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About the Center for Strategic and International Studies 
 
For four decades, the Center for Strategic and International Studies has been dedicated to providing 
world leaders with strategic insights on—and policy solutions to—current and emerging global 
issues.  The CSIS team of 190 researchers and support staff focus primarily on three subject areas. 
First, we address the full spectrum of new challenges to national and international security. Second, 
we maintain resident experts on all of the world's major geographical regions. Third, we are 
committed to helping to develop new methods of governance for the global age; to this end, CSIS 
has programs on technology and public policy, international trade and finance, and energy. 
 
A private, nonpartisan institution, CSIS is headquartered in Washington, D.C. CSIS is led by 
Dr. John J. Hamre, formerly deputy secretary of defense, who has been president and CEO since 
April 2000. We are also guided by a board of trustees chaired by former senator Sam Nunn and 
consisting of prominent individuals from both the public and private sectors. 
 
About the Human Space Exploration Initiative 
 
The Human Space Exploration Initiative (HSEI) is a project at the Center for Strategic and 
International Studies that is examining the uncertain future of human space exploration. The purpose 
of this initiative is to explore new international perspectives on the future of human presence in 
space, assess their relative prospects, and build a new common global vision and agenda for the 
future of human space exploration. 
 
The project roots can be traced to a series of discussions at CSIS during the summer of 2003 
regarding a gap in leadership in human space exploration and recent developments in new space-
aspiring nations.  These discussions led to a deeper debate over the role of space exploration in 
international security and ultimately in human destiny.  Senior Advisor Dr. Carlos Bulgheroni argued 
the need for nations around the world to work together in a peaceful manner in order for humanity 
to expand its horizons.  Thus, there emerged the basis for a project to examine the prospects for 
human space exploration on a global basis and the opportunities to catalyze a truly international 
effort. 
 
The project team met with prominent members of the space community, public and private, from 
around the world in 2004.  CSIS held workshops on key issues related to the future of human space 
exploration, and held a conference in Brussels in February 2005 in conjunction with the European 
Commission's Earth and Space Week. 
 
This report is an effort to synthesize the project team’s preliminary findings and observations, to 
serve as a starting point for further dialogue on the key challenges facing human space exploration 
activities, and to propose new mechanisms for global collaboration in the 21st century.   
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“Earth is the cradle of humanity, but one cannot remain in the cradle forever.”  
 
– Konstantin E. Tsiolkovsky. 
 
 
 
“The past is but the beginning of a beginning, and all that is and has been is but the twilight 
of the dawn.”   
 
 – H.G. Wells 
 
 
 
“What saves a man is to take a step. Then another step. It is always the same step, but you 
have to take it.”  
 
– Antoine St. Exupery 
 
 
 
“The challenge of the great spaces between the worlds is a stupendous one; but if we fail to 
meet it, the story of our race will be drawing to its close. Humanity will have turned its back 
upon the still-untrodden heights and will be descending again the long slope that stretches, 
across a thousand million years of time, down to the shores of the primeval sea.” 
 
– Arthur C. Clarke 
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FOREWORD 
 
“This is Gene Cernan, and I’m on the surface, and as I take man’s last step from the surface, back home for 
some time to come, but we believe not too long into the future – I’d like to say what I believe history will 
record.  That America’s challenge of today has forged man’s destiny of tomorrow, and as we leave the Moon 
at Taurus-Littrow, we leave as we came, and God willing as we shall return, with peace and hope for all 
mankind.  Godspeed the crew of Apollo 17.” 
 
Thirty-three years ago, U.S. Astronaut Gene Cernan spoke those words as Apollo 17’s lunar 
module prepared to leave the surface of the moon.  Only eleven years had passed since Yuri 
Gagarin’s first journey into space in 1961, and less than seventy years - a normal human 
lifespan - had passed since the Wright Brothers inaugurated the era of flight in 1903.  One 
might have imagined that future progress was inevitable; and that by the end of the 
millennium, humans would have formed colonies on the Moon, traveled to Mars, and made 
the dream of space exploration a reality for thousands or tens of thousand of people – not 
just dozens. 
 
But thirty-three years later, that reality has not emerged.  The world’s human space 
exploration activities have been centered on low-earth orbit activities since 1972, focused in 
the last twenty years on the development of space station capabilities to serve as both a 
research platform and a stepping-stone to the next challenge.  But for a variety of reasons – 
technology, costs, national will – there has been no great manned push outward into the 
solar system since Apollo 17 returned from the Moon.   
 
To be certain, tremendous strides have been made in space exploration and space 
applications during the last few decades.  Unmanned probes have traveled to nearly every 
planet in the solar system, and conducted research that has revolutionized our understanding 
of the nature of the universe and the formation of the solar system.  Powerful telescopes 
have been launched into earth orbit, and are gazing outward to the far corners of the 
universe.  Thousands of satellites have been launched into earth orbit, providing the world 
with new and enhanced abilities to communicate, determine one’s location, carry out 
financial transactions, monitor weather, and predict or detect natural disasters. 
 
But amid all of this progress and discovery, human space exploration has moved forward 
slowly, and faced a range of setbacks and difficulties in recent decades.  This report focuses 
on the challenge of human space exploration precisely because it is difficult – not out of any 
judgment about the relative merits of the various types of space activity.   
 
Today, for the first time in many years, there is new hope and interest in human space 
exploration around the world.  China launched its first ‘taikonaut’, Yang Liwei, into space in 
October 2003.  Still recovering from the Columbia tragedy of February 2003, the United 
States put forward a bold, new vision for the future of human space exploration in early 
2004.  And in the fall of 2004, a small private sector company sent SpaceshipOne on a 
suborbital journey, inaugurating the era of private human spaceflight.  All of these activities, 
and many others around the world, have catalyzed new energy around the questions of the 
future of humans in space, and reawakened a fading dream. 
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The Center for Strategic and International Studies created the Human Space Exploration 
Initiative in the summer of 2003, witnessing the early signs of this reawakening and believing 
that the key long-term challenges of space exploration could benefit from an infusion of new 
ideas and perspectives.  The purpose of this initiative is to explore new international 
perspectives on the future of human presence in space, assess their relative prospects, and 
build a new common global vision and agenda for the future of human space exploration.   
 
The project team met with prominent members of the space community, public and private, 
from around the world in 2004.  CSIS held workshops on key issues related to the future of 
human space exploration, and held a conference in Brussels in February 2005 in conjunction 
with the European Commission's Earth and Space Week. 
 
The project has focused on four key questions: 
 

1. What are the potential visions for the future of human space exploration? 
2. What are the relative merits of each vision? 
3. What are the obstacles to an expansive vision for space exploration? 
4. Can these obstacles be overcome, and if so, how? 

 
During this time, the project team met with leaders and experts in key space faring nations 
around the world to discuss these questions, test new ideas and concepts, and develop 
recommendations focused on what the global community can do to catalyze the next great 
era of human space exploration. 
 
This report is a product of those efforts.  It dissects these key questions, analyzes the key 
challenges of human space exploration, and offers a set of recommendations intended to 
address these challenges.  The report is intended to serve as a starting point for a broad and 
sustained dialogue with political authorities, experts on space issues, and private sector 
leaders from around the world – and to motivate new activity in pursuit of solutions to our 
common challenges.  This final edition takes into account the comments received by the 
HSEI team on the draft report which was released in Brussels on February 15-16, 2005. 
 
The report attempts to take a unique perspective on the issue of human space exploration in 
three important ways.   
 
First, to the extent that the problems of human space exploration are political rather than 
technical, we have looked at these issues through such a filter, and tried to apply frameworks 
and models from other political venues and institutions to the key questions of human space 
exploration.  
 
Second, we have strived to consider the issue of human space exploration within the context 
of other global needs and interests.  Many prior analyses treat space exploration as a 
spectacular and isolated journey for adventure and scientific discovery, apart from the 
diverse and complex realities of life on earth.  We believe that human space exploration 
needs to be discussed and justified in the context of a broader narrative, as part of the 
seamless fabric of human existence on the planet. 
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Third, we have approached these issues always as global questions and global challenges –
not merely issues for a single country or a small coterie of powers.  We have tried to envision 
what a truly global project for human space exploration might look like, and tried to 
anticipate the challenges that it would face.  We believe unreservedly that space exploration 
must be a global venture if it is to succeed – not only for practical reasons of cost, but also 
out of the belief that exploration will be ennobled if it is a global pursuit and all of humanity 
is enriched.  Throughout the course of our dialogue and research we have endeavored to 
maintain a neutral and balanced perspective on the subject. 
 
For these three reasons, we are hopeful that this report can make a contribution to the 
global vision for human space exploration and the implementation of that vision.  
We hope that it will help leaders around the world to work together to make far-sighted 
decisions, and find ways to overcome the structural weaknesses and mundane wrangles that 
have plagued collaborative multinational human space exploration activities in recent 
decades.   
 
Nothing in this report will be easy to carry out, and it is almost inevitable that difficult or 
even catastrophic obstacles will be in our future if a bold path is chosen.  But that should not 
deter mankind from embarking boldly forward – to the “still untrodden heights” – that until 
now we have only seen from afar. 
 

______________________________ 
 

 
The Human Space Exploration Initiative would not have been possible without the visionary 
outlook of Dr. Carlos Bulgheroni, Chairman of Bridas Corporation and a senior advisor to 
the Center for Strategic and International Studies.  
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EXECUTIVE SUMMARY 
 
The future of human space exploration is today at a crossroads.  Thirty-three years have 
passed since man last set foot on the Moon, and in that time, human space exploration has 
been confined to low-earth orbit.  Enormous strides have been made within other venues of 
space exploration during that time, but human activity in space has faced numerous 
challenges and setbacks in recent decades.  Today, a number of countries (and non-state 
actors) have shown resurgent interest in human space activities, creating hope that a new 
reality can emerge. 
 
This report looks at what it will take to change the reality of human space exploration today.  
It begins with a baseline overview in Chapter I of human space exploration activities around 
the world, based on public statements and the project team’s visits with experts and leaders 
in many of the major spacefaring nations during the last year.  It then focuses on the broad 
set of interconnected challenges that the world must overcome if human space exploration is 
to move forward.  These challenges fall generally into three categories: technology, 
governance, and public support. 
 
Chapter II focuses on the technological challenges of human space exploration.  It begins 
with a brief overview of the key technologies where progress must be made, including access 
to space, power and propulsion, crew health and safety, human habitats, and robotics.  The 
chapter then examines the related challenges of managing innovation and technology, 
addressing questions about how space agencies should develop a technology roadmap, fund 
investments in R&D, and balance these investments among incremental and breakthrough 
technologies.  It concludes with an overview of some of the technology-related policy 
challenges in human space exploration, including nuclear power in space, debris in Earth 
orbit, planetary protection, and technology transfer issues. 
 
Chapter III looks at the governance-related issues for human space exploration, and the 
challenges of leading and organizing space activities. It contains an important section on 
international cooperation for human space exploration, looking closely at the key challenges 
associated with designing effective international cooperation.  The chapter examines the 
relationship between the public and private sectors, and the challenges with ensuring that the 
two sectors can cooperate effectively and have optimally efficient investment incentives.  
The chapter concludes with an examination of the current legal context for human space 
exploration and the relevance of that framework for future space activities. 
 
Chapter IV examines a third key challenge for human space activities: building and 
sustaining public support.  The chapter begins with an assessment of the generic motivations 
for human space exploration, and their relation to each other.  It then looks at the question 
of public opinion, and what the space community can do to build and sustain favorable 
public support.  It examines the role of political leadership in public support.  It concludes 
with a section on the related issue of developing the space workforce, and using the 
education system and other forms of outreach to inspire the next generation of space 
explorers around the world. 
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These three chapters establish the context for the recommendations put forward in Chapter 
V.  These recommendations are intended to serve as catalysts – tools that might improve the 
conditions for solving the more complex challenges of space exploration and moving the 
world forward toward a new era of human activity in space. 
 
The five recommendations put forward in the report are: 
 

1. Establish an International Year of Space Exploration (IYSE) in 2011, along the 
lines of the International Geophysical Year and the International Heliophysical Year.  
The year 2011 will be the 50th Anniversary of human spaceflight, commemorating 
Yuri Gagarin and Alan Shepard’s first flights, and the demarcation of the IYSE can 
catalyze space exploration activity on a global basis. 

 
2. Create a new International Space Governance Forum, which can serve as focal 

point for leadership on policy and governance issues.  The Forum could:  
 

• Analyze exploration and policy proposals from a global perspective, independent 
of any national or private interests; 

• Share best practices across borders and putting forward broad and eclectic 
models that can guide future international initiatives; 

• Facilitate linkages on international cooperative projects; 
• Engage the space community on in-depth professional discussion of technical 

matters and mechanisms for international cooperation; 
• Conduct independent evaluation of roadmaps and technology concepts. 

