots have enlarged our knowledge exponen-

tially about Earth�s space neighbourhood and our solar system.Most planets and a
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number ofminor bodies have been visited at least duringfly-bys.More orbiters and

landers are underway, are being built, or are at least in the planning stage.185 The

question is: would humans have done better? Yes, of course, and the Apollo

programme has shown that humans are still better at science than robots. But it

comes at a price, a price too high to pay for science.

Already at the inner edge of space, in low-Earth orbit, having humans do

experiments is considerably more expensive letting robots do them on an

automated re-entry module like Foton-M. Even biological and medical research

can be done during such a relatively cheap unmannedmission.186The difference in

price becomes much larger if one compares robotic sample return missions to

establishing a lunar base or a return trip to Mars. One hundred billion and 400

billion Euros have been estimated for establishing a lunar base and a combined

Moon–Mars programme,187 respectively. Comparing these numbers with the cost

of a robotic rover, roughly one billion euros, or a sample return mission at, say two

to three billion euros, one might argue that the potential frequency of robotic

missions might overcome the ability of humans to respond to unforeseen

circumstances.

However, the 13-digit figures in euro or U.S. dollars (or even more digits in

yuan) are most likely not the only price to be paid. Unfortunately, on several

occasions we have seen that human spaceflight can cost a priceless quantity: human

life. In the past, these disasters were caused by failures of human technology. In

the future, thinking about lunar exploration or going to Mars, another equally

dangerous threat comes into play: stormy space weather.188

The sun continuously emits a stream of energetic particles, the so-called solar

wind. At times big eruptions in the sun�s outer layer, so-called coronal mass

ejections, catapult huge blobs containing even more of these energetic ions and

electrons. When such blobs of solar plasma hit the Earth, most of the potentially

hazardous particles are deflected by the Earth�s magnetic field, which extends tens

to hundreds of thousand kilometres into outer space and serves as a magnetic

barrier that shields the so-called magnetosphere,189 at least partially, from these

dangerous events. Even so, a number of (automated) spacecrafts have stopped

functioning during such events,most likely due to severe damage of their electronic

components by electrons and ions with energies of some hundred thousand to

millions of electronvolts.

Thus far, no human life has been lost in these space storms, mainly because

humans hardly left low-Earth orbit, where the magnetic shield is still very strong

and deflects most of the damaging particles. The situation is different when

travelling to theMoon. At lunar orbit, the terrestrial magnetic field is already quite

weak and cannot serve as a protective shield anymore. In fact, several of the Apollo

missionsmissed space storms by days or weeks only whosemillions of electronvolts
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protons would have caused a high cancer risk or severe radiation sickness for the

astronauts and a potential �crew-killing� event occurred between theApollo 16 and
17missions.190

There is still hope of overcoming this problem for lunar missions. The coronal

mass ejections and their hazardous particles need 3 to 4 days to travel from the sun

to the Earth, just about the same time astronauts need to travel from the Earth to

the Moon. With the advent of modern solar observatories like the recently

launched Stereo pair of spacecraft,191 one is able to see the birth of coronal mass

ejections, allowing the delay of a launch until the storm subsides.

For astronauts, cosmonauts, or taikonauts, on their months-long journey to

Mars (even assuming that not yet-available nuclear propulsion will allow shorter

transits), the situation is different. Their spacecraft will be hit by the full force of the

space storms and they could die or at least suffer severe radiation damage unless

their spacecraft is heavily shielded. Shielding is, in principle, possible, but comes at

the cost of adding substantial weight for thick layers ofmetals or composites, water

tanks, or devices generating powerful magnetic shields. Developing a light-weight

way of shielding against solar storms and the even more hazardous cosmic rays,

which originate from supernova explosions,will be essential tomake interplanetary

travel different from sitting close to a leaky nuclear reactor and tomake the travel of

humans to Mars (and beyond) possible at all.

5.2.3. Real exploration

Real exploration in the classical sense, i.e., going to new frontiers and expanding

the human sphere into outer space, is a different issue. In this context, the cost is

not as much an issue, and also the risk of life is not out of question anymore. In

fact, while people risking their life for gaining new scientific insight are likely to be

labelled suicidal, people dying for whatever greater goal become heroes. Like in the

exploration of the polar regions, the first ascents of the 8000-m peaks in the

Himalaya, as well as in the Apollo mission, national prestige and patriotism come

into play and render the concept of cost, be it financial or possible loss-of-life,

secondary. Even many individuals who are not advocates of patriotism or national

pride believe that real exploration is worth a higher cost envelope than purely

scientific exploration (including the author of this article). While most space

scientists will not agree that home-delivery of a few kilograms ofMartian stones by

human hands is worth half a trillion euros and the potential hazard to human life,

deep in their heart they feel like all human beings: exploration and striving for new

frontiers are an integral part of humanity. In real exploration, robots can do

reconnaissance, but cannot replace humans.
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Like many real explorers, the space explorers will most certainly do scientific

work during their journeys as well. Good examples are the polar explorers. Fridtjof

Nansen�s first priority certainly was not to gain new scientific insights on the polar

region, but his two-volume report192 about the voyage of the ship “Fram” in

1893–1896 that contains a wealth of new knowledge about the northern coast of

western Siberia and the Arctic Ocean.

5.2.4. Conclusion

To use humans for purely scientific exploration of outer space is prohibitive, in

terms of excessive cost as well as because of the high risk involved. For exploration

in its classical meaning, i.e., travelling to unknown regions, human involvement is

essential and the high cost and risk become bearable. Hence, science is not and

cannot be a driver for human exploration of outer space. However, new scientific

knowledge is, and will be, a natural by-product of humans going to the Moon,

Mars, and beyond.

185CosmicVision spec. issue ofExperimentalAstronomy (2008). Pleasefind the complete information

for this footnote.
186 Ball, Philip. “Space experiments should be done on the cheap”. Nature News 24 September 2007:

doi:10.1038/news070924-13. Specify the information on pages.
187Haerendel, Gerhard. “Exploration needs cooperation”. Space Research Today 169 (2007): 32–34.
188 Bothmer, Volker, and Daglis, Ioannis A. Space Weather: Physics and Effects. Berlin: Springer,

2007.
189 Baumjohann, Wolfgang, and Rumi Nakamura. “Magnetospheric contributions to the terrestrial

magnetic field”. Treatise on Geophysics. Schubert, Gerald ed. vol. 5. Amsterdam: Elsevier, 2007. pp.

77–92.
190 Lockwood, Mike. “Fly me to the moon?” Nature Physics 3 (2007): 669–671.
191Driesman, Andrew, Hynes, Shane and Cancro, George. “The STEREO Observatory”. Space
Science Review (2008).
192Nansen, Fridtjof. Farthest North. 2 vols. Westminster, 1897.
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5.3 Humans leaving the Earth –
a philosopher�s view
Jacques Arnould

My name is (the shepherd). I was born in Herakleion and I have never

left Crete since. I�m a shepherd, like my father was before me. When all this

happened, I was grazingmy flock close to the shore. There�s notmuch grass, and it

tends to be salty, but at ploughing time there�s not much good grazing to be found

anywhere else; even the sheep seem to know that and don�t complain. I didn�t see
the young chap drown. I just heard someone cry out something that sounded like

“Father!” I didn�t paymuch attention; I was watching a flight of swallows, trying to

tell whether they meant that rain was on the way or whether it would stay fine. But

you should ask my friend (the fisher) who was fishing down by the shore.

Oh, I see you�ve already asked him.

Did I know the young man? Yes, of course – though perhaps I should say it was

rather his father I knew, Mr. Daedalus. He�s a proper gentleman, an intellectual

Fig. 1. Pieter Bruegel, Landscape with the Fall of Icarus (c. 1558).
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come down here from Athens. What do I know about him? He works for King

Minos. He came to me once because he wanted to buy a cowhide. He gave me a

good price for it too. Icarus – as you probably know – was a son of his, born to a

serving girl at the palace. It�s a bad business, him dying so young like that. Since

you�re from the police, perhaps you can tell me: what happened to the poor lad,

exactly? Did he throw himself off the boat that I saw anchored in the bay?

Unrequited love, perhaps? He seemed no more than an adolescent. What did you

say; he fell out of the sky? Come on, you�re pulling my leg! Oh, all right, if you say

so . . . Well then, it must have been him I saw flying towards the sun just on

midday. I thought it was an eagle at the time.

If you want my opinion, I wouldn�t like to say he deserved what happened to

him, but he was tempting providence. Whatever was he doing up there? The

heavens are for gods and goddesses, not humans. If we were meant to fly like birds,

we�d be born with wings. And what have we got instead? Feet for walking on the

ground and hands to hold a stick, like mine. Don�t you think we�ve got enough
ways of getting around? I�mconstantly on the gowithmy flock.We have to cover a

lot of ground to always be on a good pasture at the right season. In the trade we call

that transhumance: here today, gone tomorrow. Our hero, for us pastoral

shepherds, is Ulysses: on the one hand, a ship to cross the seas and have exciting

adventures; on the other, a wife waiting at home. Nothing like the crazy scheme of

this poor Icarus chap; not surprising that he came to grief.

Oh, I see, you think he was trying to escape from the island!Well in that case, it

must have been his father�s decision – everyone at the palace knows he�s not on very
good terms with his employer; I heard the King even had father and son shut up in

the labyrinth to stop them leaving. I can understand why Daedalus had wanted to

get away: ever since theQueen went off the rails and gave birth to thatmonster, life

has become a lot more difficult for us ordinary people. The worst thing that can

happen is to have a cuckolded king! But is that any reason to run out on us? I think

Daedalus has a lot to answer for, trying to get away and let us all down, rather than

looking for a solution to help us all out of trouble. We give him a big welcome,

make sure he lacks nothing and then one fine morning he ups and disappears. I

sometimes think I�d like to get away from here too, but I tell you, I wouldn�t just
abandon everybody – I�d try and take my family and friends with me.

Imust say though, when you think about it, it must bewonderful to be able to fly

and see the world from above. A few years ago I decided to climbMount Ida with a

friend and colleague of mine.We came across an old shepherd in one of the mountain

dales, who tried, at great length, to dissuade us from the ascent, saying that some 50 years

before he had, in the same ardour of youth, reached the summit, but had got nothing for

his pains except fatigue and regret, as well as clothes and body torn by the rocks and

briars. No one, so far as he or his companions knew, had ever tried the ascent before or
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after him. But since youth is suspicious of warnings, his counsels increased rather than

diminished our desire to proceed. So the old man, finding that his efforts were in vain,

went a little way with us, and pointed out a rough path among the rocks, uttering many

admonitions, which he continued to send after us even after we had left him behind.

Well, it was hard going, I can tell you, and as we struggled up I often thought of the

words of some poet, Ovid I believe, that our schoolteacher (oh yes, I went to

school) made us learn by heart: “Wishing is not enough; to possess a thing fully,

you must desire it ardently.” Ah, we wanted it already, that wretched summit. It

took us hours and hours, but we finally made it. At first, owing to the unaccustomed

quality of the air and the effect of the great sweep of view spread out before me, I stood like

one dazed. I beheld the clouds under our feet, and what I had read of Athos and Olympus

seemed less incredible as I sawwith my own eyes the same things from a mountain of less

fame. I turned my gaze towards the part of the islandwhither my heart most inclined.

I could see Herakleion, my parents, my family and my flocks away in the distance.

I sighed, I must confess . . . and an inexpressible longing came over me to see them

again.193

I can see you�re surprised, Mr. Policemen. You didn�t expect a shepherd from

Herakleion to harbour feelings of nostalgia in his bosom, I suppose? Although our

jobs have something in common; I reckon keeping watch over sheep is a lot easier

than keeping watch over people and leaves more time to learn and especially to

think. And don�t forget, we�ve always got one eye on the heavens, watching the

Evening Star. It�s the first to come out at dusk and the last to die away at dawn. It

shines just at the time we�re either driving the sheep to the fields or bringing them
home to the fold. That�s why some call it the Shepherd�s Lamp.

What�s that, you say it�s a planet? Venus? Oh, I didn�t know. You mean she

doesn�t actually shine on her own but because of the sun? That seems a shame, but

then again it�s rather touching that our gateway, our guide to the heavens, should
be a woman. Nature is feminine too, and I love nature. Besides, getting back to

Icarus, I wonder whether those two (because you did sayDaedalus hadmanaged to

fly as well, didn�t you?) would have survived very long, up there in the sky. I mean

all birds, even the ones that cross the seas, have to come down sometime. I�ve said it
before, but up there is no place for us humans and animals. They would have had to

take up a house to sleep in and a garden to grow things to eat: we�re not like the
gods, living on nectar and ambrosia! If ever one day – but I can�t see howwe would

ever do it –wemanage to navigate through the clouds and land on the moon, I bet

the first thing we do will be to sow wheat and plant vines!

Really? That�s exactly what my friend (the ploughman) told you?