 
The Forum could be created at an existing institution such as the OECD or United 
Nations, or established as part of another appropriate organization. 

 
3. Charter a new Global Venture Fund for Space Exploration.  There are countless 

ideas found scattered throughout the private sector and the scientific community that 
might contribute, in a significant way, toward the development of a future human 
space exploration architecture.  And there are millions of individuals around the 
world who would like to see the expansive development of space exploration, but 
have no direct means to support this work.  A Global Venture Fund for Space 
Exploration could solve both of these needs, and solicit funds from national 
governments, the private sector, and individuals to invest in breakthrough research 
that can contribute to the development of human space exploration. 

 
4. Establish an International Prize for Space Exploration. The space exploration 

community currently lacks a means to reward and provide incentives to those who 
have made the greatest contribution to space exploration activities, at the stature of 
the Nobel Prizes for Chemistry, Physics, and Medicine.  A new International Prize 
for Space Exploration that would reward excellence in science, engineering, or other 
activities that significantly advance the future of human space exploration. 

 
5. Make a renewed international commitment to space education on an international 

level building on related existing programs such as the GLOBE Program and 
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UNESCO.  Although national governments spend millions of dollars each year on 
space education activities, there is no single effort at present to interest and motivate 
the next generation of researchers and explorers on a global basis.  National 
governments and the private sector should support new multi-year efforts to build a 
broader base of interest in space exploration among young people around the world. 

 
 
 
These five recommendations can collectively strengthen the global foundation and sense of 
purpose for human space exploration activities in the world today and can help to catalyze 
new efforts to improve governance, technology innovation, and public support of space 
exploration on an international level.  They can reinforce ties within the space community 
and build new bridges to external constituencies at a relatively low cost and in short time.  
And while they may facilitate small steps to the larger goal of a global effort in human space 
exploration, without establishing some mechanism for moving forward, none of these 
recommendations will be accomplished.  These recommendations will help CSIS in directing 
work on the Human Space Exploration Initiative for the years to come. 
 
The world of space exploration is at an inflection point today.  The human race has the 
resources and capabilities to move forward to explore and settle new worlds; but there is an 
equal possibility that we will remain stuck where we have been for the last thirty years.  This 
paper assesses how the world can avoid this latter path, and move forward toward a bold 
and adventurous future for human space exploration. 
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I. THE STATE OF HUMAN SPACE EXPLORATION TODAY 
 
In 2004, members of the Human Space Exploration Initiative project team traveled to Paris, 
Brussels, Tokyo, Beijing, and Moscow to meet with senior officials in national space agencies 
and other experts to learn about their activities and build a perspective on human space 
exploration interests, objectives, and challenges in these countries.  The team has also met 
with NASA officials in Washington, DC and California for similar discussions.   
 
This chapter provides summary capsules and key points from our meetings in these 
countries in 2004, in chronological order of our visits.   The summary descriptions of 
countries’ outlooks, plans, and motivations stated below are our own, and do not necessarily 
accord with the explicitly-stated interests and motivations of the various countries.  Several 
key countries, including Canada, India, and Brazil, are omitted from this chapter, but this 
simply reflects the fact that we have not yet traveled to meet with their space agencies.  
Finally, these snapshots are not intended to be exhaustive in their scope, but rather are 
intended to provide a context for the topics discussed in the remainder of the report.  
 
A. Europe 
 
Institutions: The continent of Europe is home to a patchwork of space institutions, led by 
the European Space Agency (ESA) but also including national space agencies and in recent 
years, the European Union (EU).  Collectively, these institutions and their supporting 
facilities provide Europe with strong and broad capabilities that support human space 
exploration activities.  However, Europe has made a strategic decision not to pursue 
independent human space activities, but instead is primarily engaged in human space 
exploration via the International Space Station (ISS) program.  It also directs a large 
proportion of its resources for space exploration toward robotic missions.   
 
Motivations: European motivations for human space exploration vary from country to 
country, which explains why some member states do not provide ESA with funds for the 
ISS.  But other nations play a significant role in human space exploration, most notably 
France, Italy and Germany.   
 
The most important motivations for human space activities within Europe include (a) the 
development of and exposure to advanced technology; (b) as a tool to build a new European 
identity, (c) scientific interests, and (d) strategic imperatives.  Europe’s broader interest in 
space activities is generally pragmatic, focused on satellite systems such as Galileo and 
Global Monitoring for Environment and Security (GMES) that can deliver practical 
commercial or social benefits to Europe and its regional neighbors.  Its participation in the 
ISS is actually something of an outlier in comparison with its broader portfolio of space 
activities, reflecting scientific interests related to its Columbus module but also clear political 
imperatives. 
 
Plans: Europe’s near-term focus within the area of human space exploration is its 
participation in the International Space Station, such as its development of the Automated 
Transfer Vehicle which will be launched via the Ariane 5 rocket in order to resupply the 
Station, and its efforts to ensure that its Columbus module is delivered to the Station and 
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serve its intended scientific purpose for a sufficient period of time.  In the longer-term, the 
Aurora Program, or any derivative program, developed by ESA provides a potential 
roadmap for space exploration activities within the solar system, both manned and 
unmanned.  A decision about whether and how to move forward on the Aurora roadmap is 
forthcoming for ESA and its member states.  Any decision on Aurora is likely to converge to 
a certain extent with the US Vision for Space Exploration, at the roadmap-level if not the 
mission-level.  Future robotic missions within Europe are also likely to contribute toward 
human exploration objectives. 
 
Challenges:  Europe’s human space activities face a number of major challenges today.  The 
experience of the International Space Station makes Europe wary to pursue any new 
internationally-organized or American-led venture, and the current condition of the 
transatlantic relationship redoubles this uncertainty.  The uncertain balance of authority 
between ESA, EU, and the two organizations’ member states (which differ slightly) creates 
the potential for bureaucratic gridlock.  Demographic shifts and long-term population 
declines within Europe threaten the aerospace workforce and capital base.   
 
Outlook: In spite of its recent experiences and present challenges, Europe is likely to remain 
a first-tier player in human space exploration in the coming decades, given its share of global 
wealth and leadership in many key technological areas.  Europe is likely to thread the line 
between the political desire for autonomy and pragmatic imperatives for cooperation in the 
coming decades.  Europe has traditionally partnered with the United States on a range of 
space projects, and is likely to continue to do so, but is increasingly also looking to other 
countries for cooperation opportunities (e.g., with Russia to launch the Soyuz from its 
facility in Kourou, French Guiana).   
 
B. Japan 
 
Institutions: The key institution for human space exploration within Japan is the Japanese 
Aerospace and Exploration Agency (JAXA), the result of a merger in 2003 of three legacy 
space agencies: the National Space Development Agency (NASDA), the Institute of Space 
and Aeronautical Science (ISAS), and the National Aeronautics Laboratory (NAL).  The 
Cabinet Office and the Ministry of Education, Culture, Sport, Science, and Technology 
(MEXT) also play important roles in guiding Japan’s space activities. 
 
Motivations: Japan’s space program has been driven since its inception by a strong focus on 
the peaceful uses of space.  The 1969 Diet Resolution limits Japan’s space activities to 
commercial and scientific endeavors.  Space is seen as a tool to improve the quality of life 
and economic conditions; examples of this include the importance of space assets for 
weather monitoring (important in a country with a high risk of natural disasters) and the high 
market penetration of GPS systems in automobiles.  Recent shifts in the regional geopolitical 
environment (in particular the threat posed to the country by medium and long-range 
missiles from North Korea) have changed the country’s attitude toward security-motivated 
space technologies, and the country has invested in reconnaissance satellites as a result. 
 
For a potential domestically-led space initiative to take hold, it needs to satisfy one or more 
of the following motivating factors:  
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• Scientific research,  
• Direct economic benefits (developing spin-off technologies from space investments),  
• Security enhancement (mostly in terms of natural disasters, but increasingly in terms 

of regional military threats).   
 
Space activities that do not support or enhance one or more of these motivations often find 
it difficult to gain support in Japan – a fact that often makes it difficult for the country to 
expand or sustain its activities in human space exploration.   
 
Plans: Like Europe, Japan is focused within human space exploration on seeing the ISS 
through to the “core complete” stage and utilizing its Kibo module consistent with its 
original objectives.  Japan’s broader space activities are focused narrowly on fixing the H2A 
launch vehicle at present and developing new reconnaissance and navigation satellite 
systems.  Japan has indicated in a recent strategy document that human space exploration is 
a national objective, but the extent to which it participates in future internationally human 
space endeavors remains to be seen.  It is unlikely to choose an autonomous path for human 
space exploration, although perhaps it would embark upon autonomous robotic missions 
that support the broader roadmap for the human exploration of the Moon and Mars. 
 
Challenges:  Japan’s lengthy and traumatic period of economic stagnation, from the early 
1990s to the present, has harmed its fiscal situation and reduced the country’s appetite for 
risk-taking.  The country’s aerospace workforce is aging and the country’s high labor costs 
make it difficult for it to compete in some segments of the commercial space sector and 
sustain a broad aerospace base. 
 
Outlook:   Japan’s experience in developing the Kibo scientific module for the ISS has 
diminished some of its near-term enthusiasm for human space activities.  Despite this, Japan 
is likely to play an important role in any future exploration initiative, in a way that minimizes 
its dependence on other countries.  This means either developing best-in-class capabilities in 
a certain technological area that is on the critical path for future space exploration (such as 
solar power cells or robotic technology), or engaging on independent missions that 
complement other nations’ activities, as part of a broader exploration architecture.  Japan 
would prefer any long-term exploration program to be well-articulated and modular, and 
producing demonstrable results every two or three years, as a means to sustain public 
support.  
 
C. China 
 
Institutions:  The Chinese space program is led by the General Armaments Department of 
the People’s Liberation Army, and supported by a range of military, civilian, and quasi-
civilian institutions.  The official political lead agency for the Chinese space program is the 
China National Space Administration (CNSA). 
 
Motivations: The most important factors motivating China toward its space exploration 
goals are its sense of national prestige and economic interests.  China has worked assiduously 
to assert its growing influence on the world stage in recent years, and has made extensive 
efforts to develop and project the symbolic manifestations of this claim.  The Summer 
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Olympics in Beijing in 2008 are one result of this; the decision to put a man in space is 
another.   
 
China understands that such an expression of national identity also has practical benefits.  It 
has studied the lessons of the Apollo program closely, and views the second-order economic 
effects of exploration to be worthwhile reasons to move forward with human space 
exploration.  The Shenzhou-V launch is clearly motivating the development of the next 
generation of scientists and engineers in China.  Its top aerospace universities now graduate 
tens of thousands of highly-skilled engineers and scientists each year. 
 
Plans:  The successful launch of the Shenzhou-V in October 2003 was the culmination of a 
decade of careful planning and cautious steps forward.  China has pursued a similarly 
cautious approach since the Shenzhou-V, waiting until 2005 to carry out a second human 
space mission.  But this caution should not mask China’s ambitious long-term agenda.  In 
low earth orbit, China has expressed its interest in joining the ISS partnership, but failing 
that, has said that it intends to develop its own space station.  China has also developed a 
long-term strategy for lunar exploration and settlement and a stepwise roadmap to 
implement this strategy.  China’s space leaders have spoken explicitly of the human 
imperative for space settlements, and are moving forward to carry out a long-range plan that 
can fulfill these objectives.   
 
Challenges: China’s transition to a market-based economy in the last three decades has 
been breathtaking but faces an uncertain future in the decades ahead.  For all of China’s 
gains, it is still a developing nation, and integrating the antiquated industrial and agrarian 
segments of its economy could prove difficult and wrenching to China’s future economic 
prospects.  It is possible that at a certain stage the ‘national prestige’ motivation for human 
space exploration will wear off in China, as it develops and integrates itself deeper into the 
community of nations.  These broader forces could slow the pace of China’s human space 
exploration activities.   
 
China’s relationship with the United States poses another challenge to the country’s 
development of space activities.  US-China relations are amicable but wary at present, and 
both nations distrust the other’s intentions related to the militarization and/or 
weaponization of space.  This proxy conflict makes it difficult for the two countries to 
cooperate on space activities, and the United States has an effective veto on Chinese 
participation in any space initiative in which it is involved, such as the ISS.  Recently though, 
NASA and the Chinese space program have developed an informal dialogue for the first 
time in many years, a positive sign that the current atmosphere of distrust can eventually be 
diffused.   
 
Outlook: China is today a developing nation in catch-up mode, but it is likely to emerge 
(along with India) as one of the two new space superpowers in the 21st century.  Its sheer 
size, its ambition, and its careful development of technical capabilities and a large aerospace 
workforce will likely propel it to the first rank of nations.  Its political system and 
organization allows it to carry out human space exploration activities with less concern for 
public support than democratic nations; if its political system were to liberalize in coming 
decades, support for human space exploration could weaken as a secondary effect.  On the 
other hand, the current Chinese leadership has developed strong ties between China’s sense 
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of national identity and its human space program, which will likely drive the country’s space 
program forward irrespective of international political shifts in the future.   
 