It�s true, when the tragedy occurred he wasn�t far off – he�d just finished ploughing
his field. He didn�t see anything either? I�m not surprised: when you�re behind a

horse and plough, you�ve no time to stare at the sky. What�s more, I might as well
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tell you: that same evening we got together with our friend at the tavern

down by the harbour, to talk about the accident. Of course, each of us had his own

opinion, so after a bottle of wine from Archanes the conversation became quite

animated. I was impressed by what said. He�s not an undisciplined

nomad likeme, nor like afisherman; depending on theweather: to him theworld is

more like a field, marked out with cornerstones, sometimes even with walls or

hedges; you have to follow the furrow carefully if you want to harvest enough to live

on and to feed your family. Sometimes I think he sounds like the priest at our

temple: he explains that the world was arranged by the gods, with a place for

everyone and everything. He says that�s why we call it the cosmos and that we

have to distinguish between what is sacred and what is profane. And blah-blah-

blah . . . Begging your pardon, Mr. Policeman, but he can get a bit boring, old

, when he tries to sound like Socrates. Anyway, that evening even he

admitted that there might be another way of looking at things, the rules we live by

and what we call sacred. “For something to be sacred,” he said, banging his great

ploughman�s fist on the table, “means that it can be transgressed! If a temple is

sacred, thatmeans there�s a way of violating it. If the heavens are sacred, it�s just the
same.” and me, we could hardly believe it: whatever had gotten into him?

Then, the next thing you know, no doubt his mind was still addled by the wine

from Archanes (or were we drinking Sitia?), he got carried away and started

making a funeral speech for Icarus! You should have heard him . . . I don�t know
where he gets it all from. He said something like: And whither then would we go?

Would we cross the sea?Whither does this mighty longing draw us, this longing that is

worth more to us than any pleasure?Why in this particular direction, thither where all

the Suns of humanity have previously gone down?Will it perhaps be said of us one day

that we too, steering westward, hoped to reach a new India – but that it was our fate to

be wrecked against infinity? Or what, my brothers? Or what?194 You know what,

Mr. Policeman, I thought he�d gone a bit mad, old .What was all this

about India and travelling west? But he was so excited, so enthusiastic that in the

end we had to join him in a toast to Icarus, singing his praises, mourning his death,

swearing that we would follow his example, take up the baton and try and explore

the heavens just like him . . . Yes, yes, I know, you found me the next day lying in

the gutter, a few yards from my sheepfold. But what�s the point of it all if we can�t
dream a little?

193 Petrarque, Lettres de Vaucluse, trad. Victor Develay, Carpentras, Editions Le nombre d�or, 1974,
Lettre au P. Dionigion Roberti, p. 83 et 86.
194 Fr�ed�ericNietzsche,Aurore. R�eflexions sur les pr�ejug�esmoraux, trad.Henri Albert, PAris,Mercrure

de France, 1943, p. 418–419, no. 575.
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5.4 Human spaceflight as a matter of culture
and national vision
Stephan Lingner

5.4.1. Introduction

Human space activities are the subject of critical debate and justifications in the

public –much more than other fields of human action and research – as well as in

the scientific community due to the great amount of money spent in a highly

competitive environment for public funding of scientific research and technologi-

cal development. The exceptional visibility of space flight is a factor that intensifies

the questions of legitimacy and creates public pressure unlike other huge invest-

ments in large facilities and enterprises, which are developing outside the limelight

of public attention.195 This situation exerts particular pressure on sound reasoning

when reaching budgetary decisions for manned spaceflight beyond any short-lived

credits that may be gained from single, attractive missions.

Therefore, this paper discusses the general arguments frequently put forth against

human spaceflight and reflects on the cultural dimension of human spaceflight and

its specific impacts as well as the specific role of spaceflight at the national level. The

paper closes with some central theses on the legitimacy of human spaceflight.

5.4.2. The utility of spaceflight

After 50 years of development, spaceflight is still a continuously emerging

technology field. The dimension of the supporting infrastructures and related

efforts are the subject of societal debates of the contributions – and also possibly

adverse effects – of space activities. Nonetheless, a broad acceptance of unmanned

spaceflight for the peaceful purposes of Earth observation and telecommunication

is becoming apparent worldwide. This acceptance is obviously being driven by the

concrete benefits of remote sensing infrastructures for human life, comfort and the

environment. Moreover, these benefits are enhanced by the relatively “moderate”

costs and the related efforts. In the case of space-based telecommunication, the

cost-benefit ratios have even become profitable and have thus resulted in successful

commercialization and privatization in the sector.
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Ever since, expectations towards commercial benefits have been made also with

respect tomanned space activities in a somewhat strange consent of proponents and

opponents of spaceflight. Consequently, the proponents of manned space activi-

ties developed industrial scenarios in the late 1980s, e.g., promising large-scale

production of valuable materials under unique microgravity conditions of space in

due time. However, these ambitions were based on rather optimistic expectations

and have ended in disappointments in some cases. As a consequence, space

“business” enthusiasm has turned into profound pessimism among the public

regarding the significance of spaceflight, accompanied by more restrictive space

policies. Manned spaceflight has not yet fully recovered from this setback.

The reason for this lasting disappointment lies in implicit, but unchanged

utilitarian views ofmany decision-makers and actors, which suffer from economy-

driven myopia in the assessment of future spaceflight options while ignoring the

other cultural benefits of spaceflight apart from the monetary valuation. It is

therefore not surprising that from this limited perspective even those arguments

in favour of manned spaceflight, e.g., that stress the interactive role of humans in

“intelligent” space utilization and exploration, are easily disputable from the

same biased perspective. Thus, an argument put forth is that humans in space

affect their specific space environments while working in it. This may be the case

when astronauts threaten to interfere with their sensitive microgravity experi-

ments or with pristine planetary surfaces, thus being blamed of risking the return

of investments. In fact, these failures cannot be ruled out for robotic missions

either, but the “moderate” costs here seem to be acceptable for the sceptics who

prefer unmanned spaceflight. However, any option to act would hardly be

attractive if poor results were to be expected, even assuming “only” moderate

expenditures. This holds true unless there are non-utilitarian justifications of

spaceflight. Any valuation of manned spaceflight as being generally “too

expensive” would be arbitrary, because this statement lacks the necessary

reference to the aspect of human aims that helps one to assess whether certain

actions should be taken or not. The question therefore would be if culturematters

beyond monetary terms.

5.4.3. The trans-utilitarian perspective

Spaceflight just like other grand challenges and long-term commitments on

Earth cannot be assessed in monetary terms alone. The erection of the Eiffel

tower or the operation of theatres might be indeed be considered irrational – but

only with respect to the financial aspect. However, societies apply – and have

applied in the past as well – non-utilitarian criteria for good reasons: to meet
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specific needs or preferences irrespective of their substitution potential formoney

or other exchangeable goods. Actually, the conversion potential of the latter

cannot be an aim in itself – it merely increases the flexibility of the actors and is

therefore more relevant as a means rather than goals. Even if welfare or earning

money were legitimate (secondary) goals, they should not exclude other aims as

legitimate or rational. In fact, economic rationality is part of a broader cultural

practise, which encompasses political, juridical and scientific rationality, among

other things. The outcomes of culture are societal contracts, human cognition

and development, which are central to humanity but hard to estimate in

monetary terms. As regards the valuation of spaceflight, one might thus state

that it has to be seen as a broader cultural option of humankind. Corresponding

trans-utilitarian objectives are manifold and might be classified along several

sub-categories196 (see Figure 2).

Basically, space travel enables the expansion of the human cultural sphere by space

exploration and presence in space as well as by corresponding technological

progress197 and finally, by the enhancement of human cognition.198 From this

perspective, spaceflight may be viewed in the tradition and as an extension of the

fascinating major discoveries of terra incognita and deep-see regions in the past.

Thus, the famous Alexander von Humboldt travelled through South America

explicitly for the purposes of research and public enlightenment.199 Ultimately,

space travel will widen the scope of human options and choices – in the sense of

advancing humanity – by establishing a cosmic culture. The latter – if desirable –

would be even exclusive with respect to spaceflight as means (Figure 3).

Another line of argument is based on the maxim of a peaceful civilization on

Earth: spaceflight could contribute to the multi-lateral organisation of global

society by international cooperation and participation in its major projects. The

Fig. 2. The cultural dimension of human spaceflight (source: Stephan Lingner).
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plurality of space-exploring nations might thus balance the distribution of power

towards a polycentric political culture on Earth. This aim might be indeed

achieved by other international enterprises too, but human spaceflight is a

promising option for peaceful cooperation, here.

Although human spaceflight might also give new insights and knowledge in

planetary science, astronomy and cosmology, it has to compete with corresponding

unmanned activities, here. Finally, the creation of economic value by human

spaceflight is yet not clearly foreseeable, although certain conceptions might

promise benefits, e.g., production and utilization of power from space.

5.4.4. Arguments at national level

The above-mentioned cultural rationales for human spaceflight generally also

apply to the national level. A specific cooperation motive for space-faring nations

lies clearly in the expectation of national participation in the new options. Another

highly criticalmotive for human spaceflight gave way to the “space race” during the

Cold War. It aimed at the predominance of one society over another. This

imperialistic motive cannot be generalized in a peaceful environment, because its

notion violates the basic “neminem laede” principle (not-harming-others princi-

ple). Therefore, it is not acceptable for the community of states.

The meaning of the leadership motive seems to be somewhat similar if it were

directed towards cementing the asymmetry of power for overwhelming others.

Fig. 3. Manned exploration of the lunar surface, Apollo 17 (source: NASA).
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Nevertheless, leadership as an ambivalent notion and should not be blamed as

biased and adverse in every case: instead, those leadership motives that are based

solely on initiative, ability and even national prestige should be weighted as

legitimate. In this respect and for practical reasons, leadership might be even

necessary, because some countries have to take the lead in complexmissions as long

as not all interested countries are able to do so. All countries would be better off as a

result, which is in line with the “difference principle” in ethics. Therefore,

leadership could be justified by this notion, if we accept some differences within

the context of this principle.

Another argument for already space-faring countries is “keep existing options

open”. Giving up any already acquired spaceflight know-how would need

explaining. The reasoning would have to come from the opponents – not the

proponents in this case. This would apply similarly to the closure – not the

operation – of already existing theatres, operas and other cultural institutions.

5.4.5. Remaining ethical questions

In addition to this differentiated view, there are some remaining problems of

justification of human spaceflight, which concern both utilitarian and trans-

utilitarian perspectives on national and international levels:200 The sceptical thesis

that humans should be modest201 instead of aiming for the stars is a sufficiency

claim, which strictly speaking cannot be generalized nor it limitations defined.202

Moreover, it would question all technological progress as well, and implicitly, the

cultural development of humanity as a whole, which is hardly acceptable. This

thesis is somewhat similar to the (often religiously motivated) ideal that human�s
destiny is restricted by its “natural” terrestrial borders, because either for the

aforementioned reason of modesty or for reasons of the “sacrosanct” nature of

space. This argument may be classified as a naturalistic fallacy, because the

perception of systems of borders alone – like that of Earth�s surface – cannot

prescribe tolerable limits to human action. One should not forget that the

European continent did not pose any “normative power” against Columbus or

Magellan while preparing for new overseas discoveries or against early humans

migrating “out of Africa”.

A third sceptical argument stresses the hostility of the space environment for

human life. Therefore, humans should refrain from spaceflight. This argument is

not convincing with respect to the availability and potential of appropriate life-

supporting systems. Humans have already proven their ability for technical

adaptation to other harsh environments by settlements in Siberia, manned

expeditions to the poles, to deserts and deep-sea regions as well as modern air-
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travel. In summary, there is no generally valid argument for human self-restraint

that could be put forth against an ethos of transcendence towards space.

5.4.6. Conclusion

This short analysis argues that manned spaceflight as a principally legitimate and

reasonable enterprise. However, this does not mean that itmust be carried out as a

priority nor that there is no need for case-sensitive, in-depth analyses of the

mission-specific ethical questions.203 In fact, public and private actors have to

decide on the extent of their participation in international space exploration as one

option among others, weighing all utilitarian and trans-utilitarian criteria, quite

similar to the reasoned choices for or against other cultural enterprises on Earth.

Any decisions should respect the potential of human spaceflight for the

enrichment of human opportunities and choices by overcoming natural obstacles

of human cultural development. Human spaceflight might not necessarily have

concrete benefits in the short-term, but will open the way to new ones. Nonethe-

less, decision makers should make their criteria and reasoning transparent and

explicit to the public. This would be prudent – at least over the long run – for the

stable acceptance by the public andwould constitute a clearmandate for the potential

long-term objective of international space exploration.204

Finally, the perceived dichotomy of utilitarian and trans-utilitarian valuation

should not mislead opponents or competing actors of spaceflight to play-off one

approach against the other for two reasons: Both approaches ultimately contribute

to cultural development, which is driven by the two different albeit complementary

aspects. Moreover, the two sides of the coin represent ends of an unbroken

justification for spaceflight rather than a polarity of possible reasons, thus leaving

no room for inherent weaknesses in the overall concept.205

195 Examples may be large ion-colliders and electron–synchrotons for nuclear physical research.
196Gethmann, Carl Friedrich. “Manned Space Travel as a Cultural Mission”. Poiesis & Praxis.