D. Russia 
 
Institutions: Russia’s space program is led by the Federal Space Agency (FKA), and 
supported by a vast range of public, private, and quasi-governmental institutions, the legacy 
of the Soviet Union’s enormous investment in space activities.  Key supporting institutions 
include RKK Energia, the Central Research Institute for Machine Building (TsNIIMASH), 
the Russian Academy of Sciences, the Institute for Biomedical Problems, and the Gagarin 
Cosmonaut Training Center.   
 
Motivations: The Soviet Union’s strong and trailblazing legacy in space still informs the 
mindset of the leadership of the Russian space program.  Space exploration was a key 
element of Communist ideology from Sputnik onwards, and was used to advance the idea 
that the Soviet Union was overtaking America and the west for global technological 
dominance.  The fall of Communism was a shock to the system to the admirable Soviet 
space program, which remained strong throughout the 1970s and built the first large-scale 
station in earth orbit (Mir) in the 1980s.  The last fifteen years have been difficult for the 
now-Russian space program, hit simultaneously by the loss of funding and the withdrawal of 
the ideology with which it had been so closely identified.  The Russian space program, proud 
but wounded, is only now beginning to renew itself and reclaim its former preeminence.  It 
is motivated strongly by commercial imperatives; many elements of the Russian space 
program have become entrepreneurial by necessity to stay in operation since the decline in 
government funding at the end of the Cold War. 
 
Plans: Russia views a human presence in space and related exploration activities as a critical 
element of its broader space program, and with the Space Shuttle grounded at present, 
maintains the only life line between the International Space Station and Earth.   It is wary of 
what will happen if there is a gap in the continuity of a manned presence in space, after the 
International Space Station but before key missions of the US Vision for Space Exploration.   
Such a gap could make difficult to “restart” manned space exploration both for technical 
and political reasons.  It has shown no interest in establishing its own space exploration 
strategy as the United States, Europe, and China have done, but is content to partner with all 
countries and offer world-class and relatively low-cost systems and technologies to support 
these endeavors.   
 
Challenges: Russia lost an entire generation of aerospace engineers and technicians when 
the Soviet Union collapsed; the best and brightest looked for opportunities elsewhere, in 
areas like banking and law.  Russia is also challenged by the need to improve public support 
for space activities.  There was strong public support during Soviet times for space activities, 
and this continued to some extent even into the 1990s.  But the Russian public was 
demoralized when Mir was destroyed and support for space activities declined. 
 
Outlook: Russia remains one of the two superpowers of human space exploration today, 
but its future ability to maintain this position is by no means guaranteed.  Its capabilities are 
broad and world-class, but could diminish as the generations of scientists and engineers 
trained during the Cold War continue to retire from service.  The country’s long-term 
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demographic and health crises and its dependency on resource extraction for national wealth 
could undermine the growth and sustenance of the scientific and engineering communities 
in the country.  These outcomes are not irreversible, and it is possible that Russia’s space 
program will defy these trends and remain an island of excellence within the broader 
populace.  But it will be difficult without a new political commitment by Russian leadership 
and appropriate international support to reverse these developments.   
 
E. United States of America 
 
Institutions: NASA is the lead agency for human space exploration in the US government, 
and its field centers around the country work with private sector contractors to carry 
America’s broad set of exploration activities.  NASA’s annual budget of +$16 billion/year is 
greater than the funding for the rest of the world’s other space agencies combined.  Other 
centers of space activity within the US government include NOAA and the Department of 
Defense.  The Office of Science and Technology Policy (OSTP) provides policy oversight of 
human space exploration activities in the White House, and the Science subcommittees in 
both chambers of Congress provide legislative oversight.  The United States is also home to 
a burgeoning and ambitious independent space sector, which envisions an important role for 
autonomous private sector-led human space activities in the coming years.  This movement 
confirmed its potential with the successful launches and X-Prize victory of SpaceshipOne in 
2004. 
 
Motivations: Given the vastness of the American civilian space program, it is not surprising 
that a wide range of motivations come together to support its activities, including political 
interests, economic interests, security, science, discovery, and national identity.   These 
motivations all find their manifestations in various segments of American space activities, 
and this multiplicity of motivation leads different parts of the space community to compete 
fiercely with each other over goals and resources.   Advocates of human space exploration 
activities are often pitted against supporters of space science and unmanned probes.   
 
Plans: In January 2004, President Bush announced the new Vision for Space Exploration, 
which plots a strategy for the United States in the coming decades, punctuated by the 
establishment of a permanent settlement on the Moon and human missions to Mars.  The 
new Vision was the subject of considerable skepticism in 2004, and wariness that the new 
venture would either scuttle current plans for the ISS or take resources away from space 
science activities.  In spite of these concerns, the plan has moved forward steadily in its first 
year and received strong financial support from the US Congress for fiscal year 2005.  The 
leadership of NASA has begun to work on many of the practical challenges associated with 
carrying out the vision, reaching out to potential international partners and following many 
of the recommendations from the Aldridge Commission in areas such as private sector 
utilization.   
 
Challenges: The United States finds itself in an enviable position in the world of human 
space exploration today, in possession of the political will and many of the capabilities to 
carry out a new generation of human space activities.  However, the Columbia accident in 
2003 has paralyzed NASA’s human space activities for the last two years, and cost the 
agency billions to remedy the problems with its aging space transportation system.  The 
country’s long-term financial imbalances are a threat to government funding of space 
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activity, and a new Presidential administration in 2008 or 2012 could decide to scuttle the 
new initiative entirely.   Public support for human space exploration also rests upon a thin 
layer of support; initial public support of Bush’s announcement last year was tepid, and 
space exploration is seen by many to be a “luxury item” in comparison with priorities such 
as education and medical research.  Finally, the country’s aerospace workforce is aging and 
not being replaced at a sustainable rate.  New hurdles and restrictions on foreign student 
visas could further dilute the labor force in coming years.   
 
Outlook:  The United States is likely to remain the global leader in human space exploration 
for the foreseeable decades, and the Bush administration’s decision to set forth a new vision 
for exploration is a bold step in that direction.  However, the success of such a venture is not 
certain, and depends not only on potential technological and engineering breakthroughs, but 
more importantly on whether the United States can embed this vision within a broader 
construct of national interests, coordinate its interests with those of international partners, 
and execute it in a way that harnesses the full resources of those partners and the private 
sector.  Conversely, if the United States chooses instead to carry out this vision without 
reference to other space activities and without strong participation by international partners, 
then the probability of achieving these bold objectives is significantly reduced.   
 
F. Conclusions 
 
There is considerable new activity energizing the international space community and raising 
the prospects of galvanizing support for a common vision.   However, the challenges and 
obstacles in the road toward that future are numerous, particularly in terms of catalyzing 
technological advances, building mechanisms for governing space activities, and sustaining 
public support over what may be numerous decades.  The next three chapters of this report 
examine more closely challenges and opportunities in areas of technology, governance, and 
public support.   
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II. THE CHALLENGE OF TECHNOLOGY 
 
The development of technology is the decisive element of the story of human evolution in 
the last 50,000 years.  From the development of the first crude stone tools to the present-day 
information revolution, the human race has differentiated itself from every other known 
species by reshaping its environment and accumulating the skills to overcome adversity, 
survive and even prosper.   Over the last 300 years, since the beginning of the Industrial 
Revolution, this story has moved forward at a dizzying pace, as mankind has learned to 
harness and control energy, unlocked the atom, learned to fly, and developed the means to 
instantaneously communicate around the world.   
 
These developments laid the foundations for mankind’s conquest of space.  The successes of 
space exploration during the last half-century would not have been possible in the absence 
of critical technological breakthroughs in dozens of fields, including rocketry, medicine, 
computer science, communications, materials science, photonics, and mechanical 
engineering.  The potential success of future space exploration efforts hangs on the next 
stage of developments in these and other areas. 
 
Technology developments for human space exploration are both means and ends.  The 
advanced technologies developed by national space programs over the past fifty years have 
created spin-off products and technologies in a range of fields.  Of equal or greater 
importance have been the “soft” technology benefits from space exploration activities – the 
body of knowledge about how to design, organize, implement and manage a complex set of 
technical activities.  Space activities around the world have also been a source of inspiration 
for millions of individuals to pursue careers in science and engineering, benefiting life on this 
planet in countless ways.   
 
This section of the report focuses more on the policy context for technology issues than the 
basic technology issues themselves.  Studies of these core technology issues are numerous 
and extensive, and this report does not attempt to replicate them.  Instead, we start with a 
general outline of the technological challenges of human space exploration and focus in the 
later part of the chapter on issues at the intersection of technology and policy.   
 
A. Scenarios for Exploration 
 
Exploration is a constant journey outward to the edges of human experience and knowledge. 
Fifty years after the beginning of space exploration, we are still writing the first chapter of 
that journey.  The development of the International Space Station (ISS) has dominated 
human space exploration activities for the last twenty years, and provided a valuable 
opportunity in the last decade to conduct research in low-earth orbit and gather experience 
about how to carry out long-duration missions.  All of these activities will contribute to 
mankind’s ability to live and work in space. 
 
But the ISS is ultimately a way-station – not the final destination or goal.  More distant and 
challenging targets in our solar system – the Moon and Mars – are of interest today to major 
space-faring nations and people around the world, and not just for short duration stays, but 
eventually for permanent settlements.   
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Some people view Mars as the ultimate goal, whereas others confine their current ambitions 
to the Moon.  In either case, the development of a permanent settlement on the Moon is 
likely to be part of the critical path forward.  Its surface can be used to develop and refine 
capabilities to operate autonomously in a harsh space environment, while still being within a 
serviceable proximity to Earth.  A permanent base could become a center for scientific 
research, a launching point for further exploration, and even a commercial platform for 
potential market opportunities such as solar energy generation and the mining of Helium-3. 
 
Others advocate a direct approach to Mars, bypassing the Moon.  Missions to Mars (either 
direct or in sequence with lunar activity) would likely be short-stay scientific missions 
initially, with the establishment of a permanent base largely dependent on the conditions for 
in situ life support.  It is possible also to foresee missions to solid and potentially habitable 
moons and asteroids within the solar system. 
 
All of these activities would likely be supported by transfer stations located in space, with 
initial locations in orbit around the Moon and at the Lagrangian points between the Earth 
and the Moon.  All of these missions would be carried out using an appropriate balance of 
human and robotic missions, the latter of which would retain the primary role in the 
exploration of the outer solar system and beyond during the current century.   
 
In a very long-term perspective (out to 100 years and beyond), it is possible that futuristic 
concepts such as space colonization or beginning of terraforming of Mars could become 
reality, but their feasibility is still unknown, both for pure technological reasons and the 
reality that their promise depends on the commitments of today.   
 
B. Key Enabling Technologies  
 
The technological challenges for human space exploration are complex and diverse, and this 
report makes no attempt to provide a complete accounting of them.  This section briefly 
focuses on what we believe to be the five most important technological areas for future 
human space exploration efforts:  access to space, power and propulsion, crew health and 
safety, human habitats, and robotics. 
 
Access to Space:  Perhaps the most critical technological challenge facing the world for 
human space exploration is the question of access to space.  The most significant barrier to 
expansive and permanent settlement of space in the last thirty years has been the cost of 
access to space.  Contrary to rosy estimates from the 1960s and 1970s, the cost of access to 
space has not significantly declined over the last thirty years.  The technologies used to 
launch spacecraft have not radically changed since the Apollo Program, and numerous 
efforts to develop a next-generation launch system have either stalled or not met their 
promise.  In the United States, the Space Shuttle has become an albatross around the neck of 
the American space program, a gilded brick that was designed to be all things to all people, 
and has failed to live up to expectations – and tragically so – for that very reason.  The 
Russian Soyuz spacecraft have been reliable and cost-effective by comparison, but do not 
provide the kind of cost and performance benefits that would reshape access to space. 
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Chemical propulsion technologies provide the only means to escape the Earth’s atmosphere 
today.  It is possible that other technologies could develop in the long-term that could 
dramatically reshape and lower the cost of access to space.  Such concepts are today 
unproven, and could take decades to develop, but would transform the paradigm for access 
to space if they became feasible. 
 
Power & Propulsion:  Once spacecraft have left the Earth’s gravity well, the advantages of 
chemical propulsion dissipate, in particular for long-duration missions.  New and advanced 
power and propulsion technologies have the potential to enable faster and cheaper human 
exploration missions.  Electric propulsion systems relying on solar power have been used for 
unmanned missions such as Deep Space 1.  Such technologies are efficient but slow – 
suitable for unmanned craft and potentially for short journeys, but unlikely to be useful for 
long-duration human missions.  Electric propulsion systems using nuclear power are 
currently under development as part of NASA’s Project Prometheus, and are the basis for 
planned unmanned missions such as the Jupiter Icy Moons Orbiter (JIMO).  The solar and 
nuclear energy to be used for these systems would also provide power for spacecraft, 
enabling missions of longer duration and greater complexity due to the fact that heavy on-
board energy supplies are not required.   
 