International Journal of Ethics of Science and Technology Assessment 4 (2006): 239–252.
197 This may also include “spin-offs” as desirable surprises.
198Another side-effect resulted from the well-known “overview effect” which became a driver for

world-wide environmentalism for more the 30 years. See also Seboldt,Wolfgang et al. “A review of the

long-term options for space exploration and utilisation”. ESA Bulletin 101 (2000): 31–39.
199 Knobloch, Eberhard. “Erkundung und Erforschung – Alexander von Humboldts

Amerikareise”. Poiesis & Praxis: International Journal of Ethics of Science and Technology

Assessment 4 (2006): 267–288.
200Gethmann, Carl F. “Man in space: The Ethics of Space Policy”. P. Pompidou, Alain ed. Paris:

UNESCO. pp. 55–56.
201 Jonas, Hans. Das Prinzip Verantwortung. Frankfurt a. M: Suhrkamp, 1979.
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5.5 The need of a legal framework for space
exploration
Ulrike M. Bohlmann206

5.5.1. Introduction

A growing number of exciting missions are being planned and undertaken in the

exploration of our solar system.

What is the legal framework for thesemissions?Why is the framework as it is?

Is it sufficient as it is? What developments are to be expected in the near future?

Such are the questions this article attempts to answer. After giving a survey of the

applicable legal regime with a special emphasis on the issues of non-appropriation,

planetary protection, the use of nuclear power sources, and international coopera-

Fig. 4.Artist�s illustration of the proposed roadmap for ESA�s Aurora exploration programme that could lead
to a human flight to Mars (source: � ESA – P. Carril).
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tion, this framework will be assessed with a view to establishing some trends in the

evolution of the law, which will lead us to some tentative conclusions on what

future developments might be expected.

Space exploration initiatives continue to be a high-risk venture from several

perspectives; as with all space activities, they requiremajor investments and are still

regarded as hazardous. The danger of accidents is relatively high and the potential

damages are difficult to assess. Therefore, a viable legal framework is needed to

ensure a balance of interests between the different groups of actors involved.

Conflicting interests need to be harmonized into a compromise that achieves an

equitable sharing of liabilities and benefits among all parties involved.

5.5.2. The term “exploration” in the Corpus Iuris Spatialis

The term “exploration” occupies a prominent place in the international space law

codifications. The full title of the so-called “Magna Charta of Space Law” reads

Fig. 5. An artist concept of ESA�s ExoMars rover on Mars under study on behalf of the Aurora programme

(source: � ESA-Medialab).
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“Treaty on Principles Governing the Activities of States in the Exploration and

Use of Outer Space, including the Moon and Other Celestial Bodies”.207 The

second paragraph of the preamble recognizes the common interest of all mankind

in the progress of the exploration and use of outer space for peaceful purposes;

Articles I and 2 stipulates the general freedom for all states to explore and use outer

space, including the moon and other celestial bodies. In general, the term

“exploration” signifies investigation, search, study, or travel for discovery parallel

to a geographic expedition. In a narrower sense, the term is understood to mean

investigation of the universe beyond the Earth�s atmosphere by means of manned

and unmanned spacecraft.

The use of the term “exploration and use” throughout the Outer Space Treaty

also embraces the “use” that can be made of outer space in the sense of using it for

other purposes than mere study and research, e.g., space applications. The

fundamental legal basis of all space exploration activities can be found in Articles

I, 2 and 3 of the Outer Space Treaty:

“Outer space, including the Moon and Other Celestial Bodies, shall be free for

exploration and use by all States without discrimination of any kind, on a

basis of equality and in accordance with international law, and there shall be

free access to all areas of celestial bodies.

There shall be freedom of scientific investigation in outer space, including the

Moon and Other Celestial Bodies, and States shall facilitate and encourage

international cooperation in such investigation.”

Addressees of the rights and obligations of the Outer Space Treaty are first and

foremost the States Parties to the Treaty. Apart from the States as the sovereign

political entities that concluded the Treaty other subjects, with or without legal

personality under public international law, emerge from the text. The Treaty is

“inspired by the great prospects opening up before mankind ”. The “common interest of

all mankind in the progress of the exploration and use of outer space for peaceful purposes”

is recognized and the exploration and use of outer space shall be the province of all

mankind the same as astronauts shall be regarded as the envoys of mankind.

Furthermore, the exploration and use of outer space should be carried on for the

benefit of all peoples irrespective of the degree of their economic or scientific

development.208 These references to mankind which is to be understood to mean

the human race in its entirety and to all peoples of the Earth are part of the maxims

that guided States Parties in the drafting of the Treaties. From a purely legal point

of view, however, public international law, including the Outer Space Treaty,

only addresses States in their relations and interactions. That is also the reasonwhy

any private initiative is always linked to a State Party in the system of public
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international space law.209 The freedom to explore and use outer space is wide-

ranging, but not unlimited. The most important limits to this freedom that are

relevant to the subject of this study are the principle of non-appropriation, the

protection of the environment and requirements for international cooperation.

5.5.3. The non-appropriation principle

The primary limit of the general freedom to explore outer space is the principle of

non-appropriation as enshrined in Article II of the 1967 Outer Space Treaty.210

Non-appropriation is the necessary corollary to the general freedom to explore

outer space, since that freedom is only conceivable if territorial sovereignty is

banned. Consequently, any means of appropriation is prohibited by the Outer

Space Treaty. The principle of non-appropriation confirms that all nations are

vested with equal rights and enjoy an equal access to space resources, regardless of

their current degree of technological development.211 Interesting is also the

solution found in the Moon Agreement.212 Article 11.2 reproduces exactly the

same wording with respect to theMoon as can be found in Article II of the Outer

Space Treaty. This general non-appropriation principle experiences a concretisa-

tion in Article 11.3 that states that

“Neither the surface nor the subsurface of the Moon, nor any part thereof or

natural resources in place, shall become property of any State, international

intergovernmental or non-governmental organization, national organiza-

tion or non-governmental entity or of any natural person. [ . . . ]”

The authors of theMoonAgreement were very explicit about the all-embracing

applicability of the non-appropriation principle. Moreover, they were cautious to

distinctly draw the line between the question of appropriation and property on the

one hand and the right to collect and remove samples for scientific purposes on the

other hand. Article 6.2 provides that

“In carrying out scientific investigations and in furtherance of the provisions of

this Agreement, the State�s parties shall have the right to collect on and remove
from theMoon samples of its mineral and other substances. Such samples shall

remain at the disposal of those States Parties which caused them to be collected

and may be used by them for scientific purposes. [ . . . ]”

The last sentence of Article 6.2 goes one step further in stipulating that

“States Parties may in the course of scientific investigations also use mineral

and other substances of the Moon in quantities appropriate for the support of

their missions.”
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5.5.4. Protection of the environment

The implementation of space exploration initiatives also has an impact on the

environment. Regarding the protection of the environment,213 regulations exist on

quite different levels and with different degrees of intensity. The provisions

contained in the classical corpus iuris spatialis, above all Articles IX and XI of

the Outer Space Treaty, remain ambiguous and leave any “appropriate measures”

to be adopted by the States Parties to avoid the harmful contamination of celestial

bodies and also adverse changes in the environment of the Earth at the sole

discretion of the respective Party to the Treaty. The Moon Agreement, especially

its Articles 7 and 4 elaborates a bit more on the principles regarding the protection

of the extra-terrestrial environment by addressing the issues of forward and back

contamination as well as the principle of intergenerational equity, and reflects

thereby the fact that at the time it was drafted, in the late 1970s, environmental

considerations had become a global concern.

Based on the policy statement, that

“Although the existence of life elsewhere in the solar systemmay be unlikely, the

conduct of scientific investigations of possible extraterrestrial life forms,

precursors, and remnants must not be jeopardized. In addition, the Earth

must be protected from the potential hazard posed by extraterrestrial matter

carried by a spacecraft returning from another planet.”

COSPAR, the Committee on Space Research,214 has elaborated a detailed

Planetary Protection Policy. The COSPAR Planetary Protection Policy is in-

tended for the reference of space-faring nations, to guide compliance with the

obligations of States Parties to the Outer Space Treaty. It is based on the policy of

probabilistic avoidance of contamination. Five different categories are established

for target body/mission type combinations and respective suggested ranges of

requirements, based on the degree of interest they represent for the understanding

of the process of chemical evolution or the origin of life. The COSPAR Planetary

Protection Policy is a very consistent and highly developed system of recommen-

dations by an independent and international body of scientists with the highest

reputation in the field. However, the price to pay for the specificity and wealth of

detail of these guidelines is their lack of legal force; they are not legally binding,

since COSPAR is a non-governmental organisation without institutionalized

authority. Still, it is the continuous policy of many actors in the space field to

complywithCOSPAR�s recommendations and tomodel their national or internal

planetary protection policies according to COSPAR standards. One of the most

prominent examples is the NASA Planetary Protection Policy. The very detailed

and elaborated NASA Planetary Protection Guidelines are intended to apply not
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only toNASAmissions but also to the flight ofNASA instruments or experiments

on non-NASA spacecrafts. However, the quality of these policies and guidelines

remains that of a national internal document that is not binding internationally.215

The ESA Planetary Protection Policy has just recently been adopted by the ESA

Council on 10/11October 2007. It is also compliant with theCOSPAR planetary

protection policy and the corresponding implementation guidelines and stipulates

that spaceflight missions carried out with any degree of ESA involvement shall

comply with this policy and its associated requirements.

The elements of general international environmental law, which need to be

mentioned in the context of this study, are Principle 21 of the Stockholm

Declaration,216 Principle 15 of the Rio Declaration217 and the Convention on

Biological Diversity.218

According to Principle 21 of the Stockholm Declaration:

“States have, in accordance with the Charter of the United Nations and the

principles of international law, [ . . . ] the responsibility to ensure that

activities within their jurisdiction or control do not cause damage to the

environment of other States or of areas beyond the limits of national

jurisdiction.”

Fig. 6. From Earth to Mars via the Moon (source: � ESA – Estudio IADE).
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Thus, the environment of outer space as one of the areas beyond the limits of

national jurisdiction is protected by this principle. The United Nations General

Assembly Resolution 2996 (XXVII) 1972 asserts that Principle 21 [and 22] of the

Stockholm Declaration �lay down the basic rules governing the matter�.219

Principle 2 of the Rio Declaration and Article 3 of the Convention on Biological

Diversity repeat the Principle, so that – although the Stockholm Declaration has

no legally binding character – at least Principle 21may be regarded as reflecting

customary international law. Principle 15 of the RioDeclaration elaborates further

on the so-called precautionary approach220 but is significantly weakened by the

reference to the respective States� capabilities. The essence of the precautionary
approach as contained in Principle 15 of the Rio Declaration is best described

by P. Birnie and A. Boyle:221 in performing their obligations of environmental

protection, states cannot rely on scientific uncertainty to justify a lack of action

when there is enough evidence to establish the possibility of a risk of serious harm,

even if there is no proof of harm.

Article 8 (h) of the Convention on Biological Diversity provides that

“Each Contracting Party shall, as far as possible and as appropriate prevent

the introduction of, control or eradicate those alien species which threaten

ecosystems, habitats or species”.

According to Article 4 of the Convention, its provisions apply, in relation to

each Contracting Party, regardless of where the effects of activities occur, when

carried out under the jurisdiction or control of a Contracting Party, within the area

of its national jurisdiction or beyond the limits of national jurisdiction. Thus, it is

also applicable to the outer space activities of Contracting Parties.222 Accordingly,

the issues of forward and back contamination are dealt with by theConvention; the

potentially harmful introduction of species that are foreign to a given environment,

be it terrestrial or extra-terrestrial, is to be prevented, or at least controlled or

eradicated. This obligation is, however, limited to “as far as possible and as

appropriate”.

The short overview of public international law that is relevant to planetary

protection issues shows the influence a new kind of thinking in ethical and

environmental terms has had on the development of the law. The early texts, like

the Outer Space Treaty and the Liability Convention, base themselves on

anthropocentric and geocentric values. The sole reason for the protection of the

extraterrestrial environment was the preservation of scientific opportunities. The

COSPAR Planetary Protection Policy follows along the same lines. The Moon

Agreement elaborates further on the balance of the extra-terrestrial environment,

and mentions the principle of intergenerational equity for the first time in space

law. Intergenerational equity is one of the main subjects of modern international
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environmental law, based on the Rio Declaration and geared towards the

avoidance of irreversible harm. Nevertheless, the Moon Agreement still lays

special emphasis on the scientific interest, for which international preserves might

be established. The idea to conserve species and their habitat for their intrinsic

value and not just as resources exploitable by man is still relatively young; in the

Convention on Biological Diversity a shift is starting from an anthropocentric to

an eco-centric or bio-centric ethical approach that attributes value to all life as part

of an ecosystem or to all life as such. The next stage of development, to cosmo-

centric ethics recognizing the intrinsic value of the extraterrestrial environment

and of its existing balance has not yet occurred.

5.5.5. The use of nuclear power sources

For a number of technical reasons, nuclear power sources constitute the only viable

option for power supply on most exploration missions, a fact that is already

recognized in the preamble of the “Principles Relevant to the Use of Nuclear

Power Sources in Outer Space”.223 According to Principle 3, individuals, popula-

tions, and the biosphere are to be protected against radiological hazards and the

contamination of outer space is to be avoided. Sections 2 and 3 of Principle 3

establish specific rules for the use of nuclear reactors, on the one hand, and

radioisotope generators, on the other. Principle 3 Section 2 thus allows – with

some further restrictions as to the fuel to be used, the design, and the construction

of the reactor – the operation of nuclear reactors on interplanetary missions, in

sufficiently high orbits and in low-Earth orbits, if the reactor is stored in a

sufficiently high orbit after the operational part of the mission. Principle 3

Section 3 allows the use of radioisotope generators – under certain technical and

design conditions – for interplanetary missions and other missions leaving the

gravity field of the Earth. They may also be used in Earth orbit if, after the

conclusion of the operational part of their mission, they are stored in a high orbit.