The International Space Station relies upon solar power for much of its onboard energy, and 
future advances in solar array technology may enhance the output of energy at such bases.   
However, even if more efficient solar cells could improve their power efficiency, the reality is 
that solar energy diminishes as the distance from the sun increases.  It will be difficult to rely 
upon solar energy to power missions beyond the orbit of Mars.   
 
Crew Health & Safety:  The human body is a delicate thing to send into the vacuum of 
outer space.  Radiation poses a grave threat to human survival outside of low-earth orbit and 
the sheltered confines of the Van Allen belts, and shielding spacecraft against radiation adds 
significant bulk to the craft and cost of the mission.  Weightlessness also causes long-term 
changes to the human body, most notably irreversible bone loss.  The psychological effects 
of long-duration space missions are also uncertain; although humans have stayed for months 
on the Mir and International Space Station, these craft basked in sight of the friendly blue 
glow of the Earth below.  What happens to people during a journey to Mars, when Earth 
fades from the field of view and only the black void of deep space remains?  And looking 
further out into the future, how will people deal with the psychological effects of living in a 
settlement on the Moon or Mars?    
 
Human Habitats: Related to the question of crew health and safety is the issue of building 
sustainable human settlements in harsh environments.  Such habitats will need to be sited 
and built in a way that protects their inhabitants from solar radiation, but also facilitates the 
ability of people to conduct work and carry out other daily activities.  Space settlements will 
be closed-end systems in many dimensions, which must be largely self-sufficient in terms of 
food, water, power, health, sanitation, and construction if a settlement is to be sustainable.  
If a mission has to bring with it everything that it needs to survive for multiple years, the 
costs of carrying that much cargo are likely to be prohibitive.  Of particular importance is the 
utilization of in situ resources (to process propellant) for a return trip from a mission to 
Mars and for surface-base operations (generating oxygen, food, and fuel, among other 
necessities). 
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Robotics: The use of robotics is important not only for purely unmanned missions, but also 
as a critical supporting element in human space exploration activities.  Robotic missions 
should be utilized as a very large component of the broader architecture of the broader 
human space activity, for tasks such as reconnaissance, sample return, testing of in situ 
development tools, and infrastructure building.  It is possible and even desirable that when 
humans finally set foot on Mars, they will find robot-built settlements and/or resources 
awaiting them.   
 
C. Management of Technology and Innovation 
 
Solving each of these complex technical challenges will require hard work and enlightened 
advancement by scientists and engineers around the world, over the coming decades and 
years. 
 
Supporting this broad process of innovation is a system of decision-making, resource 
allocation, capability development, and financing, all of which operate under a set of legal 
and policy norms.  A prior study would have to be conducted in order to map the existing 
relevant legal (and policy) norms and also identify the existing obstacles and opportunities.  
This system needs to work well for innovation to flourish.  The management of this system 
requires clear goals for carrying out each of the following activities: 
 

1. Developing a technology roadmap 
2. Funding investment in research and development 
3. Balancing investments among incremental and breakthrough technologies 

 
This section of the chapter looks at each of these three issues in turn. 
 
1. Developing the technology roadmap 
 
The technologies required for human space exploration are not a set of isolated wonders, 
dreamt up by solitary geniuses and inventors.  Instead, these technologies are typically the 
product of a sustained collective effort, linked to a hierarchy of pre-determined system and 
mission architectures.   
 
A technology roadmap needs to drive the establishment and implementation of these 
architectures.  Such a roadmap should span multiple stages of development – from idea 
generation to proposal development - and should relate major milestones to key 
technologies.  Desirable characteristics of a technology roadmap include reconfigurability, 
scalability, flexibility, and continuity from one mission to the next.  It can support 
international cooperation and anchor the funding commitments of international partners in a 
single model.  The result should improve burden-sharing and decrease redundancy and 
inefficiency in cooperative ventures.   
 
The technology roadmaps should also utilize a spiral development approach to help ensure 
that unforeseen changes in the state of technology or the broader policy context do not 
suddenly render projects obsolete or unable to adjust to altered circumstances. 
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Roadmaps should also identify the opportunities for commercialization of technologies and 
their broader applications for other space applications.   A technology roadmap needs to be 
creative and to seize every opportunity to ensure the maximum return on investments in 
infrastructure for space activities.  
 
2. Funding investment in R&D 
 
Human space exploration will likely continue to be led foremost by national space agencies 
in the near future, but the private sector has an important role to play in helping to develop 
enabling technologies and the services supporting the space exploration infrastructure.  The 
development of the capabilities for space exploration includes three distinct types of activity: 
 

1. Building infrastructure 
2. Developing enabling technologies 
3. Providing supporting services 

 
Within each phase, certain high-risk and/or high-cost activities will need to be funded 
initially by governments, but at some point can and should be supported primarily by the 
private sector.   
 
Political interests can and will continue to complicate government-led investment strategies.  
For example, the European Space Agency (ESA) operates under a standard principle of “just 
return,” which effectively guarantees that member states reap returns on investments 
commensurate with their funding commitments to ESA activities.   
 
It is conceivable and even desirable that in future space exploration activities, private 
companies will move beyond their government “contractor” supporting roles to more 
entrepreneurial leadership roles in developing solutions to technical challenges.  Government 
funds will still be necessary to help catalyze private sector activity, but one could envision 
space activities becoming self-financing after a period of time.  To achieve this, however, a 
number of creative funding mechanisms, including tax incentives, monetary prizes, and new 
venture funds would need to be adopted.  Opening traditionally national space markets to 
broader international competition would force “national champion” aerospace firms to 
become more competitive. 
 
3. Balancing investments among incremental and breakthrough technologies 
 
The key technological challenges of human space exploration have been known by scientists 
and engineers since the 1960s, and efforts to overcome many of these challenges have been 
slow and incremental in the last thirty years.  Today’s core space exploration technologies 
would still be recognizable in many ways to pioneers like Korolev and von Braun.  For 
example, while countries have developed some improved chemical propulsion launch 
systems and better radiation-shielding techniques, they have not yet found new or radically 
different ways to access space or protect humans from radiation effects since the era of 
Apollo.   
 
In these and other technology areas, the promise of a “breakthrough” solution – one which 
will solve all problems and perhaps even redefine the paradigm of space exploration – looms 
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temptingly on the horizon.  A technology concept such as the space elevator, if it were 
feasible, would dramatically lower the cost of transporting material into earth orbit.  In 
addition to lowering cost, such a technology would also bring the issue of delimitation 
between ‘airspace’ (where the underlying state is sovereign) and ‘outer space’ back to the 
table for discussion.  So far, selecting a specific altitude as representing that borderline has 
not been determined.  But is a concept like this really feasible, or merely the stuff of science 
fiction?  The prospect of high-risk, high-return solutions versus lower risk, modest-return 
investments presents a dilemma for would-be funders and decision-makers.  How should 
investments be balanced among incremental technologies – which offer the prospect of slow 
and steady gains – and breakthrough technologies – which may be nothing more than a pipe 
dream in many cases, but if they were to be realized, would they provide untold benefits? 
These dueling realities create a policy decision for national space agencies and other 
investors in human space exploration activities.   
 
Balancing the research portfolio is a challenge for any technology-driven institution.  
Government agencies focused on defense, security and energy research must strike the right 
balance between incremental technologies and breakthrough technologies.  Large companies 
such as IBM and Lucent spend the majority share of their R&D dollars on near-term 
product development, but also expend billions of dollars each year on basic research.   
 
While there is no way to ensure in advance that the optimal balance is being struck between 
incremental and breakthrough R&D investments, it is possible to develop a multi-tier 
investment approach that ensures that promising investments of all types receive appropriate 
levels of funding.  For example, a nation could set up one funding entity that is responsible 
for incremental investments, and a second entity that is responsible for funding potential 
breakthrough technologies.   Splitting the responsibility between two entities will ensure that 
one type of funding is not favored at the expense of the other.  It is also conceivable within 
this framework that new funding mechanisms at the international level could be created to 
support development of breakthrough technologies.   
 
D. Technology Policy Challenges 
 
Beyond the questions of the management of technology and innovation discussed in the 
previous three sections, there are a number of key international policy issues that will have 
an impact on future technology developments for human space exploration and should be 
considered.  Four issues of priority importance are: 
 

1. Nuclear power in space 
2. Debris in Earth orbit 
3. Planetary protection 
4. Technology transfer policies 
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1. Nuclear Power in Space 
 
Unless fusion technologies or other unforeseen energy innovations become viable, future 
interplanetary missions are likely to utilize nuclear power.  Compared with the best chemical 
rockets, nuclear propulsion systems are more reliable and flexible for long-distance missions, 
and can help to lower the cost of space missions.  Nuclear power missions are also optimal 
for missions to explore the outer solar system, beyond the range where solar-electric power 
systems are effective.  Project Prometheus is a well-funded US initiative to develop these 
technologies for future missions in the solar system such as the Jupiter Icy Moons Orbiter 
(JIMO).  But the use of nuclear power for space activities is controversial all over the world 
today.  When the Cassini-Huygens mission was launched in 1997, a global hue and cry was 
raised about the mission’s use of plutonium for power generation.  In Germany today, the 
anti-nuclear Green Party is a key member of the country’s coalition government and is 
staking out an aggressive stance against nuclear power in space.  In addition, there is a UN 
Resolution being formulated which is endeavoring to establish a set of guidelines for the safe 
usage of nuclear power in space.  However, until technological alternatives are developed or 
environmental concerns can be fully addressed, this issue is unlikely to go away and thus 
must be managed if nuclear power options are to remain viable in the long-term.  
 
2. Debris in Earth orbit 
 
Debris objects are increasingly polluting near-Earth orbits. The probability of a spacecraft 
colliding with Earth-orbiting objects remains low, but is steadily increasing. To avoid a major 
increase in the amount of debris accumulating near earth, new international standards for the 
design of space systems that minimize the probability of spacecraft or satellite break-up in 
orbit should be developed.   This will have an impact on the cost of space systems in the 
near term, but may reduce the prospect of more catastrophic costs in the longer term, 
including, for example, reducing similar risks down the road around lunar orbit (or the orbits 
of other celestial bodies).  Current discussion regarding space debris centers on creating 
obligations to de-orbit or re-orbit non-functional spacecraft.  Also, there is talk of 
strengthening the liability and registration regimes to enhance their effectiveness against 
debris-generated damage, and salvage rights. 
 
3. Planetary protection 
 
Planetary protection standards are meant not only to protect celestial bodies such as the 
Moon and Mars from contamination by terrestrial biological material, but also to protect 
Earth from the risk of extra-terrestrial microbes.  When space exploration reaches the point 
where permanent settlements are established on the Moon and Mars, these protocols will 
become increasingly important, and thus, their universal application should be revisited by 
governments and the private sector.    
 
4. Technology transfer policies 
 
The last and one of the most pressing challenges in technology policy for human space 
exploration is the question of international technology transfer.  Technology development is 
more effective when there are strong vertical ties (between space agencies, companies, and 
universities) as well as strong horizontal ties (between nations).  Nations, however, may want 
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to protect their developments for reasons of competitiveness, intellectual property, and 
security.  Today, there are numerous barriers to horizontal cooperation in space technology.  
Rivalry between the United States and Europe in the defense and commercial aviation 
markets has a secondary effect of hindering transatlantic aerospace cooperation for space 
exploration activities.  The ITAR regulations promulgated and enforced by the United States 
government are intended to block the transfer of sensitive technologies to rogue nations and 
other potential aggressors or adversaries.  But the ITAR rules are so broad in their 
definitions of sensitive technology and ineffectively administered, they serve to deter 
international cooperation on human space exploration activities.  For the international 
community to join in a broad-based research and technology development program, these 
types of horizontal barriers would need to be reviewed and where possible, revamped.   
 
E. RECOMMENDATIONS 
 
The technological challenges facing the world’s space activities are diverse and complex, and 
in certain cases perhaps even insurmountable.  The critical precondition for solving these 
challenges, however, is a commitment to sustained and competitively-sourced government 
R&D funding in countries around the world.  But there are also a number of other near-
term and practical initiatives that should be contemplated to further catalyze and support 
these efforts.   
 

 RECOMMENDATION: Charter a new Global Venture Fund for Space 
Exploration.  There are countless ideas found scattered throughout the private 
sector and the scientific community that might contribute, in a significant way, 
toward the development of a future human space exploration architecture.  And 
there are millions of individuals around the world who would like to see the 
expansive development of space exploration, but have no direct means to support 
this work.  A Global Venture Fund for Space Exploration could solve both of these 
needs, and solicit funds from national governments, the private sector, and 
individuals to invest in breakthrough research that can contribute to the 
development of human space exploration. 