In any case, ultimate disposal is necessary. Principle 4 stipulates that a launching

Sate has to ensure that a thorough and comprehensive safety assessment is

conducted. The results of this assessment shall be made publicly available prior

to each launch. Furthermore, the Principles contain provisions as to the notifi-

cation in case of re-entry of satellites with nuclear power sources on board,

Principle 5. Principle 9 concretises Article VII of the Outer Space Treaty and

the Liability Convention: it affirms that international liability fully applies to cases

where a space object carries a nuclear power source and provides that the

compensation to be paid shall be determined in accordance with international

law and the principles of justice and equity, in order to provide reparation in respect
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of damages to restore the person, natural or juridical, State or international

organization on whose behalf a claim is presented to the condition which would

have existed if the damage had not occurred. Compensation includes reimburse-

ment of the duly substantiated expenses for search, recovery and clean-up

operations. The Principles Relevant to the Use of Nuclear Power Sources in

Outer Space are currently under review. The Scientific and Technical Subcom-

mittee of the UN Committee on the Peaceful Uses of Outer Space is working on

the development of goals and recommendations for the safety of NPS applications

in outer space. Focused studies and a partnership with the International Atomic

Energy Agency are intended to allow the examination of a range of issues with a

view to recommending a procedure for establishing technical safety standards.

5.5.6. International cooperation

Article I, 1 of the Outer Space Treaty, declares the exploration and use of outer

space to be the �province of all mankind� that shall be carried out for the benefit and
in the interest of all countries. This formulation has been seen as inducing a change

in the orientation of public international law from a law of mere co-existence to a

law aiming at cooperation. It strikes a note of solidarity, which embraces a

prohibition of monopolisation of products resulting from space activities for

national purposes; the striving for the establishment of equal possibilities to use

outer space, and the postulate to implement space activities by means of co-

operation wherever possible.224 We also need to mention the Declaration on

International Cooperation in the Exploration and Use of Outer Space for the Benefit

and in the Interest of All States, taking into Particular Account the Needs of Developing

Countries,225 which underlines in its second operational paragraph the freedom of

States to cooperate and to determine all aspects of such cooperation as well as the

requirement to organise cooperation in an equitable manner and emphasises in its

third operational paragraph that international cooperation shall take place on a

basis that is acceptable for all Parties concerned.

Due to the enormous ambitions connected with space exploration initiatives,

international cooperation is a key issue in their implementation. Therefore, 14

space agencies have jointly developed The Global Exploration Strategy: The

Framework for Coordination226 as a vision for globally coordinated space explo-

ration. It elaborates an action plan to share the strategies and efforts of individual

nations so that all can achieve their exploration goals more effectively and safely.

The strategy allows for optional participation based on the level of interest at each

agency. It introduces an international coordinationmechanism as a voluntary non-

binding forum through which agreement can be reached on interoperability
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standards for practical features such as communications, control, life support and

docking systems. It aims at developing mechanisms for provision of payload

opportunities and at providing a forum to discuss issues such as technology transfer

and property rights.

A last point that needs to be mentioned is the status of astronauts as envoys of

mankind. According to Article V of the Outer Space Treaty, States Parties to the

Treaty shall regard astronauts as envoys of mankind in outer space and shall render

to them all possible assistance in the event of accident, distress, or emergency

landing. In carrying on activities in outer space and on celestial bodies, the

astronauts of one State Party shall render all possible assistance to the astronauts

of other States Parties. States Parties to the Treaty shall immediately inform the

other States Parties to theTreaty or the Secretary-General of theUnitedNations of

Fig. 7.An artist concept of robotic activities at a manned lunar station based on technologies to be developed
under ESA�s Aurora space exploration programme (source: � ESA-Medialab).
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any phenomena they discover, which could constitute a danger to the life or health

of astronauts. These principles have been further elaborated in the Agreement on

the Rescue of Astronauts, the Return of Astronauts and the Return of Objects

Launched into Outer Space. The so-called 1968 Rescue Agreement develops and

gives further concrete expressions to these duties. Article 10 of the Moon

Agreement goes still another step further in proclaiming that: “States Parties shall

adopt all practicable measures to safeguard the life and health of persons on the

Moon” and thereby extends the treatment owed to astronauts to any person on the

Moon. Furthermore, States Parties shall offer shelter in their stations to persons in

distress. All these regulations are founded upon a commitment to international

cooperation in the peaceful exploration and use of outer space, and upon recogni-

tion of the need for international cooperation in responding to accidents, emer-

gencies or other forms of distress. They elaborate on a humanitarian notion.

5.5.7. Some trends in the evolution of the law

A number of hypotheses can be deduced from this tableau of norms and rules,

binding and not-so-binding. We have distinguished three phases in traditional

space law-making in the United Nations setting:227 The first phase saw the

successful elaboration of the fundamental international space law conventions.

Work at the UN was driven at the time by the space race, that is, by national

interests concerning power maximisation and survival. Binding commitments were

taken, even though the language of the Treaties remains deliberately vague. The

second phase of space law-making was marked by the adoption of special legal

regimes in form of UN General Assembly Resolutions, as the ones on Direct

Broadcasting, or the Remote Sensing Principles. Now, we have entered into a third

phase that – due to a growing number and diversity of space-faring nations and

entities – stumbles into a new flexibility. Since the international community as such

has not yet succeeded in developing legal instruments containing binding commit-

ments, the scientific community is introducing its own “rules of the road”, as for

example the COSPAR Planetary Protection Principles. Developed in the consen-

sual culture of the scientific community, where international cooperation is consid-

ered natural and welcome, these “Rules of the Road” leave aside the politicians�
national prestige considerations.The law concerning space exploration,228 and space

activities in general, is therefore characterized by a combination of–on the onehand,

binding – Treaties and Agreements with deliberately imprecise language, and, on

the other hand, detailed and very specific non-binding standards and guidelines.

This legal status quo reflects a compromise between opposite and conflicting

positions. The rules and regulations from the early age of space law-making
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attempt to strike a balance between the general freedom to explore and use outer

space by the current space powers, and, the wish to guarantee those same freedoms

to States not yet capable of exercising these legal freedoms as well as to ensure the

benefits of such activities to future generations. Consideration is also given to the

protection of the extraterrestrial and terrestrial environment, while putting a

special emphasis on the scientific concerns. This balance is fragile because most of

the rules establishing the legal framework are considered non-committing soft-law

instruments. The possibilities for international control are limited. The scientific

community gives an important impulse for the development and operation of space

exploration programmes and also plays a central role in developing the new “rules

of the road”, because even though the willingness of States to commit themselves

internationally seems to be decreasing, we are witnessing a tendency of States to

voluntarily accept non-binding international standards and guidelines as a basis for

their own national or internal policy and legislation. The respective ESA and

NASAPlanetary Protection Policies229 based on the COSPARmodel are cited as

examples.

In sum, the evolution of the law governing space exploration towards an

increased influence by the scientific community reflects also the shift of political

motivations for these space exploration initiatives from the early hard power

arguments to the quest for scientific knowledge perceived as a cultural

imperative.230
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CHAPTER 6

THIRD ODYSSEY:
HUMANS MIGRATING THE EARTH:
HOW WILL IT AFFECT HUMAN

THOUGHT?





6.1 Summary
Jean-Claude Worms

Let us project ourselves into the future and suppose thatman has indeed developed

the means to really leave Earth. Not just leaving it to achieve some flea hops to the

Moon and come back. No, let us feature ourselves at a point in time when

permanent bases have been built and are being used on the Moon, perhaps on a

few nearby asteroids and even on Mars. These first bases should be peopled by

astronauts, scientists and engineers, medical doctors and psychologists, doing

science and technology work, maintenance chores, and essentially striving for

survival. For the sake of argument let us accept that, in the mind of some people,

itwill be time formore: driven by curiosity and in order to extend their opportunities,

humans may eventually search for settlements outside our planet. What is unimag-

inable today may become necessary in the future. Should technology enable

humankind to do it, we can contemplate human settlements on the Moon and

onMars, trying tomould these arid and desert worlds into liveable places. Families

will migrate off the Earth towards new homes; babies will be born, in space or on

another planet of our solar system.

Another reason can come to mind: there are reasonable persons, highly

respected scientists even, who truly believe that this might become a necessity:

in Stephen Hawking�s words (September 2007), “ . . . life on Earth is at the ever-

increasing risk of being wiped out by a disaster such as sudden global warming, nuclear

war, a genetically engineered virus or other dangers . . . I think the human race has no

future if it doesn�t go into space . . . I don�t think the human race will survive the next

1000 years unless we spread into space”.

So whatever the reasons, for better or for worse, humankind leaving the Earth

would truly mark the beginning of a new era. Furthermore, either through the

discovery of life elsewhere in the solar system (extinct or extant), or through the

reception of extraterrestrial radio signals, another new era will begin should

humans realize they are not alone in the universe. Such discovery may likely

cause the development of a new collective identity for humanity. What people

believe in, and how such beliefs are structured, has a strong binding force on

societies, on Earth and eventually beyond. Human belief systems, whether

religious or secular, change in the context of new living environments, and in

contact with other forms of life and societies. The humanities and the social

sciences will gain in importance to help humankind to adapt to these new

paradigms. Past encounters that took place onEarth show that human beings did
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eventually adapt to unforeseeable realities, althoughmost of the time at very great

costs.

It was thus the goal of this session to try and address a few of the issues that

humankind should confront if these new eras really come into focus. Three

speakers shared that challenging task.

Gerda Horneck first addressed the concept of habitability in the solar system by

defining the notion of habitable zone, i.e., where liquid water has been present over

extended periods.Mars lies just on the border of that zone, indicating thatMartian

habitability is highly controversial, especially since habitability conditions are very

much different for micro-organisms and for humans. Horneck assumes a wet past

for Mars, making it very similar to the early Earth from the standpoint of

habitability. The present surface and atmosphere of Mars are, however, extremely

hostile to life in general and certainly to human life. A putative Martian biosphere

is therefore either extinct, or retracted into rare oases. For future missions toMars,

major critical items will be radiation hazards during the trip and on the surface of

Mars, low atmospheric pressure, dust-related problems, effects of the lower

gravity, and isolation. To enable such missions a broad research portfolio must

therefore be implemented, as addressed in theHUMEX study roadmap. Horneck

concluded on the vital importance of implementing stringent planetary protection

guidelines, both to protect a putativeMartian biosphere (“planetary parks”), and to

protect Earth from possible backward contamination.

PaoloMusso then attempted to reflect on the potentially difficult confrontation

of earthly religions with evidence of intelligent alien life. The exercise was actually

limited to the catholic religionwhichwould certainlymake it necessary to extend in

the future this reflexion beyond thatmuch too restrictive border. P.Musso remains

at the level of currently acceptable physics: he postulates that contact with such a

civilization could only be achieved via electromagnetic waves, but apparently

basing more his argument on the pure logic of the 57-year-old “Fermi paradox”

revisited in 2002 (either there are no ETs, or interstellar travel is impossible), than

on physics itself. This assumption of course ensures that the “encounter”will occur

without trade, wars, and spread of disease commonly experienced in earthly

encounters between civilizations: no Indians or buffalos of outer space are thus

accounted for in this model. He then establishes a curious equivalence between

rationality on the one hand, and morality and metaphysics on the other hand, to

ascertain that ET, if it exists, is also a moral (or immoral) being and hence, is also

able to understand our religious values. An interesting aspect of this formal

reflexion is the author�s view that, despite an official “wait and see” attitude by their

church, many Christian people already believe in the existence of ETs so that their

faith would not be shattered by a confirmation thereof. Actually Musso�s
conclusion rings like what would then become an assumed zealous appeal to
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spread the gospel in the Galaxy: after all, Christ was born in a remote suburb of a

far-away city of the Eastern Roman Empire, just as Earth lies at the unfashionable

edge of our galaxy . . .

Finally Debbora Battaglia comes in at an unusual angle into the issue of “ET

diplomacy”, on the armature of which she builds an interesting “anthropological

model of visits”. Embracing a (hers) – space – ethnographer�s point of view, she
proceeds to analyze how actual life in space is influenced by our Earth-bound

imaginaries and political agenda, in part by looking inminute details at the diary of

Soviet cosmonaut Valentin Lebedev in which he described his life on board the

Soyuz 7 spacecraft. Battaglia follows Lebedev in his challenge to connect with

the “alien” environment he finds himself in during 211 days, and as a matter of

consequence for shaping an ethics of space diplomacy. From that analysis and that

of the U.S. myth of indomitability transposed to outer space she draws the

conclusion that ET diplomacy would favour an “alien-to-alien” type of exchange,

since both parties in such an exchange would demonstrate vulnerability vis-�a-vis

the other, thus changing their ways sufficiently as to become slightly alien

themselves.
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6.2 Mars as a place to live?
Past, present and future
Gerda Horneck

6.2.1. Introduction

When tackling the question of what defines a place to live, one normally

considers the chemical, physical or social conditions of an environmental

envelope that allows growth and propagation for a given organism or group

of organisms. While the environmental tolerances of microorganisms – the

only habitants on Earth for the first 2 billion years of the history of life – cover a

very wide range, the environmental border lines for humans are much narrower

order to make a planet habitable – at least for microbial-type of life – a

minimum of environmental requirements need to be considered; these are (i)

carbon-based chemistry, (ii) adequate energy sources, as well as (iii) water in

its liquid phase.
On the assumption that liquid water is essential for life, the common definition

of a “habitable planet” has been one that can sustain substantial liquid water on its

surface. Assuming a tolerable temperature range between about 0 and þ100�C
at the surface of a planet, our solar system provides a habitable zone in an orbit

between 0.7 and 2.0AU (Astronomical Unit). In amore conservative estimate, the

width of the habitable zone is restricted to the range of 0.95–1.37AU (Figure 2).

Venus, Earth and Mars are situated within this habitable zone or close by. With

a mean distance to the sun of 1.52AU, Mars is located at the outer border of the

habitable zone in our solar system.

Fig. 1. Physical and chemical environmental factors that define “a place to live” for humans or

microorganisms (modified from231) 1Environmental conditions for humans without any technical aids.
2Sub-lethal dose.
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With the exception of the Earth, Mars is by far the most intensively studied of

the planets of our solar system. In 1972, a spacecraft, Mariner 9, passed over the

younger parts of Mars for the first time revealing a wide variety of geological

Fig. 3. Some environmental data of presentMars and present Earth (source: Horneck, Gerda. TheMicrobial

World and the Case for Mars, Planet. Space Sci. 48 (2000): 1053–1063).

Fig. 2. “Habitable zone as a function of the distance from the star and itsmass” (source: Franck, Siegfried, and
5 co-authors. Habitable Zones in Extrasolar Planetary Systems. in: Astrobiology, the Quest for the Conditions

of Life. Gerda Horneck, and Christa Baumstark-Khan, eds. Berlin Heidelberg New York: Springer, 2002.

pp. 47–56).
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processes, indicated by volcanoes, canyons, and channels that resemble dry river

beds. These extensive fluvial features, whichwere confirmed during several follow-

on missions to Mars, were difficult to reconcile with any origin other than liquid

water. They attest to a stable flow of water on Mars at some time in the past, and

sporadically even inmore recent times. In addition,Mars shows several similarities

with the Earth: it has a similar diurnal rhythm and four seasons that alternate on

both hemispheres (Figure 3). Hence, Mars is considered the key target for the

search of life beyond the Earth.

6.2.2. Past Mars

There is geological and mineralogical evidence of the presence of liquid water on

early Mars, during the first few 100million years. With the Mars Exploration

Rover (MER) mission of NASA, the story of water on the red planet has been

further unravelled.At the landing site of the roverOpportunity, distinct layering in

some rocks showed that water once flowed there on the surface of Mars, leaving

ripple-like curves in the outcrop rocks. Bead-like objects, the so-called

“blueberries”, turned out to be rich in hematite, a mineral that requires water to

form. The detection of sodium chloride which only forms when water has been

present is another indication of liquid surface water in the past of Mars.232 More

insight into the history of water on Mars has been obtained from measurements

with the OMEGA (Observatoire pour la Mineralogie, l�Eau, les Glaces et

l�Activit�e) instrument of the Mars Express mission of ESA.233 The global

mineralogical data further support the supposition of an aqueous environment

on early Mars, i.e., during the Noachian period (up to 3.5 billion years ago)

indicated by the formation of clay minerals. This period, probably alkaline, was

followed by a more acidic one in the Hesperian period (up to 1.8 Ga ago), as

indicated by themassive occurrence of hydrated sulphateminerals. These conditions

were driven by extensive outgassing of volatiles coupled with a rapid drop in

atmospheric pressure. Liquid water was probably still present during transient and

local events, such as volcanic activity, impact release, or the melting of ice deposits.

Therefore, by analogy to the early Archean biosphere on Earth, where fossil

microorganisms as old as 3.5 billion years have been detected, an early Martian

biosphere could be postulated with habitats andmicroenvironments similar to those

on the early Earth. However, in contrast to the Earth,Mars became gradually more

and more dry and cold, thereby loosing the capability of sustaining conditions

clement for life. Tackling questions whether Martian life ever arose on the planet

and, if so, whether it still might exist in some protected niches plays a central role

in the scientific exploration of Mars.
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6.2.3. Present Mars

During the last Amazonian period (up to present) Mars has been cold and dry, as

also indicated by the presence of anhydrous ferric oxides233. From the global

neutronmapping of theMarsOdysseymission, the present distribution ofwater in

the shallow subsurface was divided in four types of regions: (i) regions with dry soil

with a water content of about 2 wt.%; (ii) northern permafrost regions with a high

content of water ice (up to 53wt.% of water); (iii) southern permafrost regions with

high content of water ice (>60wt.% of water) covered by a dry layer of regolith; and

(iv) regions with water-rich soil at moderate latitudes (about 10wt.% of water)

covered by a dry layer of soil. These water-rich regions are well separated from the

Martian atmosphere by a rather thick layer of desiccated regolith. Therefore, it was

supposed that they were formed a long time ago when the climate allowed liquid

water on the surface.234

More information has been provided by the on-board measurements of the

spacecraft Mars Express and Mars Reconnaissance Orbiter, currently orbiting

Mars. Prominent results of the current Mars Express mission are the detection of

deep underground water-ice at the South Pole by the Mars Advanced Radar for

Subsurface and Ionospheric Sounding (MARSIS) instrument estimating a total

volume of 1.6�106 km³ of water, which is equivalent to a present global water layer

of about 11m,235 the discovery of large-scale explosive volcanism on recent Mars

(about 350Ma ago),236 indications of relatively young volcanic activities in the

north polar ice regions,237 and the global distribution of anhydrous and hydrated

minerals.

However, compared to the conditions on present Earth, the surface of Mars is

extremely hostile to life as we know it (Figure 3). This is mainly due to the high

influx of cosmic radiation, the wide spectral range of solar UV radiation including

UV-C, the low pressure and the low temperatures and their large diurnal

fluctuations. On Mars, CO2 is the major absorber of the short wavelength UV

radiation. As a consequence, UV radiation at wavelengths >200 nm reaches the

surface ofMars.Hence, although the solar constant forMars is only 43%of that for

Earth, the fraction of biologically effective UV radiation reaching the surface of

Mars is by far greater than that reaching the surface of the present Earth. The

second feature one should note is the attenuation of solar radiation by dust particles

occasionally dispersed in the atmosphere.

Therefore, if life once started on Mars, the gradual decreasing pressure and

temperature as well as the intense solar UV radiation might have forced the

emerging biota to retreat to some protective oases, where it might persist even

today. Potential oases, to which putative life on Mars might have withdrawn are

inferred from terrestrial analogues, such as deep subsurface rocks inhabited by
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cryptoendolithic microbial communities, the polar ice caps and permafrost

regions, submarine or sub-ice hydrothermal vents or other hydrothermal areas

in connection with volcanic activities, or endoevaporites, i.e., microbial commu-

nities that live in salt crystals, e.g., halite or gypsum.238

The exploration program of the European Space Agency (ESA) foresees as the

next step the ExoMars mission that uses a rover with high autonomy, equipped

with the analytical capacity to select suitable drilling site or exposed vertical

stratigraphy to find signs of extinct or extant life.239 To do this requires the

development of an efficient drilling system and the use of the corresponding

sample analysis suite in the underground exploration of selected sites. In addition,

the habitability of these regions will be explored by in situ measurements of the

climate, radiation environment and surface and subsurface chemistry in dry and

wet state. It is important to understand the mechanisms of the strong oxidative

processes present on the surface of Mars which have been investigated by the

Viking experiments.240

In the endeavour to search for signatures of life on Mars, it is assumed that

several robotic missions will have to precede any human landing onMars, which is

currently planned sometime after 2030. Finally human and robotic missions

should be complementary and so that astrobiology could then immensely benefit

from human presence on Mars.

Human exploratory missions to the Moon or Mars are part of the future

planning of ESA and NASA and are widely considered the next logical step of

peaceful cooperation in space on a global scale. Besides the human desire to

extend the window of habitability, human exploratory missions are driven by

several aspects of science, technology, culture and economy.The continued study

of the evolution of Mars may even contribute to the understanding of the

evolution of the whole solar system. Human spaceflight may be important in

this research context, since a number of items have been identified where the

action of astronauts in situ could be beneficial to reach the scientific goals, such

as site identification by local analysis, sample acquisition at these sites, sampling

and – if a laboratory is available on Mars – supervision of sample analysis, etc.

Meeting the scientific objectives of a Mars mission will require autonomous and

smart tools such as intelligent sample selection and collection systems on a very

high level of automation and robotics. As soon as human travellers are involved,

the need for integrated advanced sensing systems will become obvious such as for

bio-diagnostics, medical treatment, and environmental monitoring and control.

Furthermore, the development and test of technologies for in situ resource

utilization (for producing propellant from atmospheric CO2 or from water ice,

but also for life support purposes) may turn out to be a powerful technology

stimulus.
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Human exploratorymissions to theMoon and toMars also have the potential of

promoting peaceful cooperation on a global scale. The International Space Station

(ISS) is the first example of an international cooperative venture for the joint

development, operation, and utilization of a permanent space habitat in low Earth

orbit (LEO), involving nearly all space-faring nations. Hence, with the ISS, a new

era of peaceful international cooperation in space has started. Major potential

partners are the U.S., Russia, Japan, Europe and Canada, with the U.S. taking the

leading role. China has just recently joined the nations involved in human

spaceflight. Lessons learned from this experience gained with ISS may help all

nations to become engaged in large future international space projects, creating

harmony through common scientific endeavour.

Such long-duration missions beyond LEOwill add a new dimension to human

space flight, concerning the distance of travel, the radiation environment, the

gravity levels, the duration of the mission, and the level of confinement and

isolation the crew will be exposed to. This will raise the significance of several

health issues. The areas involved include as follows: (i) radiation risks, especially

from solar particle events, (ii) very long 0-gravity levels during interplanetary

transfers, followed by very high gravity levels atMars arrival (up to 6 g during aero-

capture and landing) with severe consequences on the human body, (iii) almost no

Fig. 4. Roadmap in human health issues for ESA�s exploration programme (source: Horneck, Gerda, and 15

co-authors. HUMEX, a Study on the Survivability and Adaptation of Humans to Long-Duration

Exploratory Missions, ESA SP 1264, Noordwijk: ESA-ESTEC, 2003).
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mission abort or fast return capability, (iv) psychological issues which pertain to

crew size, composition and corresponding education.241 Substantial research and

development activities are required in order to provide the basic information for

appropriate integrated risk management, including efficient countermeasures and

tailored advanced life support systems, as outlined in a roadmap for future

European activities in life sciences in preparation of human exploratory missions

(Figure 4), recommended in the HUMEX study of ESA.242

Furthermore, the import of internal and external microorganisms inevitably

accompanying any human mission to Mars, or brought purposely to Mars as part

of a bio-regenerative life support system needs careful consideration with regard to

planetary protection issues.243

6.2.4. Future Mars

Wherever and whenever life has established itself, it has shown a natural instinct to

expand ultimately the area from which its resources are drawn. The driving forces

for migration to new settlements can be endogenous (e.g., hormones) or exoge-

nous (e.g., deprivation of food or space, overcrowding by other species, unfavour-

able environmental conditions, light stimulus). Migration has certainly played a

role in the evolution of our biosphere.

If migration is an intrinsic attribute of life, then it may inspire humankind to

reach past the boundaries of the Earth in pursuit of the Moon, of Mars, and

beyond. Natural catastrophes or anthropogenic global change might even force

people to leave their home grounds and to invade remote, perhaps even extrater-

restrial domains. Curiosity and the spirit of research as well as the urge to explore

the unknown will be powerful drivers of human space exploration.

However, the human settlement ofMars may also threaten to have a significant

environmental impact on the integrity of the planet. To safeguard sites of natural

beauty, but also scientifically important sites, a planetary park system has been

proposed to be establishedwell ahead of any long-term exploration, exploitation or

settlement of Mars.244
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6.3 Philosophical and religious implications
of extraterrestrial intelligent life
Paolo Musso

If any evidence of extraterrestrial intelligent life were ever to be discovered, what

would the likely reactions of our society be, and how should we manage such a

discovery? The answer depends largely on the following question: What are the

implications of such a discovery for our religious beliefs? This issue is the core

subject of this chapter. Two basic assumptions are made: (1) There will not be

direct contact with extra-terrestrials (ETs) or with intelligent probes, only indirect

contact via electromagnetic waves, as in the “classic” SETI scenario.245 (2) The

contact will take place in the “near” future (i.e., in a few decades), which very likely

means within a range of some hundreds of light years, due to the limits of our

present technology.

6.3.1. The big issue

The first and foremost question is: Are we alone? Of course, if contact were

actually achieved, the answer to that question would be: No! This is obvious,

but has a not-so-obvious implication. In fact, it would mean that not only

we are not alone, but also intelligent life is very common in the universe. In

fact, under the assumptions stated above, the contact would be achieved in any

case “in our cosmic backyard”. Now, the probability of two highly improbable

independent events occurring within such a small space is practically zero.