 
 RECOMMENDATION:  Establish an International Prize for Space 

Exploration. The space exploration community currently lacks a means to reward 
and provide incentives to those who have made the greatest contribution to space 
exploration activities, at the stature of the Nobel Prizes for Chemistry, Physics, and 
Medicine.  A new International Prize for Space Exploration that would reward 
excellence in science, engineering, or other activities that significantly advance the 
future of human space exploration. 
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III. GOVERNING SPACE EXPLORATION 
 
The technological questions about space exploration, discussed in the last chapter, are 
complex and in many cases difficult, but they are ultimately governed by the laws of physics 
and the realities of molecular biology.  Answering the great technological questions of space 
involves understanding and harnessing knowable physical realities.   By contrast, the forces 
that govern decision-making, management and administration in space exploration are 
guided by abstract and indeterminate realities of governance – of personal motivation, social 
interaction, national interest and organizational behavior.   
 
This chapter focuses on the challenges of governance, which have been as problematic for 
the world’s space powers over the past thirty years as any single technological challenge.  If 
collaborative human space exploration is to move forward, new, creative and durable models 
of governance need to be developed. 
 
A. General Governance: Leadership and Institutional Design 
 
The core governance question for future human space exploration activities is the question 
of who should lead.  For the past fifty years, space exploration has been primarily a national 
endeavor.  The United States and the Soviet Union guided their space exploration efforts 
during the Cold War as a tool of superpower rivalry.  Japan, Canada and the nations of 
Europe developed space programs during the 1970s, and countries such as Brazil, China, 
and India have followed since.  The primary exception to this reality is the European Space 
Agency (ESA); but its development as an international agency has proceeded in parallel with 
the economic and political integration of Europe via the European Union, and many of its 
members still maintain independent space capabilities that do not fall under the auspices of 
ESA.  The United Nations (via its Office of Outer Space Affairs) and other international 
organizations have played a very limited role in the leadership of space activities on a global 
basis to date. 
 
This is the reality of the world today, but there is no reason to assume that it is ideal for the 
future governance of space activities.  There are a number of actors who independently – or 
in concert with one another – could take on a leadership role in guiding the world’s future 
space exploration endeavors.  These actors include: 
 

• Nation-states;  
• International organizations (composed of member nations); 
• Supranational (or supra-terrestrial) organizations (above nation-states, and not 

dependent upon any nationally-organized structure); 
• Private sector companies; 
• Non-governmental organizations (NGOs); 
• Private individuals or partnerships; 

 
Throughout history, each of these actors has played a role in the pursuit of exploration. 
Consider the example of the European discovery and settlement of the Americas.  Nations 
such as Spain, England, France and Portugal led the way, but were followed close behind by 
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merchant trading companies, exploration societies, religious missionaries, dissidents, and 
rogue individuals, each of which pushed the frontiers of discovery and settlement in the 
New World.  These diverse groups were acting in a dispersed and disconnected world, and 
the development of governance took more than three centuries to fully develop, culminating 
with the independence of Canada, Mexico, and the countries of South America in the 19th 
century. 
 
Four areas of governance – international cooperation, cooperation between the public and 
private sector, the legal framework for space exploration, and civil-military relations – 
deserve special consideration. 
 
B. International Cooperation 
 
International cooperation can both hinder and facilitate space exploration.  It can add 
bureaucracy and create new risks that missions will be delayed or that costs will escalate.  But 
cooperation, if effective, can reduce the cost-burden to any one nation, cast a wider net of 
technical expertise and ideas, and promote national strategic objectives beyond purely 
technical objectives.   In this section of the report we consider the record of international 
cooperation, examine the general rationales for international cooperation and look at key 
challenges associated with implementing international cooperative activities. 
 
a. International Cooperation in Historical Context 
 
International cooperation in human space exploration activities began at a significant level in 
the early 1970s.  The Apollo-Soyuz rendezvous mission served as an important symbol of 
superpower cooperation amidst the Cold War.  The American and Soviet space programs 
both invited allied nations to participate in their human spaceflight programs in the 1970s 
and 1980s, and dozens of countries on both sides of the Iron Curtain put their first 
astronaut or cosmonaut in space as a result.  The emerging European and Japanese space 
programs in the 1970s chose a path of autonomy in many areas for reasons of industrial 
development, but also initiated cooperative scientific exchanges with NASA. 
 
The decision to develop the Space Station Freedom was the first large-scale effort to expand 
international cooperation among human space exploration programs.  The United States, 
Europe, Japan and Canada were the initial partners in this venture; Russia and Brazil joined 
the partnership in the 1990s.  The renamed International Space Station (ISS) built over the 
last decade is the result of these cooperative activities.   
 
International cooperation on the ISS has had its share of successes, but has often been a 
problematic and difficult experience.  From a scientist-to-scientist or engineer-to-engineer 
perspective, the experience has been generally favorable, as people living both on the Station 
and working on the ground in Houston, Korolev City, Noordwijk, and Tsukuba have 
learned to overcome language, cultural and in some cases political differences to work side-
by-side on the project’s key technical and operational challenges.  But at the organizational 
and political levels, cooperation has often been challenging, and issues of leadership, 
mission, cost-sharing, returns on investment, and technology transfer have hindered the 
broader performance of the ISS, which is now years behind schedule and has had cost 
overruns in the billions of dollars. 
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The experience of the ISS serves as both a foundation and a cautionary tale for future 
human space exploration activities.  On a working level, relationships built out of ISS 
activities will serve as the basis for future cooperation.  But unless the lessons of this 
experience are learned and absorbed, the risk is high that the same organizational challenges 
faced with ISS will continue to occur.     
 
In addition, new cooperative activities in human space exploration are likely to involve a 
wider range of partners than the ISS.  China became a new entrant in the human spaceflight 
club in 2003.  India’s space program is rapidly developing and has amassed advanced and 
often low-cost capabilities.  A broad set of additional countries, large and small, will be 
interested in participating in new ventures.  New models of international cooperation must 
accommodate these shifting realities, not merely improve in line with the political realities of 
the past.   
 
b. Rationales for International Cooperation 
 
At the top level, the four most important rationales for international cooperation are cost-
sharing, risk-spreading, technology-sharing, and political interests. 
 
Cost-sharing: The most obvious rationale for international cooperation is cost-sharing.  
Human space exploration activities are expensive, and the participation of multiple nations 
and space agencies can pool resources in pursuit of a common goal.  Cost-sharing also 
includes efforts to take advantage of differences in labor and material costs across countries, 
and find efficient utilization of nations’ assets and resource bases.   
 
These cost-sharing benefits are often constrained in practice, due to countries’ decisions to 
make project allocation decisions based on political rather than economic imperatives, and 
due to the offsetting costs of additional transaction or project risk costs that arise from 
international cooperation. 
 
Risk-spreading: Space exploration is inherently a risky activity – one in which the element 
of risk can be managed and mitigated but never eliminated.  As a result, systems and 
missions for human space exploration are designed to eliminate single points of failure.  
International cooperation can be used to create duplicative capabilities that ensure that such 
failure in one area is unlikely to jeopardize the entire mission or project.  Risk-spreading 
naturally runs counter to the objective of cost-sharing, but it is an important system 
objective for exploration activities.  The most obvious example of this today is the 
International Space Station’s reliance on the Space Shuttle and the Soyuz for transporting 
humans to and from the station.  The ISS has still been able to function since the Columbia 
accident and the grounding of the shuttle, due to the program’s ability to continue to rely on 
the Soyuz.   
 
Technology-sharing:  No single country or region has a monopoly on the ideas or 
technical capabilities to bring humans to live and work safely in space.  Space-faring nations 
possess varying levels of expertise on the key technical challenges for human space 
exploration.  While the United States, Russia, and perhaps an emerging China have 
developed a broad portfolio of technological capabilities, Europe, Japan, and Canada have 
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chosen to direct their resources and capabilities towards niche areas of expertise.  
International cooperation allows a project to tap these unique capabilities and utilize the best 
resources available, regardless of national origin.  It also affords countries with fewer 
resources or less technical capacity to develop specialized expertise that can contribute high 
quality, but more narrowly-focused capabilities to large complex problems.  Canada’s 
decision to invest its technological resources in robotics is one of the best examples of a 
country that has chosen this path. 
 
Political Interests:  International cooperation is often pursued as an end in itself – not 
simply as a means to improve efficiency or lower costs.  A country’s strategic interests may 
provide the primary motivation for engaging partner nations in cooperative space ventures – 
and serve to bolster its national image, expand international ties, build strategic alliances, or 
increase the legitimacy of a project by broadening stakeholders beyond domestic interests 
(for a broader discussion of this subject, see Chapter IV).    
 
c. Key Challenges of International Cooperation 
 
There are a number of elements required for building a successful international regime for 
space cooperation.  They include:  
 

• Creating an effective organizational structure 
• Aligning financial incentives and national interests  
• Sustaining long-term participation 
• Managing external stakeholders 
• Managing the risks of technology-sharing 
• Communicating effectively across cultures 

 
1. Creating an effective organizational structure.  The first task of any international 
cooperation venture is to create a structure for project leadership and decision-making.  
Without effective leadership, any project is likely to suffer from confusion and paralysis.  A 
model must be found that gives participating nations an adequate and appropriate voice on 
important decisions, but can quickly resolve such issues and move the project forward.  
 
There are a number of potential models for such an organizational structure, including: 
 

• Ad hoc model: relying on intergovernmental consultation and legal agreements, 
with no established forum and informal consultation. 

• Lead agency model: leadership of the venture divided among participating nations 
by various discrete functions (e.g. launch systems, crew vehicles & life support 
systems, policy, finance), and/or rotation of general leadership, similar to the way 
that the European Union rotates its presidency on a semi-annual basis. 

• New organization model: establishing a new organization with employees from all 
of the member nations that is theoretically fire-walled from political considerations 
and serves as an independent project manager. 
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None of these models is inherently better than another; the effectiveness of any model 
depends upon the circumstances in which it used and the way in which it is brought into 
practice.   
 
2. Aligning financial incentives and national interests.  In any instance of international 
cooperation, some countries will be tempted to free-ride on the investments of others, by 
decreasing their contributions but expecting still to receive the same benefits of 
participation.  These incentives can spiral out of control as countries observe the activities of 
others and create a cycle of under-investment in a project. 
 
An appropriate model must be developed in any project to ensure that countries make 
investments according to their optimal interests, and not at a suboptimal level resulting from 
downward strategic bargaining. 
 
Possible means to overcome this challenge include: 
 

• Weighted voting for key decisions.  Decision-making in a project can be 
weighted based upon contribution, in a manner similar to the governance structures 
for the World Bank and International Monetary Fund (IMF).  This could encourage 
countries to increase investments if they desire to have a strong voice in the 
organization of a given project.  In cases where a single country is likely to have a 
“majority interest” in a given project, this might not work, as the relative size of a 
minority share is unlikely to change outcomes.  This could be overcome by 
protecting certain types of minority voting rights (similar to the EU voting 
structure).  

 
• Built-in ROI mechanisms.   A project’s financial control system can have built-in 

methods to track countries’ contributions to a project and its direct economic 
benefits from it, and ensure that these two sides of the ledger are kept in relative 
balance.  This will remove the free-rider incentive and make it easier for countries 
to justify their investments in space exploration activities.  

 
However, this approach has two key drawbacks.  First, it shifts a project’s 
investment decisions away from optimal efficiency (utilizing each country’s 
comparative advantages) toward a model where the first imperative is to ensure that 
each nation, regardless of cost factors, gets its fair distribution of work.  Second, 
many of the benefits of a project are difficult to quantify, and insisting upon a strict 
ROI metric will lead countries to under-invest in projects that lack pragmatic and 
near-term economic returns.  This will specifically impact basic research projects. 
 
 

3. Sustaining long-term participation.  A third key design element of international 
cooperation is finding ways to ensure that countries maintain commitments over the full 
duration of a project.  This is particularly important in human space exploration, where a 
single project may last up to thirty or more years, outliving numerous changes in national 
leadership, persisting through periods of cultural or generational change, and surviving 
moments of national crisis.   
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International projects need to be structured de novo in ways that create incentives for 
sustained participation and ensure that a program can survive the loss of any single 
participant.  Possible ways to ensure project sustainability include: 
 

• Creating national or international funding mechanisms that are not dependent upon 
annual legislative cycles.  The civilian space program in the United States is subject to 
annual appropriations from Congress, putting the viability of key projects at risk year 
after year.  Other major space programs have longer funding cycles, but are still 
ultimately subject to national legislative whims.  This reality is unlikely to change 
substantially in the near-term, but countries should explore mechanisms that will 
make space exploration self-financing and/or “walled off” from broader, national 
budgets, similar to the way that highway and transit funding in the United States 
comes from a single, dedicated gasoline tax.  