Thus, if two intelligent civilizations were to actually exist so close to each

other, then they would be (very likely) highly probable events. This fact has

deep implications for many important issues: philosophical and religious,

which are strictly related to each other. Furthermore, since there is no reason

why the first civilization we will eventually meet should have something

special,246 it is very likely (though not absolutely sure) that it will be typical.

So, this will allow us to believe that at least the most general statements we

make about such a civilization have good chances of holding universally, also

with respect to all other possible civilizations, including the ones we will never

be able to contact.
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6.3.2. Philosophical issues

The contact with another civilization would have implications with respect to

many classical philosophical problems. Here are some of the most important ones:

6.3.2.1. Chance vs. necessity

Learning that intelligent life is common in the universe would not solve, of itself,

the eternal debate about the role of chance and necessity in evolution. However, it

would imply that at least its outcome (i.e., life and intelligence) should not be

considered casual any longer. This would mean that either evolution is based on

some (still unknown) deterministic mechanisms or there are some deterministic

constraints forcing the random processes to follow a limited set of paths.

6.3.2.2. Are science and reason universal?

This point has been often doubted by contemporary epistemology, which is almost

completely relativistic, and this attitude also has supporters within the SETI

community. However, SETI is a very difficult task even assuming that ETs�
technology is identical to ours. If their technology were to be completely or even

partially different, contact would never be achieved. Thus, if contact were

achieved, it would mean that their technology is actually identical, or at least

very similar.247 But this is possible if – and only if – science is universal, that is, if –

and only if – science is actually the discovery of the objective laws of nature, and

not a mere byproduct of societal dynamics, as the relativists claim. However, this

would be possible if – and only if – reason is universal, too. That is, if – and only if –

reason is a capability to know and understand reality in itself, and not if reason is a

mere by-product of neuronal dynamics (and thus fully dependent on a particular

evolutionary path).

6.3.2.3. The mind–body problem

There are many different theories about the mind–body problem (materialism,

idealism, Cartesian dualism, Aristotelian hylemorphism, functionalism, and so on).

But which one is the correct one? Of course, a full answer could never come from

science alone, due to the nature of the question itself. Nonetheless, new interesting

insights might come with the answer to the question whether intelligence is

necessarily related to: (1) carbon chemistry; (2) DNA; (3) a humanoid shape.
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6.3.2.4. What values would ETs have?

Of course, ETs may have ethical and religious values very different from ours.

However, it is very unlikely that we would not even be able to understand each

other. Indeed, to be intelligent beings means also to be moral beings, since it

implies by definition: (1) to be able to imagine different possible futures; (2) to be

able to choose among them rationally. Now, this is all we need to be moral beings,

too. Indeed, a moral choice is nothing but a rational choice with consequences for

the others. Thus, intelligent beings are also unavoidablymoral (or immoral) beings

(immorality being amoral category). In philosophical terms,morality is a structure

(i.e., a constitutive dimension) of reason.

That is not all. ETs should be able to understand our religious ideas, too. ETs

may have revealed or traditional religions or not, indeed, but surely they must have

developed at least metaphysics. Metaphysics (i.e., the rational discussion about

God) is essentially based on: (1) the problem of the First Cause of theworld; (2) the

problem of the ultimate foundation of ethics. Thus, beings who are both scientific

and moral (as ETs would be) cannot avoid having answered in some way the two

problems stated above, even if their answer were a negative solution, or even to

declare the whole matter meaningless. Also these anti-metaphysical positions are,

in fact, metaphysical of themselves, since (as Aristotle already noticed) the

philosophical category to which a proposition belongs depends on what type of

questions it wants to answer. Thus, scientific and moral beings (as ETs) are also

unavoidably metaphysical beings. In other words, metaphysics is a structure (i.e., a

constitutive dimension) of reason (which theologians also called “religious sense”,

to distinguish it from the particular metaphysical and/or from the particular

religious ideas generated basing on it).

Now a problem arises. If, indeed, we will be able to understand ET�s values,
what should our position be? A very common mistake must be avoided in this

context.Many believe that, since ETs are likely to bemuchmore advanced than us

from a scientific point of view,248 their moral and religious beliefs would also be

more advanced, so that it would be obvious that we should adopt themwithout any

discussion. But to be more advanced does not necessarily imply to be more moral.

Any modern dictatorship (such as Nazi Germany, the Soviet Union, Chinese

communism, and so on) is much more advanced than any ancient society, but

surelymuch less moral than most of them. The standard objection is that this may

be true for the short term, but, over the long term, scientific advancement surely

needs a certain degree of spontaneous cooperation. This is very likely to be true, but

cooperation can also arise for non-ethical reasons (for example, intelligent, well-

planned egoism or fear of a global catastrophe or self-destruction). Such a

development could produce very efficient, but not necessarily very moral systems.
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Furthermore, despite a very widespread opinion, to be more advanced does not

imply even to be more intelligent. First, there is no evidence that human beings

living onEarth at present aremore intelligent than our pre-scientific ancestors, but

just the contrary.We know very well, in fact, that any child from a community still

living (froma technological point of view) in theNeolithic era (as – say –Australian

orAmazon aboriginals), would have the same chances as any other child to become

a good scientist if attending a modern school. Furthermore, from an evolutionistic

point of view, it would simply be nonsense to believe that our intelligence would

have been able to increase significantly not just fromGalileo�s times, but even from

the Neolithic era. In other words, our entire scientific and technological progress

has happened without implying any change in our intelligence. Cultural evolution

indeed, does not work in the same way as the biological one, since it is essentially a

matter of accumulation, that concerns society as a whole, and not individuals: “We

are dwarfs on the shoulders of giants,” and for this reasonwe can see farther, but our

sight is not better than that of our carriers.249

Thus, ET�s moral and metaphysical beliefs, as well as their traditional or

revealed religions (if any), should be examined very carefully (provided that we are

able to solve the linguistic problem and communicate this type of concepts, of

course), but should not be considered a priori “better” than ours. On the contrary,

they should be discussed rationally, just as it happens (or should happen) on Earth

every day with ours. Furthermore, we should feel free to tell them our beliefs, too,

without any “inferiority complex”. ETswould be our partners in a dialogue, not our

teachers!

6.3.3. Religious issues

In this part, I will only discuss the problems related to our Western religious

tradition, i.e., Christian religion. There are three good reasons for this approach.

(1) It would not be correct to speak in name of other people. (2)At present, SETI is

only being done in someWestern countries. (3) Christianity is usually considered

the most anthropocentric religion and, as such, the one most likely to have prob-

lems, should ETs be detected.250

6.3.3.1. Christo-centric, not anthropocentric

The first point to be clarified in this context is the myth that Christian religion

would be anthropocentric. This is based mainly on the (supposed) merger of

Christian theology and geocentric Aristotelian philosophy based on the Ptolemaic
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system as regards its astronomic claims. Not only is today�s situation rather

different, but even Middle Age geo-centrism was not anthropocentric. Even in

Aristotelian philosophy, the centrality of Earth was only geographical, not moral

or metaphysical. On the contrary, the sub-lunar world was considered the realm of

imperfection. This aspect was further accentuated in the Middle Age by the

Christian doctrine of original sin. In fact, from this perspective, things were not

very different from what they are today. The truth is that Christian religion is

Christo-centric, not anthropocentric. What makes Earth a special place is the

Redemption made by Jesus Christ. Now, even though Christ was a man, He was

also God. This makes the situation very different from simple anthropocentrism,

since it has also a cosmic meaning, although it is indubitable that humankind has a

special (but not necessarily unique) role in the Christian view.

6.3.3.2. The plurality of worlds

Another commonplace to be ruled out is that the idea of a plurality of worlds has

been condemned as heretical by the Catholic Church. This is completely false,

even in the case of Giordano Bruno, who was condemned for other heretical

theories, but not for this one. His theory of a plurality of inhabited worlds was

suspected to be heretical, was discussed in depth during the trial, but finally was not

condemned. There is full consensus in recent historiography in this matter.251

Furthermore, we should not forget that Bruno did not properly speak of a plurality

of worlds, but of an infinity, which is quite different, and likely to give raise to a

number of paradoxical consequences, not only from aChristian point of view. This

is not meant to justify the fact that he was burnt, of course, but only to put the

question in the right context. On the contrary, in 1277 (that is three centuries

before Bruno�s trial) Stephan Tempier, then Archbishop of Paris, condemned as

heretical the opposite proposition maintained by Averroist philosophers, i.e.,

“That the First Cause cannot create a plurality of worlds” (“Quod Prima Causa

non posset plura munda facere”), since it denied God�s omnipotence.

6.3.3.3. ET�s existence

Nevertheless, what about the positive existence of extraterrestrials, i.e., the

possibility that God has actually created them? Until today, there has been no

systematic theological discussion, and, in particular, no official statement made by

theCatholic Church about this subject.However, three Popes have expressed their

opinions, briefly and informally, about it, one against (Zachary I), and two in favor

(Pius XII, John XXIII). Most theologians (both Catholic and Protestant) who
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have discussed this topic are in favor of ET�s existence, but we must be aware that

they are very few. At present, the most common position within the Christian

community is to wait and see.

6.3.3.4. How dramatic?

At this point, wewould like to try to imagine some possible consequences that are

likely in the case of a contact with an extraterrestrial civilization. First of all, under

our assumption that only an indirect contact via electromagnetic waves will be

achieved, no dramatic change (panic, revolutions, loss of authority, and so on)

should be expected, at least over the short period, despite the fact that cata-

strophic predictions have been made very often. But why? Without a direct

contact, ETs cannot be seen as a threat to us from thematerial point of view. The

same applies from the spiritual perspective, because the existence of ETs has turned

out to be, of itself, fully compatible withChristian faith, while their religious views, if

disturbing, could be questioned or simply ignored, and also with good reason, as

stated above. Furthermore, as a matter of fact, many people, including many

Christians, already believe in ETs� existence without any problem. Thus, the most

likely hypothesis is that, apart from an initial period of general excitation, our daily

life on Earth would go on in more or less the same way.

A more difficult issue from a Christian point of view would be to establish the

right place of ETs in the history of salvation (and thus our correct relationships

with them), due toChrist�s unique role. This would seem to imply that ETs should

also have the possibility of a direct contact with believers in Christ, or, at least, of

receiving the Gospel. In this sense, it is interesting to notice that the impossibility

of wide communication with ETs, a factor that is usually considered to make the

contact less dramatic, might be more dramatic from a Christian point of view.

Without a convincing solution to this question, problems might arise for Chris-

tianity, but only over the long run. First, the impossibility of dialogue should be

proven – and this is very likely to take centuries, if not millennia, unless contact

happens within the range of few light years, which is highly improbable. Second,

people usually want to know about their own salvation and that of their relatives

and friends, but nothingmore.Onemay blame such an attitude as selfish and petty

(although Christ did not tell us to love humankind, but one�s neighbour – that is
much more difficult), however the matter stands thus. Therefore, it is very unlikely

thatmany people could ever worry aboutETs� salvation and the complex theological

issues related to it. If – and only if – the attempt to solve this problem were to lead

Christian theology to dramatic self-contradictions, with consequences also on the

principles guiding our life, then a progressive process of loss of credibilitymight start,
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which, after many decades or even centuries, could be destructive for Christianity.

But, once again, this is not very likely. Some solutions have already been proposed.

For example, theremay be a plurality of Incarnations (one for each civilization). It is

even possible that ETs do not need any salvation, because are not affected by the

original sin. But also a more “conservative” solution is possible.

6.3.3.5. “The Kingdom is like a seed . . . ”

After all, Jesus was not born in the capital of the Roman Empire, but in one of its

most neglected and disparaged places (even by the Hebrews themselves: “Could

anything good ever come from Bethlehem?”). This fact would imply a sort of

harmony, first of all aesthetical, in discovering that He was also born in one of the

most neglected and disparaged places (even by Terrestrials themselves . . . ) of the

Galactic Club. And, as scientists know very well, aesthetical harmony is always a

powerful sign that we are on the right track. In more theological terms, according

to the Christian view God�s “method” seems to be to choose a small group of

people, working like a “seed”. Even though the seed must develop and grow

throughout history, the fully developed “tree”will never be visible in this world, but

only in the other, at the end of time.As amatter of fact, evenmost of the intelligent

beings that have lived on Earth have never heard of Christ. Nonetheless, He also

died for each of them. So, the same might apply to ETs, meaning that neither a

direct contact nor communication of the Gospel would be necessary.

6.3.4. How should we manage such a discovery?

In summary, ETs are expected to firstly have a more advanced science, but one

that is not substantially different from ours; secondly, to have possibly different

moral and religious values, but to be able to understand ours and discuss it

rationally; thirdly, to be challenging but acceptable for Christian religion; and

fourthly, not to endanger our present social system. On this basis, we will try to

outline some recommendations on how to manage the discovery of an extrater-

restrial signal.252

6.3.4.1. Transparent communication

Since it cannot pose a danger to us, the discovery of an extraterrestrial message as

well as its content should be communicated to the public without any delay and in a

fully transparent way.
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6.3.4.2. Avoiding religious conflicts

As contact with ETs should not cause true religious conflicts, it would be

important to avoid creating false ones. Here are some suggestions:

(1) We should avoid defining in advance the “meaning” of the contact and its

implications for humankind in any official document or communication,

recognizing that there is a wide range of different possibilities and, above all,

that the realmeaning of the contact, both for humankind and for any particular

culture, will be decided, ultimately, by each human being living on Earth at

that time and later.