 
• Building redundancy into the system architecture.  This increases costs but protects 

any project against the risks of failure or the withdrawal of a key participant.   
 
4. Managing external stakeholders.  While national governments may play a dominant 
role in developing the roadmap for space exploration, a number of additional stakeholders 
including private corporations, industry associations, advocacy groups, labor representatives, 
entrepreneurs, and academic institutions make vital contributions to shaping and building 
the policy framework and technical infrastructure that facilitates human space exploration.  
These actors should have a role in any management regime that would guide large-scale 
cooperation among nations.  What type and level of participation must be determined?  
Furthermore, the way in which non-national stakeholders are included in the oversight, 
decision-making and administration of a global space effort will have implications for the 
success of any project.  A number of approaches to managing the involvement of 
stakeholders could be contemplated: 
 

• Organized at national level: At present, external stakeholders are by-and-large 
domestic organizations, working with their national space agencies but lacking strong 
international ties.  If national space agencies remain the lead actors in future 
international cooperative efforts, this model is likely to persist. 

 
• Organized internationally by interest:  Another potential way to involve external 

stakeholders is to encourage them to work internationally and develop common 
perspectives and recommendations on critical mission issues.  For example, the 
National Academy of Sciences (US), Chinese Academy of Sciences, Russian 
Academy of Sciences, and others could all work together to develop a common 
perspective on the key scientific imperatives for the human exploration of Mars.  
Leading aerospace firms from around the world could work together to organize and 
execute the private sector-led segments of the missions. 

 
• Participating in project leadership: A third and more radical model for involving 

non-governmental stakeholders is giving them a seat at the table in the leadership of 
a project, most likely in a consultative role initially but perhaps with real authority in 
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the distant future.  Numerous major international organizations such as the World 
Trade Organization and World Bank have opened their doors to NGO participation 
in recent years, and these organizations have played a leading role in United Nations 
summits in the past decade.  There are risks associated with bringing external 
stakeholders to table, notably the fact that they often have narrow agendas and are 
not accountable to the body politic, but these are known risks and can be 
appropriately managed. 

 
5. Managing the risks of technology-sharing.  A fifth important element of international 
cooperation is finding ways to get countries to contribute their best technologies to a 
venture, in a way that ensures that they will not lose control over valuable technological 
knowledge and sensitive intellectual property.   If countries do not have such assurances, 
they are likely to hold back critical technologies and in the long run, have disincentives to 
invest in them or in some cases, pursue an inefficient path of autonomy.   
 
There are a number of approaches to consider for managing the risk of technology-sharing.  
One possibility is a legal approach: creating detailed accounts of all partners’ contributions 
and stipulating careful legal terms on the use of technologies and the economic returns to all 
partners.  A second more technical approach would rely on modular systems built by 
different nations, where each node would be built as a “black box” to project partner – 
partners could interface to the module, without knowledge of its specific inner workings.  A 
third approach is structural: creating a new and independent project management office to 
lead the initiative.  This office would be independent and sealed off from national space 
agencies, decreasing the risk of unwarranted technology transfer.  Finally, in cases where 
countries are close allies, it might be possible to develop agreements where a group of 
countries form a customs union-like entity for technology sharing, and are allowed to 
collaborate and required to share the fruits of their research with each other. 
 
None of these approaches is inherently better than another; all are flawed in some way, and 
involve trade-offs with broader objectives of project performance and efficiency.  Any real 
solution to these issues is a function of longer-term trust-building among nations, 
established year-by-year over the course of multiple projects. 
 
6. Communicating effectively across cultures.  The sixth challenge of international 
cooperation is cross-cultural communication.  People from different nations and diverse 
cultures conduct business in often very different ways, a reality that is obvious but 
nevertheless can and often does significantly confound foreign interactions.  The possibility 
of such miscommunication is especially great in operating environments where it is difficult 
to foresee and plan for every contingency, such as cooperative space exploration activities 
where countries invest significantly toward difficult and risky objectives.  In these cases, 
there runs the risk of miscommunication and therefore there is need for frequent dialogue 
and negotiation.   
 
Such issues can be addressed by making project teams international in composition to the 
lowest operational level, making it more difficult for an “us vs. them” mentality to emerge.  
They can be addressed by structuring individuals’ career and financial incentives in a way 
that encourages them to look at issues from the perspective of the project rather than 
longer-term career interests back in a national agency or corporation.  They can be addressed 
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by exercising two cultural traits which find favor everywhere: humility and a willingness to 
listen openly to the concerns of others. 
 

 RECOMMENDATION: Create a new International Space Governance 
Forum, which can serve as a focus for leadership on policy and governance issues.  
The Forum could:  

 
• Analyze exploration and policy proposals from a global perspective, independent 

of any national or private interests; 
• Share best practices across borders and putting forward broad and eclectic 

models that can guide future international initiatives; 
• Facilitate linkages on international cooperative projects; 
• Engage the space community on in-depth professional discussion of technical 

matters and mechanisms for international cooperation; 
• Conduct independent evaluation of roadmaps and technology concepts. 

 
The Forum could be created at an existing institution such as the OECD or United 
Nations, or could be established as part of another appropriate organization.    

 
C. The Public-Private Sector Relationship 
 
A second key challenge facing the space exploration community relates to the role of the 
private sector in exploration activities, and the effectiveness of its interactions with 
government agencies.  It is also important that a certain amount of competition is retained 
between large and small organizations (from both public and private sectors) on a world 
wide basis, in order to spur innovation.  The people who work at and lead space exploration 
activities in the public and private sectors have common visions and dreams, but these 
visions often run smack into the realities of institutional interests – the desire for authority 
and control in the public sector, and the (often short-term) profit motives in the private 
sector.  The result is the current reality in many of the key spacefaring nations today: 
minimal risk-taking in the private sector for exploration activities, and reluctance among 
some governments to unleash those in the private sector who would choose to move 
beyond the current “contractor” model.  
 
For any major space exploration initiative to succeed in the coming decades the private 
sector must move beyond this “contractor” role and mentality – and governments must 
facilitate this transition.  Governments will likely still have the predominant role in space 
exploration activities, but private sector companies will be able to act in accordance with the 
sometimes bold (or irrational) wishes of their CEOs and shareholders, and not be 
constrained by the vagaries of public sector funding.   
 
A number of changes in the public/private sector relationship could facilitate this shift: 
 

1. National and international legal structures need to adapt to a model that does not 
hinder or prohibit private sector-led activity in space.  One of the most significant 
hindrances faced by the competitors in the X-Prize was getting the launch authority 
from the Federal Aviation Administration (FAA) to undertake suborbital flights.  
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There are valid safety reasons for this licensing process and other similar regulatory 
hurdles, but they need to become efficient and transparent in coming years 

 
2. New funding mechanisms – not government-led or wholly government-funded – 

need to be developed to overcome some of the market inefficiencies in space 
exploration activities today.   
 
Within the broader general public around the world, there are millions of individuals 
who are avid in their interest in space exploration.  A sizeable percentage of this 
group has discretionary income, but no means to do anything about it, beyond 
paying annual dues to a space advocacy group or buying a box set of Star Trek 
DVDs.  At the same time, there are thousands of intriguing concepts and 
technologies under development or in the minds of scientists and engineers around 
the world, many of which will be duds, but some of which have the potential to 
become critical enabling technologies for future space exploration activities, or will 
result in other improvements here on Earth. 
 
At present, there is no effective global intermediary that can overcome this market 
inefficiency.  National space agencies and large companies devote a small proportion 
of their R&D dollars to breakthrough concepts each year, but these investment 
decisions are made in a centralized process and are driven by national agendas.  The 
process of funding innovation needs to become a global activity, however, similar to 
the development of Silicon Valley in the past fifty years, which was led not only by 
Americans but also in recent decades by engineers and business leaders from China, 
Europe, India, and Russia, among other places – and all funded by venture capital 
sourced from the entire world.  Space exploration needs a similar mode of global 
market intermediation.   

 
D. Legal Issues 
 
In the past forty years, a vast set of national laws and international treaties have coalesced to 
form the body of space law today.  A large share of this patchwork of legal doctrine is clear-
sighted and non-controversial; however, certain elements of space law today reflect the 
concerns and interests of a different era – a time when the expansive exploration of space 
appeared to be inevitable, and the resulting legal imperative was to regulate and control 
space activities.  Given the realities of human space exploration today, such motives have 
become outmoded; what is required instead today is a legal framework that can enable and 
motivate human space activities. 
 
The core of international space law related to human space exploration was developed in the 
1960s, centered on the Outer Space Treaty of 1967.  The Outer Space Treaty states that: 
 
“The exploration and use of outer space, including the moon and other celestial bodies, shall 
be carried out for the benefit and in the interests of all countries, irrespective of their degree 
of economic or scientific development, and shall be the province of all mankind. 
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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 co-operation in 
such investigation.” 
 
In article II, it is stated that: 
 
“Outer space, including the moon and other celestial bodies, is not subject to national 
appropriation by claim of sovereignty, by means of use or occupation, or by any other 
means.” 
 
This latter article is widely interpreted to proscribe commercial activity on the Moon or other 
celestial bodies.  It is also worthy to note that this is at best, an argument which has been 
brought forward by some private circles who would like to use the aforementioned article as 
an icebreaker in order to bring in the possibility of private ownership over the ‘territory’ of 
outer space.  It is argued that without the possibility of private ownership they cannot 
commercially become active; however, most experts do not consider this to be true.  Take, 
for example, the high seas which are considered as ‘no man’s land’ (a global commons’ and 
yet this has neither prevented exploitation from its natural resources (fish) nor its being used 
for other commercial purposes (shipping and leisures).  The Moon Treaty of 1979 (which 
has been ratified by only a small handful of countries and none of the major space powers) 
reiterated this sentiment and expanded upon it, noting the need for an “equitable sharing by 
all States Parties in the benefits derived from those resources.” 
 
The ideas expressed in the Outer Space Treaty and Moon Treaty about the shared 
sovereignty of the Moon are important, and necessary to ensure that exploration activity 
moves forward consistent with established standards of planetary protection.  But they are 
not “settled law,” and need to be interpreted in a way that protects these rights but also 
facilitates national objectives and in the future, private sector objectives, to pursue space 
exploration and related commercialization activities.  There are a range of potential 
commercial activities in space, such as the mining of Helium-3 on the Moon or rare metals 
on asteroids or space-based solar power systems, which might deliver benefits to life on 
Earth and simultaneously sustain broader settlement and exploration activities.  But the 
private sector will not move forward in pursuit of risky ventures if the international legal 
regime is uncertain and the possibility of expropriation or divestment is high.  The nations of 
the world – both developed and developing – need to revisit these principles, and ensure 
that private sector-led space exploration ventures have legal room to make investments and 
develop businesses.  This can be done in a way that fuels the profit motive and moves 
exploration forward, and at the same time preserves developing countries’ claim on a share 
of this ‘common heritage of mankind’, perhaps via a licensing regime.    
 
There are also important legal questions that need to be considered related to low-earth orbit 
human space activity led by the private sector, in areas such as space tourism.   In the United 
States, the Commercial Space Launch Amendments Act of 2004 helped to clarify the 
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regulatory framework for private sector suborbital manned launches, but in many other 
countries around the world this framework is limiting or uncertain.   
 
Taking a longer-term perspective, there are many legal questions related to human space 
exploration and settlement that the current framework does not address.   For example, 
some advocates of space settlement propose terraforming a planet such as Mars to make it 
habitable for humans.  If such technology is feasible and the goals become legitimate and 
desirable, does there need to be law that will enable its utilization?  Or once settlements are 
established on the Moon or Mars, should the inhabitants of such outposts in space have 
sovereign rights?  These kinds of questions may seem far-fetched or preposterous today, but 
the legal construct for space exploration will need to advance in the future to accommodate 
shifting realities and norms. 
 
E. Civil-Military Relations and the Weaponization of Space 
 
One final governance-related challenge needs to be discussed in this chapter: the question of 
civil-military relations and the weaponization of space.  It is a topic that is significant and 
complex, and this brief overview does not do it justice.  Nevertheless, it needs to be 
mentioned in any comprehensive assessment of the future of human space exploration, 
because of the intersections between the two types of space activities.  The weaponization of 
space, mainly in low Earth orbit, creates tangible risks to human space exploration, such as 
the possibility that conflicts in space could create debris fields that would make space 
exploration more dangerous.  Even today, once in a while, both the ISS and the shuttle have 
had to avoid orbital debris.  More importantly, space debris poses a threat to the broader 
sense of purpose within the space community, and an ethical challenge to the well-
established idea of space as a domain of peace.  Political leaders around the world must 
make decisions about their priorities for mankind’s utilization of space that take these 
concerns into account. 
 