(2) We should avoid the “common values” trap, accepting and respecting all

existing cultural differences, recognizing that whatever divides us may be not

less important than what unites us. I agree with the common view that “Earth

should speakwith one voice,” but if – and only if – this voice ismore similar to a

polyphonic chorus than to a “solo”.

(3) We should think about a suitable reply in advance, taking in consideration not

only scientific communication, but also the cultural aspects, which is a much

more difficult task. In fact, a common reply may well be the only way to avoid

an uncontrolled, wild proliferation of private replies: indeed, finding a signal

by searching the sky at random is very difficult, but sending a signal to a precise

target is very easy. With the exception of some international workshops

promoted by the SETI Institute starting in 2001, nothing has been or is being

done about the latter issue. My own personal proposal253 is to construct the

message according to a “federal” style. The first part should be a joint

undertaking and contain the “dictionary” (i.e., the definition of the meaning

of the symbols used in the message), some general information about us and

our planet from a scientific point of view, and an introduction written on

behalf of humankind describing our common values. The second part should

be written – using the same code as the first one – by the delegates of the main

terrestrial cultural traditions, both religious and non-religious, each one pres-

enting their own beliefs.

6.3.5. Appendix: Managing ET�s technology

The only possible threat in the detection of an extraterrestrial message would be if

it were to contain a detailed description of alien technology. This does not seem

very likely to happen, but, if it does, serious troubles might arise, since the massive

introduction of an alien technology could be very destabilizing for our society.
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In principle, such a decision should not be taken by governments and scientists

alone, but also by the common people. However, this might be very hard to put into

practice. If we were to receive only a self-proclaiming message (as, e.g., a radio-

carrier) or a low-information one, it would be conceivable (even though not so easy)

to organize a worldwide democratic consultation after an in-depth debate. In the

case of a positive outcome,we could askETs to share their knowledgewith us. In the

opposite case, we could ask themnot to do so and to refrain from considering further

messages asking the opposite. But what if a wide exposition of alien technologywere

already encoded in the earliest message? Should we stop the decoding process until

the terrestrial population has decided? Then, in the case of a negative result, should

we simply destroy this part of themessage? If so, how couldwe ever be sure that it has

actually be done, and that nobody has kept a secret copy to gain an incommensurable

advantage over all the other people in the future? How could we ever be sure that we

are not losing information essential to decoding the rest of the message? The

scenariomight even be evenworse. For example, themessage could be very powerful

and transmitted continuously, again and again,many times over, so that anyonewith

an antenna, even a very small one, would be able to receive it. In this case, of course,

we would forgo the problem of making any decision at all.

However, things might also be better. Indeed, despite the almost universally

widespread opinion, the fact that ETswould almost definitely bemuch older than us

does not imply that they would be much more advanced. On the contrary, the

opposite is much more likely. In fact, this equivalence is based on the assumption

that technological progress is an endless process. Nonetheless, without substantial

advancements in science we can only improve the existing techniques until the full

exploitation of their possibilities, as established by the laws of nature which they are

based on. Thus, endless technological progress implies endless scientific progress.

Yet, no phenomenon in nature can grow indefinitely. On the contrary, phenomena

usually follow a logistic curve, showing initial quasi-exponential growth followed by

progressive deceleration until a state of saturation is reached. More specifically, the

ultimate aimof science is to discover the fundamental laws of nature.Now, if science

cannot succeed in this, then it will have to stop somewhere before reaching its goal.

But if it can succeed, then it will discover all the laws and then it will have to stop.

Thus, in any case science (and therefore technology, too) has to stop, soon or later.

Now, the decision of whether or not to ask ETs to share their knowledge with

us will depend on: (a) the gap in scientific progress between ETs and us; (b) the

distance between ETs and us. Indeed, should a (expressed in years) be smaller or

equal than2b (expressed in light years), their replywould reachus onlywhen itwould

have become useless, since, by then, we should have already reached the same degree

of advancement. Now, whereas b is very easy to measure when we detect ETs�
message, a is very difficult. However, when considering the progress humankind
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has achieved in the last four centuries, it seems rather strange that grasping the most

fundamental laws of nature will take another 1 billion years. A statistical analysis of

the main discoveries and inventions that I made 5 years ago254 shows a couple of

classical bell-shaped patterns following roughly the same trend, where the curve

of technology is delayed by about 25 years. This is a rather remarkable value because

it corresponds to about one generation, that is, exactly the time one may reasonably

expect to beneeded to “translate” scientific discoveries into technological gears.Even

though the inception of sciencewas four centuries ago,most of the progress achieved

to date started only two centuries ago. Moreover, if I am right, progress already

entered its descendent phase some decades ago. Therefore, scientific progress on

Earth may substantially stop after no more than two or three centuries, and

technological progress just a little later. Therefore, even a civilization 1 billion

years older than us should not be more than two or three centuries more advanced

than us. Although further studies are needed, at this stage I feel confident enough to

conclude that we are virtually certain that we will never have to face any dramatic

choice, since the minimal distance of the Earth from the nearest civilization (if any)

is very likely greater than 100 light years, so that 2b� 200 years � a.

245 SETI is the acronym for Search forExtra-Terrestrial Intelligence. In favor of this scenario there are not

only technological reasons, but also the so-called “Fermi Paradox”, which postulates that, if interstellar

travels are possible and ETs exist, they should already be here. Musso, Paolo. What the Fermi Paradox

Tells us about the Dangers of Active SETI. 2006. (Talk given at the 57th International Astronautical

Congress (IAC), Valencia, 4–8 October 2006, presently available at www.filosofiadellascienza.it).
246 This is the so-called “Copernican Principle” (sometimes also named “Principle of Mediocrity”).
247 ET�s science might be, of course, less or (very likely) more advanced than ours, and in this sense

“different.” But only in this sense. It could not be different in the sense that ETs have a different

knowledge of the same objects.
248 Since our civilization was “born yesterday” on the cosmic scale. ETs might be much older than us,

indeed, even bymore than one billion years. Norris, Ray. “HowOld is ET?”When SETI Succeeds: The

Impact of High-InformationContact. Tough, Allen, ed.WashingtonDC: Foundation for the Future,

2000. pp. 103–105.
249Musso, Paolo. “How Advanced Is ET?” Life in the Universe: From the Miller Experiment to the
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6.4 ET culture
Debbora Battaglia

This chapter invites the reader to enter the outerspaces of extraterrestrial culture,

as a realm of social inquiry. Where this journey leads is perhaps unexpected,

especially for the discourse of aliens and Unidentified Flying Objects (UFOs). For

while wemight expect to engage fields of exotic Otherness – of technomarvels and

bizarre entities, epic enterprises, and terrors unrecognizable in their “structures of

feeling” – we find ourselves instead in the presence of an extraterrestrial uncannily

familiar and concrete: visible and heard in realms of mass media and popular

culture, and in the iconic signatures of new religious movements, on the one hand,

while making visible the limits of official culture authority structures – the limits of

“the powers that be” – on the other hand. From this perspective, Extra Terrestrial

(ET) culture does not allow us to avoid the question of what counts as knowledge

and truth and for whom, right here on Terra.

Especially in insecure times, alien knowledge communities have much to teach

us about ourselves, anthropologically speaking. Their voices in this volume raise

fundamental questions that include Who are we? Where did we come from? Are

we alone as a species?What do wemake of our human differences? In raising these

questions, we unsettle the boundaries of Us and Other, human and non-human

things and entities, in no uncertain terms.

6.4.1. The alien de-exoticized

Extraterrestrial practices are about possible world making. Accordingly, interdis-

ciplinary “galaxies of discourse” are not merely a luxury, but necessary to any new

vision of humans in outer space. The idea of the extraterrestrial quite naturally

articulates fields of social science, science and technology studies, linguistics,

popular and expressive culture, religion and spirituality, and social and intellectual

history. The net effect is to unsettle the boundaries of science, magic, and religion,

and to query common knowledge about sites of technological and human agency.

Accordingly, there is a creative happiness to the enterprise. In pragmatic terms, we

must make creative leaps of faith out of our disciplinary comfort zones, if we are to

realize our potential to connect with different entities in space. This kind of

abdicative reasoning, as the philosopher George Sanders Peirce referred to it, is

the very condition of hypothesis-making. In short, it is important to admit a
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de-exoticized alien into our realms of critical thinking, and too, into the light of

our most searching disciplinary questions.

As we come face-to-face with theET – effect and in particular, with the evidence

of how it performs a kind of magic upon everyday phenomena and draws people

together into new configurations of community within its aura, our boundaries of

self and society are productively unsettled. For the simple reason that the idea of

off-planet life forces us to take a reflexive, planetized view of the material

consequences of unequal relations of power, of our cultural imaginaries, our own

history, even what it means to see the world “from the native point of view” is

opened to interrogation. For many who believe in the possibility of intelligent life

and unknown technologies of contact, science fiction is science fact, identity is never a

given, and the boundaries of inside and outside are always open to interrogation.

Particularly in the networked spaces that we inhabit today, when information of

unknown origin enters our living spaces as a matter of course, and often unbidden,

this book does not allow us to forget that the diversely inhabited worlds which

contribute to life�s ambiguousmessages and contingenciesmust be taken seriously.

We can turn on our televisions to the National Geographic Channel and hear

that astronomers and astrophysicists and other real scientists believe that extra-

terrestrial life is not preposterous – but probable. While it is not the purpose of

this chapter to interrogate the truth-value of such claims or of the documents

circulating as evidence in spheres of public culture, this book shows that that there

is much to be learned at this historical moment by turning anthropology�s
apparatus of visibility to sites of extraterrestrial culture, and to bear witness to

the leaps of faith of those who embrace the idea of the alien, in terror and in hope.

6.4.2. Galaxies of space discourse

Anthropology�s ethnographic method of participant-observation carries with it a

certain value for the context of the “thefield”.Classically this notion calls up images

of fieldwork and written representations of unified “societies” and “cultures,” and

their “institutions” and “customs” in remote places. And indeed, all of these

categorical units of analysis lend themselves readily to cross-cultural comparison.

In late nineteenth century�s Age of Empire, they aided the young field of

anthropology in defining itself as a coherent discipline, distinctively positioned

to gain new knowledge of “Us” and “Others“.

Having come a long way from such “othering” binaries practices, contemporary

anthropology finds new purpose in interrogating the differences and the gaps – the

creative tensions – between cultural orders and complex daily realities, and in the

actions people take to connect, and disconnect, across them. This is true to the nth
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degree for engaging the social in culture-specific terms of outer space, which

abides, and thrives, in open questions, and articulates an astonishing range of social

issues “from the Earth native�s point of view” (as anthropologist Susan Lepselter

puts this so well.255 Indeed, a striking feature of ET culture and its galaxies of

discourse, is the extent to which conventionally distinct fields of knowledge cross-

connect, collide, or pass through one another, under its influence. For “insider” and

more detached researchers alike, these galaxies reconfigure the facts and relation-

ships of particular human lives in their present day and, often unbeknownst to

actors, in terms recalling the science religiosity of earlier times. Outer spaces, in its

multiplicity of genres, are in this sense deeply cultural and explicitly historical. But

more to the point, they are invitational sites that call us to the horizons of subjects�
inner spaces, and demand that we hone apparatuses of hospitality; that we rethink

the terms of reference of space diplomacy.

Thus, the chapters in this book, with their multiple approaches to alien/UFO

experiences, communities, networks, and science and technology, are congruent

with topologies of spacetime, multi-sited from the start. Specifically for anthropol-

ogy, the validity of being “elsewhere” is a given of the subjectivities we explore. So,

too, is the validity of being “elsewhen,” whether in the “lost time” of an abduction

experience, or “in the beginning” of a religious philosophy of alien creationism, or on

a pilgrimage to the history-making faith-sites of contact and exchange – to Roswell,

NewMexico, where everyone knows that the first “flying saucer” crashed in 1947, or

to the “mother of all crop circles,” created in 2001 by unidentified artists in the grain

fields of southern England. In fact, the diversity of faithsites – published dialogues

and narratives of contact and abduction and dwelling among off-planet entities,

ufological archives, sacred inscriptions, and UFO theme museums, talk radio

airspace, archaeological sites, and so forth – poses a methodological challenge to

outer space research. Since our object of study is discursively fluid, the problem of

discerning local “models of and for” the enterprise (as the anthropologist Clifford

Geertz famously recognized) cannot be a simple one.