The weaponization of space has been an option since the early days of the Space Age; but 
only recently has it become close to reality and visible.  The U.S. Department of Defense, 
following the strategy of a Commission led by Donald Rumsfeld in 2000, prior to his 
assuming  leadership of the Department, views space as the ultimate “high ground,” and a 
battlespace that needs to be “dominated” and “controlled.”  The use of space assets for 
military and intelligence purposes has been essential for the conduct of war since the 1980s, 
but to date these systems and technologies are only enablers for land-based weapon systems 
– not platforms for actual weapons.  But today there is support for the development of 
space weapons at the highest levels of the Department of Defense and U.S. Air Force.  
China is allegedly developing anti-satellite weapons in response to its perception of an 
American threat, and in an escalating security dilemma, the United States is justifying 
additional activities in response to this Chinese threat.  Although other countries have shied 
away from space weaponization, countries such as Russia, Europe, Japan, and India all have 
some degree of military-related space activities, and could enhance their capabilities with 
modest levels of investment if the security environment demanded it.   
 
All of these activities move the world closer to a conflict in space – one that could have 
devastating consequences for the future of human space exploration.  If an anti-satellite 
weapon were to blow up a satellite in earth orbit, the resulting debris field could pose a 
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threat to the International Space Station and other spacecraft in earth orbit.  The global 
“commons” above our planet will have been spoiled for thousands of years, and this 
outcome will be reversible only at an unrealistic cost or years of wait.   
 
Space weaponization also makes it difficult, if not impossible, for countries to cooperate on 
peaceful space activities.  It is hard to imagine that two countries could cooperate on an 
exploration project at the same time that they have space-based weapons pointed at each 
other.  This enmity would also affect neutral countries, who would be forced to ‘choose 
sides’ in partnerships for large projects. 
 
These tradeoffs between space weaponization and exploration cannot be ignored or wished 
away.  Perhaps the benefits of space weaponization outweigh the potential costs to space 
exploration in a given country’s assessment of national interests, and it will decide to pursue 
space weapons as a result.  But at present that discussion is not taking place, in the United 
States or any other country.  As a result the world could find itself in a place in the not-too-
distant future where all of mankind’s ventures skyward find themselves the accidental victim 
of this escalation.  This is a situation that the space exploration community in all countries 
needs to work actively to prevent in the coming years and decades, if it wants to see the 
journey continued. 
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IV. MOTIVATIONS FOR EXPLORATION AND PUBLIC SUPPORT 
 
A third significant set of challenges for space exploration fall under the category of public 
support.  All of the discussions in the previous two sections are academic without public 
support for space exploration activity, for reasons of both practicality and legitimacy.  
 
Public support for space exploration activities has been an uncertain creature in recent 
decades – fervent at times of triumph, angry and chastening for episodes of failure, and too 
often indifferent in the absence of “historic” activity.  It shifts frequently not only in its 
intensity but also in its variety and shape, inveighing for certain types of space activity at one 
moment in time and others at different times.   
 
As a result, public support for space exploration is often misunderstood within the space 
community, and sometimes misused by advocates or opponents of certain types of space 
activities.  It is seen too often as a “public relations” problem that can be outsourced to 
pollsters and marketing professionals – when in reality the issue is central to the future of 
human space exploration, and requires direct and deep engagement by the technical and 
political leadership of the global space community. 
 
The question of public support needs to also be differentiated between mass public opinion 
and the opinion of key constituent groups – in particular, political leaders and the young 
people around the world who will comprise the next generation of space explorers.   
 
This chapter begins with an examination of the motivations for human space exploration, 
considering the multiple and interwoven interests and desires that create the foundation for 
public support around the world.  It then looks at the question of general public opinion 
toward human space exploration activities, examines the state of the relationship between 
political leadership and public opinion in space policy, and concludes with a brief overview 
of what is being done and what can be done to inspire the next generation of space pioneers.   
 
A. Motivations for Human Space Exploration 
 
The motivations for human space exploration have their roots in the primitive consciousness 
of mankind – the urge to explore, the desire for flight, the sense of wonder at the night sky 
above.  Many of the great civilizations in human history – including Egypt, Greece, China, 
and the Aztec and Incan empires – have expressed this interest by studying the skies and 
building astronomical edifices and monuments.  But only in the past century, following the 
innovations in rocketry of Goddard and Tsiolkovsky, among others, has this vision 
approached reality.   
 
During the early years of human space exploration, activities were motivated primarily by the 
Cold War rivalry between the United States and the Soviet Union, as a means for both 
nations to project technological and ideological power and leadership to the other nations of 
the world, and also (less explicitly) as a means to demilitarize this conflict, and shift this 
superpower rivalry away from destruction to the realm of science and discovery. 
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Since the end of the Cold War, these motivations have waned, and both nations and the 
other spacefaring nations around the world have struggled to motivate and sustain interest in 
human space exploration.  A panoply of interests are cited today as reasons why humans 
should explore space, each applying to different interests and segments of public opinion, in 
an attempt to craft and hold together a viable coalition that will support exploration 
activities.  The seven top-level motivations for human space exploration activities that we 
have identified are: 
 

1. National identity 
2. Political interests 
3. Security interests 
4. Economic and commercial interests 
5. Science 
6. Discovery 
7. Survival 

 
These motivations overlap in their scope and definitions, and are interpreted in various 
manners by different people and countries.  In the paragraphs below, we provide a more 
detailed definition for each motivation and discuss their inter-relationships.   
 
1. National Identity 
 
Space exploration is both a statement and a tool of national identity.  During the Cold War, 
both the United States and the Soviet Union tried to use space exploration in service of 
national identity, as a means of “keeping score” in this proxy conflict.  For arriviste powers, 
the development of space assets has served notice of a new entrant on the world stage.  Such 
expressions of national identity have both global and domestic audiences – intended not 
only to serve notice to the rest of the world, but also to harness national pride and fervor in 
the service of broader national aims.  Following this motivation, space exploration essentially 
serves the same role as hosting the Olympic Games or the World Cup – a sign that the 
nation is important on the world stage.   
 
2. Political Interests 
 
Apart from the more abstract notion of national identity, countries are motivated by a 
number of concrete political interests when deciding to explore space, many of which have 
nothing to do with space exploration.  This is space exploration in the service of foreign 
policy.  Both the United States and the Soviet Union opened their space programs to 
astronauts from allied or nonaligned countries during the Cold War and after, as a way to 
fortify ties with such nations.  After the Cold War, Russia entered into the ISS program 
largely at the behest of the United States, which was motivated not only by Russian expertise 
in space station technology, but also to reduce the risk that unemployed Russian scientists 
with expertise in missile technology might have incentives to share their knowledge with 
rogue states and other malevolent global actors.  Today, China is using the Asia-Pacific 
Space Cooperation Organization (APSCO) as a diplomatic tool in its relationships with other 
Asian countries and trying to strengthen its sphere of influence in the region.  
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3. Security Interests 
 
Security interests were an important driver of space exploration activities during the Cold 
War in both the Soviet Union and the United States.  The technologies that could be used to 
send a man into space could also be used to deliver a nuclear missile to the other side of the 
world, or allow countries to spy on each other from a bird’s eye perch in space.  These 
interests were rarely if ever cited by political leaders when discussing the countries’ human 
space exploration programs, but they were certainly important in their thinking.  Also, by 
inspiring a generation to become aerospace engineers, the human capital base for defense-
related R&D was significantly enhanced. 
 
Security interests have become a broader concern for space powers in the last decade.  Wars 
in the Persian Gulf and southeastern Europe in the past fifteen years have demonstrated the 
importance of space assets today for coordinating and executing the conduct of war.   
Concern about American dominance of military space assets has led Europe to develop 
Galileo and Japan to develop its Information-Gathering Satellite (IGS) system.   
 
Government investment in human space exploration is less likely to lead to security benefits 
today than during the Cold War, because of the increasing gap between exploration 
technology (driven by distance, endurance and survivability) and military space technology 
(driven by miniaturization and precision).   
 
4. Economic Interests 
 
Another set of motivations for space exploration are economic – both tangible and 
intangible.  Since the beginning of the age of space exploration, the future economic 
potential of space has always had a powerful visionary hold, but has failed so far to be 
matched by reality.  To date, space has offered commercial opportunities only after 
government has developed the technology base, and in some cases also the asset base.   
 
Many people believe that a new generation of space generation activities could provide the 
stimulus to create new industries in space.  Examples of potential breakthrough industries 
include energy generation and transmission; mining of helium-3 on the Moon; and space 
tourism.  Whether such industries might actually take root is open to debate, and will be 
difficult to achieve without a solution to key technological challenges such as the cost of 
access to space and the dangers of deep-space radiation on human health.   
 
Nations also have indirect economic motivations to explore space.  Investments in research 
and development for space-related technologies and systems have spin-off benefits.  The 
experience of space exploration has historically inspired greater numbers of people to pursue 
careers in science and engineering broadly, in fields such as microelectronics and biological 
research.  The contributions to society from scientific and technological developments in the 
last fifty years are responsible for a large share – if not the majority – of wealth-creation in 
the world during that time period, and the imaginative hold of space exploration can take 
some of the credit for this.   
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5. Science 
 
The pursuit of purely scientific interests is another motivation for space exploration.  What 
is the history and portended future for the planet Earth, the solar system, the galaxy, the 
universe?  Where did life on Earth originally come from: the ammonia cocktail of the 
primeval planet Earth, or via a transmission from a foreign planet such as Mars, as some 
have hypothesized?  Is there life elsewhere in the universe, and perhaps even in our solar 
system?   These questions are among the most alluring mysteries in science today, but 
mankind has made amazing progress toward answering them in the past 100 years due to 
advances in telescopes, unmanned missions to the far reaches of the solar system, and 
human missions to the Moon and earth orbit. 
 
Scientific motivations often come into conflict with other interests and motives in space 
exploration today, and there is considerable uneasiness or antipathy about human space 
exploration activities among certain segments of the scientific community, and the belief that 
robotic exploration and astronomical observation are more cost-effective at solving scientific 
mysteries than human space exploration.  This is true in many respects, but there are certain 
things that can only be done in space by humans.  And this perspective takes a short-term 
view of scientific inquiry, not acknowledging the fact that future developments in human 
space exploration capabilities could provide the foundations for the next generation of 
scientific discoveries.   
 
6. Discovery 
 
Another motivation for space exploration is discovery – the primal and instinctive drive to 
seek out and explore the unknown.   This is exploration for the sake of exploration, and the 
belief that space exploration represents a kind of destiny toward the next stage in human 
evolution.  In the past 40,000 years – a blink of time in the universe – the human race has 
spread itself across the planet, developed countless technologies to improve life, invented 
and refined the ideas of art and culture, and looked skyward to gain some small sliver of 
knowledge about the scope and composition of the universe.  Perhaps this is simply an 
accident of nature, an artifact of a climatic shift on the plains of Eastern Africa; but more 
likely it is something more fundamental and intrinsic.  There is something in our genetic 
makeup that causes us to explore and move forward – the urge to survive and prosper.  This 
same instinct drives us to explore space. 
 
7. Survival 
 
The final motivation for human space exploration is the survival of the human species.  We 
know from the history of our planet and other celestial bodies in the solar system that 
cataclysmic activities – asteroid and comet strikes, volcanic activity – can cause massive 
devastation on a global scale and wipe out species from the face of the planet.  Another 
asteroid of equal or greater magnitude to the one that made the dinosaurs extinct 65 million 
years ago will strike the planet Earth in the future – and it is not a question of if, but when.  
Human space exploration and settlement can be used as a contingency against this 
eventuality – and also as a first step to develop the capability to deflect an inbound asteroid 
from a collision with our planet.   
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On a shorter time horizon, the greatest threats to our survival come not from nature or the 
cosmos – but from our own human behaviors, both malicious and unintended.  For 
example, the development of biological science in the last century has extended and 
improved the lives of billions; but it has also opened a Pandora’s box of biological 
engineering, and the possibility that somebody could develop a lethal pathogen– accidentally 
or intentionally – that the human body could not defend itself against.  Such a possibility 
could literally wipe out life on planet Earth as we know it, but self-sustaining colonies in 
space would be spared.  The prospects from long-term environmental degradation and the 
proliferation of nuclear weapons and materials both compel a similar motivation for human 
space exploration, although on a less urgent scale.   
 
8. Relationship between Motivations 
  
The boundary between the seven key motivations is not discrete; the chart below illustrates 
our notional understanding of the overlapping relationships among them. 
 
 
 

DISCOVERY

SCIENCE

NATIONAL
IDENTITY

SECURITY

POLITICAL
INTERESTS

ECONOMIC
INTERESTS

SURVIVAL

DISCOVERY

SCIENCE

NATIONAL
IDENTITY

SECURITY

POLITICAL
INTERESTS

ECONOMIC
INTERESTS

SURVIVAL

 
 
 
B. Motivations for Exploration and Public Opinion 
 
This wide variety of motivations for human space exploration presents both an opportunity 
and a challenge.  The variety means that it is possible to construct a broad coalition for 
human space exploration, using a menu of selling points to try to convince people to 
support space activities until a decisive argument is found.  But it also leads to dissension 
and the outbreak of faction among those who support space activities, with different groups 
supporting different activities that optimize their own motivations – to the detriment of 
broader activities. 
 