6.4.3. Modeling an ET diplomacy

However, it is an element of Bruno Latour�s network theory256 that intrigued me

in relation to ET culture. As anthropologist Karen Sykes observes, Latour�s
“passion for scientific practice [which] verges upon religiosity . . . deepens the

intimacy between the ideal and the material by repeatedly cross-cutting their

separation”.257 This quality, and in particular the “passion” and “intimacy” of the

engagement, are characteristics of ET culture – igniting the quest for relating

desire and reason, and I would add, prompting also a certain humility.
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As opposed to the scientific gaze that would seek to “get rid of all the filters one

brings to an object of study in order �to see things are they are,�” Latour sees the
project as “�giving an opportunity� to phenomena that, in other settings, would not

be �given a chance� [to appear]”258 by way of the alternative path of the proposition:
“offers made by an entity to relate to another under a certain perspective”.259 He

continues, contrasting the value of the proposition to that of (linguistic and optical)

metaphors, which take interpretative biases as interfering with accuracy: “The

more activity there is, and the more intermediaries there are, the better the chance

to articulate meaningful propositions”.260 Safford, commenting, draws the point

clearly: “Each entity is forced to pay attention to the other, and, in so doing, both

diverge from their customary paths to venture into territory which, although it

appears foreign from each of their unique vantage points, nonetheless belongs to an

interdependent existence”.261

That this interdependencemust be taken on faith is important. Anthropological

inquiry calls forth the subjectivities in the proposition, and offers a new approach to

a practical extraterrestrial imaginary of interdependence –what I shall refer to as an

anthropological model of visits.262Drawn from the image of theWorldWideWeb�s
standing invitation to “only connect,” this model opens diplomacy to the subjunc-

tive mood, as if neither scale nor power asymmetries in fact mattered. After all,

space is not only about states, and neither is it (only) about culture. It follows that a

historically situated (as opposed to an overarching, universalistic) space law, and

clear guidelines for legal negotiations that recognize networked exchanges and

their documents as an artifact of localized networks, are a crucial element of any

model of visits.

Further, this requires that entities on both sides of an exchange take positions of

what might be termed courageous vulnerability vis-�a-vis the other; both needing

“to pay attention to the other, and, in so doing, both diverg[ing] from their

customary paths to venture into territory which, although it appears foreign from

each of their unique vantage points, nonetheless belongs to an interdependent

existence”.263 Overall, then, ET diplomacy is hospitable to, and returns us to, the

notion of a de-exoticized alien-to-alien exchange. Less simple than it may appear,

the idea of “the visit” challenges us to reevaluate our attachments to, and de-

tachments from place. Thus, as we trace the decontexualizations and recontex-

tualizations of extraterrestrial events, entities, and objects, it is impossible to deny

the vulnerability and contingency of the social contexts subjects inhabit. On the

one hand,we cannot set aside the problematic of departures and disconnects, while

we focus on the work that anthropology is more deeply invested in of how

connections form across differences. On the other hand, as migration studies have

long understood, neither can we give place of privilege to progressive narratives

and “rites of passage” without at least considering how passages and migration
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generally speaking might be imagined as circular. From this perspective, the

question becomes how “home” is experienced upon return, and whether one really

can go home again.

Observe what Russian cosmonaut Valentin Lebedev wrote in his diary in 1982,

on the day before he and his fellow cosmonaut, Anatoly Berezovoy, would return to

Earth after seven months in space on board the spacecraft Solyut-7: “We are

anxious; who knows why.”And what about? His dangerous reentry? The prospect

of landing in a remote area of Russia during a snowstorm and waiting for over half

an hour in freezing conditions to be discovered as rescue helicopters crashed

nearby? (These things actually happened.) No. He is wondering, “What�s it like
down there? We�re no longer accustomed to life on the ground. Our lives are

attuned to this small island in space, and suddenly here we come, back to the Big

World!Wedon�t feel comfortable with the idea”.264And howworrying if they had

been comfortable with the idea!

Whether we are focused on extraterrestrials (aliens) or alien technology

(ufology); on channels of communication or saucerian visions, each homes to

event-sites and event-time right here on Terra. The idea of humans in outer space

presents an opportunity to consider carefully the conceptual tools that we take

along with us, and as well to acknowledge that (as astronauts designate the greatest

danger in space) we deepen our understanding of the weather that threatens our

mission there – in the all-too-human sense of patterns of violence and hegemonic

political agendas that subvert our human capacity for creativity and connection.

6.4.4. The ET effect upon the social

The chapters in this book demonstrate an exploratory project in two registers:

involving human subjects and alien entities at sites of faith in outer space – not

least, interdisciplinary conferences such as the one in which most of them

originated. Partly because of this structural affinity, the two sets of relations can

productively engage one another in their departures from more usual grounds of

authority for recognizing modalities of the human project. And since the

metaphysical is an illuminating but not essential component of this reflexive

exchange, they can together raise a common, and profound, question regarding

who claims the status of “host” and who “visitor” – as it were (paraphrasing the

French philosopher, JacquesDerrida), who dares to say welcome at these sites.We

do so in anticipation that anthropological questions will yield new knowledge that

supplements and destabilizes prior knowledge, acting back upon the field, and

productively revealing new gaps and insufficiencies there, and new itineraries of

discourse.
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It is imperative to hear this: the ET-effect cannot be dismissed as science

fantasy before we know what precisely of social and material consequence to a

heterogeneous life on Earth we are actually dismissing; what the “extra” in Extra

Terrestrial is doing for and to us. Questions of transparency in authority,

authorship, and authorization will figure centrally in any enlightened space

policy, alongside questions about sources of power and access to knowledge.

In a positive vein, the idea of an alien knowledge source can inspire bold ef-

forts of translation across cultural differences, carrying with it the promise of

new horizons of social exchange. In a negative vein, alien powers can call up

a common nemesis: the opaque and inaccessible “powers that be”which, as noted

by political theorist Jodi Dean,265 guard access to the domains of secret

knowledge.

Recent anthropology has raised questions about this domain�s invisibility or

transparency, respectively, and has produced groundbreaking collections that

emphasize the tyranny of the one266 or of the other,267 respectively. Refusing

towrite the culture concept out of the picture, these collections focusmuch-needed

attention on operations of modernity and postmodernity that would seem actually

to warrant anxiety, from the subject�s point of view. In the main, this anxiety is

focused on a Truth that is “out there,” to cite the signature theme of conspiracy

studies, but hidden and controlled by an absolutely powerful few – to disastrous

effect for future life on Earth. Whether such authorities are the scientific

establishment�s “vigilante skeptics”,268 or moral police within world religions,

the consequences for subjects who challenge them are in some sense shared by all

Earth dwellers. From this perspective, it is not inappropriate to construct their, and

our, concerns in terms of boundary maintenance, creating more openness to the

resources that corporeal bodies, the body politic, and celestial bodies need in order

to flourish.

In this chapter I have sketched some thoughts toward a new use for anthropol-

ogy as a reflexive, historically and socially situated futurology for planetized persons

and their intellectual, spiritual, and popular culture communities. Here, the idea of

the extraterrestrial shows itself as an exemplary site for exploring insiders� voices in
outer spaces, and too, for exploring the fullest reach and range of anthropological

critical interrogation, theory, and methods: to productively destabilize prior

knowledge of the field. I have tried to expose otherness (though not a sense of

the foreign) as fraudulent to the discourse of the alien, that wemight reveal human

differences of extraterrestrial consciousness and social practice in more appropri-

ately familiar terms. The collage of interdisciplinary fields of this book bears

witness to the complexity of interdiscursivity, generally speaking, and in strict

accord with the entities it considers, reveals the Vienna Vision as a project both

terrifying, and hopeful beyond belief.
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CHAPTER 7

THE VIENNA VISION
ON HUMANS IN OUTER SPACE





Humans in Outer Space

The way forward for the next 50 years

Space age has reached its 50th anniversary. Development of robotic exploration to

distant planets and bodies across the solar system, as well as pioneering human

space exploration in Earth orbit and theMoon, paved the way for ambitious long-

term space exploration. Europe has always played a significant role in the

endeavours of humankind to explore other worlds and to understand the Universe

in which we live. Today, space exploration goes far beyond a merely technological

endeavour, as its further development will have a tremendous social, cultural and

economic impact. Space activities are now entering an era where the contribu-

tion of the humanities – history, philosophy, anthropology, the arts as well as

the social sciences – political science, economics and law – will become crucial for

the future of space exploration. Now that the awareness for the societal complex-

ity of activities in space is growing internationally, it is vital that Europe, with

a stronghold in natural sciences as well as its identity firmly rooted in the human-

ities and the social sciences, grasps the opportunity to involve their specific

knowledge(s) in the long-term planning of exploration undertakings.

The next generation may be given the opportunity to explore new places and

discover new worlds. Those adventures will be driven by the human desire of quest

for knowledge and human curiosity. They will provide a main opportunity for

equitable international cooperation.Humans divided onEarthwill hopefully unite

in space as citizens of one planet.

Interdisciplinary Odysseys

The European Science Foundation (ESF) has organized the first comprehensive

trans disciplinary dialogue on humans in outer space. This dialogue goes further

than regarding humans as better than – robot tools for exploration. It investigates

the human quest for odysseys beyond Earth�s atmosphere and reflects on the

implications of the findings of extraterrestrial life. The inherent human curiosity

for exploring the unknown is at the heart of this dialogue, and is addressed

through collaboration between the ESF Standing Committee for the Humani-

ties (SCH) and the ESF European Space Sciences Committee (ESSC), in

cooperation with the European Space Agency (ESA) and the European Space
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Policy Institute (ESPI) in Vienna. Recently the “Athens declaration” enabled by

the ESSC established a scientific framework for defining Europe�s exploration
programme.

The Vienna Vision on Humans in Outer Space was developed at the

“Humans in Outer Space” conference, held in Vienna on 11–12 October 2007

locally organised byESPIwith the support of theAustrianMinistry for Transport,

Innovation and Technology (BMVIT). This vision provides a European perspec-

tive in identifying the relevant needs and interests linked with space exploration. It

is presented to several European and international fora, in order to make it a useful

element for the position-finding and decision-making process.

First Odyssey

Humans in Earth orbit

What effect does it have?

Home. Earth is a fragile oasis in the vastness of the solar system and it needs to be

protected from natural and man-made threats. Once in space, humans are no

longer just citizens of individual countries, but also of the planet Earth caring for its

overall global sustainability.

Progress. Human space flight is a major source of innovation. It can benefit

societies around the world with a variety of technological spin-offs and scientific

research possibilities; it has even been argued that it could help to overcome the

limits for growth on several levels. Through endeavours such as the International

Space Station new partnerships are built, which can cultivate international

cooperation in a spirit of friendship and mutual understanding.

Technology. Humans increasingly rely on technological advancements in their

everyday lives. Relationship between humans and machines will reach new

dimensions, and in the process may make it necessary to readjust our notion of

�humanity�. Space applications can have a positive impact on the quality of life on

Earth and eventually beyond. Through television and internet everyone can

virtually experience space flight or the vistas of planetary surfaces. In the near

future space tourism may no longer be a dream but become a possibility to those

interested.

Law. The legal framework for space activities needs to be further developed in a

way that cultivates peaceful uses of outer space and equal rights for all humankind.

Human rights will also have to be considered, as new moral challenges will face

humanity.
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Second Odyssey

Humans in space exploration

What effects will it have?

Humanity. In the new era of technological advancements, the human factor is

essential. Without human presence in space, spaceflight and exploration will lack

an important dimension. Global cooperative endeavours will allow fostering the

further development of collaboration among peoples, societies and cultures.

Discovery. Space exploration allows for discovery in two ways: it makes it

possible to search for specific things, i.e. new energy resources; but it also opens up

the opportunity to follow the thrust of scientific and cultural curiosity. The latter is

one of themost inspiring traits of humankind since the beginning of its history and

it should lead again to incredible discoveries.

Culture. Space exploration is a challenging, cooperative endeavour that offers

opportunities to further strengthen European ties and define European values and

priorities. The identity of Europe is constituted by its specific cultural approach

towards both scientific and moral issues, and it will be this angle which will

influence societal development as well as serve as inspiration for the younger

generations.

Rights. Through space exploration, new partnerships will form. This will call for

a proper legal framework serving to peacefully regulate issues such as space traffic

management. Furthermore planetary protection needs to be elaborated with

international partners concerning forward and backward contamination, and

Europe must play an influential role in that context.

Third Odyssey

Humans migrating the Earth

How will it affect human thought?

Habitat. Driven by curiosity and in order to extend opportunities, humans may

eventually search for settlements outside our planet. What is unimaginable today

may become necessary in the future. The first child to be born in space will mark

the dawn of a true space generation.

Encounters. Humans should be open to the idea of possible encounters with

other forms of life in outer space, either through the discovery of life in the solar
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system (extinct or extant), or through the reception of extraterrestrial radio signals.

A new era will begin should humans realize that they are not alone in the universe.

Such discovery may likely cause the development of a new collective identity for

humanity.

Belief systems.What people believe in, and how such beliefs are structured, has a

strong binding force on societies, on Earth and eventually beyond. Human belief

systems, whether religious or secular, change in the context of new living

environments, and in contact with other forms of life and societies. As the merely

technological or political approach will no longer be sufficient in dealing with such

contacts, the humanities and the social sciences will gain in importance.

Adapting. Past encounters that took place on Earth show that human beings did

eventually adapt to unforeseeable realities, although often at very great costs.While

the first effects of an encounter between humans and extraterrestrial life are

unpredictable, humans need to be aware that they will be held morally, economi-

cally and politically accountable for their choices.
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Fig. 1. Flyer �The Vienna Vision on Humans in Outer Space�.
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