The human space exploration activities that have been carried out since the end of the 
Apollo Program are the byproduct of these fractured motivations: trying to be all things to 
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all people, and in the end satisfying no one.  New ventures in space need to face this reality 
and set priorities for human space exploration activities, and leaders should distinguish 
between first-order and second-order motivations for exploration.  For example, national 
identity, security, and political and economic motivations aren’t goals in themselves – they 
are the hope for second-order effects as the result of exploration.  Scientific interests are 
important, but can in many cases be satisfied more effectively through robotic missions, or 
research on the planet.  Only where there is a clear case that human space exploration has 
the unique potential to deliver scientific benefits should science drive the mission. 
 
After these motivations are removed, discovery and survival remain as the two first-order 
motivations for human space exploration.  If human space exploration is to be expanded 
and sustained, these two motivations need to be the emphasis of efforts to build public 
support.  If public support initiatives are focused too heavily on other motivations, then 
these justifications for space activities can be too easily refuted.  Critics can produce 
counterarguments about other means to develop the economy, improve the political 
situation, or advance the course of science.  Only in the case of the latter two motivations – 
discovery and survival – does human space exploration offer the possibility of unique and 
unassailable benefits.   
 
This statement is likely to be viewed skeptically in many quarters, given the political realities 
of the present day.  But if human space exploration is going to move forward in this century, 
then these must be the ultimate rationales, and they must be made openly and honestly.  
This will not easily be accepted in the short-term; but these motivations can serve as the 
basis for a new decades-long initiative to build support for human space exploration and 
settlement.   
 
C. General Public Opinion 
 
Beyond the question of motivation, there are a number of other dimensions to the issue of 
public support, and what practices can be followed to build and sustain it.  This section 
looks at public opinion from a tactical perspective, examining its role and how the delivery 
and content of messages about space exploration can become more effective. 
 
The apex of global support for human space exploration came on July 20, 1969, as the world 
watched Neil Armstrong and Buzz Aldrin set foot on the moon and leave the human 
imprint on Sea of Tranquility.  Throughout the course of the 1960s, general public opinion 
in the United States had been tenuous at times, but generally robust, a function of both its 
Cold War rivalry with the Soviet Union and the general dynamism of the Mercury, Gemini 
and Apollo programs.  Public support for human space exploration was also generally strong 
within the Soviet Union during that period.1   
 
Since the end of the 1960s, general public support for human space exploration has become 
more difficult to build and sustain.  This fact is both a cause and an effect – it contributes to 
political unwillingness to embark on audacious new missions, and this timidity cycles back in 

                                                 
1 Any quantifiable data from this time period in the Soviet Union are suspect due to the authoritarian nature 
of the state, although anecdotal evidence suggests that there was genuine support for the country’s space 
activities during that period.  
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a feedback loop to reinforce the tepid and uncertain nature of public support.  The result is 
that the two pioneers in human space exploration – the United States and the Soviet Union 
– have moved forward slowly in the last thirty-five years, and until the launch by China of 
Shenzhou-V in October 2003, no other nations have joined them in the development of 
independent human space launch capabilities. 
 
The end of the Cold War also prompted a seismic shift in public support for human space 
exploration.  The break-up of the Soviet Union led to a crisis for space programs in Russia 
and other successor nations, due to loss of funding and the shift in public interest toward 
commercial and private sector-led activities.  Funding for space exploration declined in the 
United States following the end of the Cold War as well, and throughout the 1990s, manned 
exploration activities in the United States remained stuck inside the circular logic of the 
Space Shuttle and International Space System.     
 
Recent developments offer hope that the world is breaking out of this pattern.  The success 
in China of Shenzhou-V brings one-fifth of the world’s population into the community of 
human space exploration.  The new Vision for Space Exploration in the United States has 
the potential to break the United States and its partners out of the stalled cycle that it has 
fallen into in recent decades.  Unmanned missions led by Europe and the United States to 
Mars and Saturn have piqued the interest of millions around the world.  New private-sector 
led activities have offered the promise of mass popularization and stimulated new interest in 
space exploration.   
 
But in spite of these recent positive indicators, the foundation of public support for human 
space exploration activities around the world remains shallow today, and run the risk of 
dissipation due to shifting political conditions and future external shocks – war, upheaval, 
terrorism, or calamity – to global society.  The challenge facing the leadership of space 
institutions today is building sustainable and durable public opinion, buffeted from short-
term concerns and resistant to manipulation by special interest groups.   
 
How can this be achieved?  There is no easy solution to this problem; instead, leaders within 
the space community need to make changes to the way that they reach out to the general 
public on a practical, day-to-day basis.  The following general principles apply: 
 
 
 

1. Lead public opinion.  National governments and space agencies need to be bold in 
their efforts to educate people about space, and not simply shift priorities from poll 
to poll.  Public opinion on space exploration has a much shorter time horizon than 
the planning cycle for space missions, and cyclical swings in public sentiment 
regarding human space exploration should not be seen as a reason to give up. 

 
2. Don’t outsource the delivery.  The best messengers of human space exploration 

are the astronauts, scientists and engineers who lead space activities around the 
world.  They need to be the ones communicating the unfiltered message of space 
exploration to the general public.  
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3. Become more open and transparent.  To many outsiders, the global space 

community seems like a mysterious members-only club.  This stands in sharp 
contrast to the intellectual ferment and turmoil in many other fields – for example, 
the global software, financial, or entertainment industries – where the barriers to 
entry are low, and the overthrow of concepts and ideas is a regular occurrence.  
Space organizations need to be open and reaching out to potential supporters and 
constituents, and become more transparent to the outside world to break down these 
artificial barriers.  A good example of the benefits of transparency is the Jet 
Propulsion Laboratory’s decision to allow PBS to film a documentary of the Mars 
Rovers landing – a documentary that would have aired even if the Spirit landing had 
failed.   

 
4. Talk openly about risk.   Space exploration has been a dangerous activity in the last 

fifty years, and given the realities of the challenge and complexities of space-
technology, it is likely to continue to be dangerous.  Space agencies have always 
known about these dangers, but have avoided talking about them openly.  This is 
somewhat understandable, given the macabre nature of such a dialogue.  But it 
creates the situation that we have seen following the Challenger and Columbia 
disasters – a national outcry and lamentation about why these tragedies occurred.  
The result after each has been paralysis and retrenchment.  It is necessary to figure 
out why incidents occurred and to fix the problems – but it is another thing entirely 
to try to pretend that risk can be eliminated.  If risks are communicated more openly 
and directly, then people will understand that the journey must go on if there is 
another disaster.   As former Astronaut Gus Grissom said in 1965, “If we die, we 
want people to accept it. We are in a risky business and we hope that if anything 
happens to us it will not delay the program. The conquest of space is worth the risk 
of life.” 

 
5. Partner with the “imagination industry.”  The entertainment industries in 

countries around the world are people’s primary and most common exposure to the 
concept and vision of space exploration.  Movies and television shows such as Star 
Wars, 2001, E.T., Contact and Star Trek have given two generations of people the 
possibility to vicariously experience life in space.  Video games have taken this 
experience to the next level of reality.  Continuous engagement and partnership with 
the entertainment industry by the space community can help to build the critical 
mass of interest in space activities. 

 
6. Improve public knowledge on the size of government investment in space 

exploration.   General public opinion is often critical of the amount of money being 
spent on space exploration, but this is a misguided impression of public sentiment, 
on account of public misinformation about the size of spending.  As the chart below 
shows, 73% of respondents overestimated the percentage of the American federal 
budget that went to NASA, when in reality the budget for civilian space exploration 
is slightly less than 1%.  
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Proportion of federal 
budget 

Percent of 
respondents 

<1% 20% 
1-5% 37% 
5-10% 19% 
>10% 17% 
Not sure 8% 
Source: Zogby International, for Houston Chronicle, 
July 3, 2003 

 
Efforts to educate people on the true level of funding for space exploration are likely 
to improve public sentiment toward space exploration. 

 
7. Harness the energy of China and India.  China and India are the two largest 

countries by population, and have two of the fastest growing economies in the 
world.  Both countries are rising space powers, and public interest in space 
exploration is rising in parallel with the shift of the people from agrarian work to 
globally-competitive activities.  If only small fractions of their populations become 
excited about space exploration, that can still translate to tens of millions of people.  
If these people can be connected to existing bases of support in the legacy space 
powers, a global coalition for space exploration can gradually develop and come 
together. 

 
D. Political Support 
 
Perhaps the most important public constituency for the space exploration community today 
is the political leadership in the key space-faring nations around the world, which supervise 
and control the purse-strings for exploration activities.  Enlightened political leadership has 
played a critical role in the development of exploration activities over the past half-century; 
the American space program would not have developed without the inspired leadership of 
John F. Kennedy, and the manned space program in China today owes a great deal to Jiang 
Zemin’s personal interest in space exploration during his time as President of the country.   
The current President of India, Dr. APJ Abdul Kalam, led the development of the country’s 
first satellite launch vehicle and is today a leading advocate for that nation’s ambitions in 
space. 
 
However, these examples are too often the exception rather than the norm.  There is a 
fundamental chasm of belief and perception between the space community and political 
leaders around the world today.  The political leadership in many countries sees the space 
community as aloof, self-serving, and prone to internecine squabbles.  The space 
communities see political leaders as ignorant and narrow-minded, failing to see what is 
obviously meritorious and worthy of funding.  While both perceptions are accurate to some 
extent, each side misdiagnoses the source of the other’s intentions, ascribing it to ill will 
rather than rational behavior.  If political and space leaders can communicate more 
effectively about their broader interests and goals, then the gap between these two groups 
can narrow or soften. 
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For many politicians, human space exploration is an exciting lark, but not something that is 
critical to the national interest, in the way that issues such as defense, education, or 
homeland security are.  With the exception of the small handful of members of Congress in 
the United States that have major space facilities in their districts, space exploration is not 
the kind of issue that will get a politician defeated or re-elected.   For example, in the last 
Congress, the subcommittee in the House of Representatives with oversight of NASA was 
unable to find enough members to fill up all of the available committee slots.   This reality is 
equally true in the national legislatures of Canada, India, Japan, and the nations of Europe.2  
The result is that the politicians that do care about space issues do so often for predictable 
parochial reasons rather than national imperatives.  Countries then develop space programs 
that are led in many directions at once and rife with inefficiency, and these programs are 
blamed by these same politicians for poor or mediocre performance.  Some politicians have 
a broader perspective than this, but too often they are the exception rather than the norm. 
 
E. Education and Workforce Development 
 
Human space exploration is critically dependent in the long-term on developing the next 
generation of scientists and engineers if the world is to move forward in this century.  In 
many of the long-standing space powers – the United States, Russia, Japan, and the nations 
of Europe – the space-related workforces, built up rapidly during the 1960s and 1970s, are 
now retiring at a rapid pace, and there are not enough new, high-skilled individuals willing to 
take their place.   
 
If these trends continue unabated, then institutional knowledge will start to fade away, and 
these countries’ proud traditions and capabilities could slowly wane.  But these trends are 
not inevitable, and there are two important things that the world can do to reverse this 
course.   
 
First, nations must make new and long-term commitments to space-related educational 
activities at all grade levels, and provide teachers with the resources that they need to be able 
to tell the story of space exploration to young people.   
 

 RECOMMENDATION: Make a renewed international commitment to space 
education on an international level building on related existing programs such as the 
GLOBE Program and UNESCO.  Although national governments spend millions of 
dollars each year on space education activities, there is no single effort at present to 
interest and motivate the next generation of researchers and explorers on a global 
basis.  National governments and the private sector should support new multi-year 
efforts to build a broader base of interest in space exploration among young people 
around the world. 

 

                                                 
2 The political context for space exploration in Europe doesn’t precisely fit this mold, on account of the relative independence of the 
European Space Agency (ESA) and its lack of direct political accountability.  ESA is responsible to the governments of its member states, 
but by virtue of its structure it is insulated from the day-to-day fights of national politics, and it is doubtful that it could be held hostage by 
a single politician.  Its insulation from national politics also has its risks, to the extent that it lacks the appropriate motivation to pay 
attention to political interests – although we have not observed that to date. 
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The space workforce needs to also become global to carry out this vision.  Scientists and 
aerospace engineers need to be able to work anywhere in the world, and have the same 
freedom of mobility enjoyed by software engineers and medical researchers.  Work needs to 
be able to be carried out in real-time across national borders; for example, one can envision a 
spacecraft design team that can work collaboratively and around-the-clock from Los 
Angeles, Hamburg and Hyderabad.   
 
Moving toward a global space workforce will improve the performance and efficiency of 
activities around the world.  This is not a matter of charity, but out of necessity.  On a global 
scale, if current trends continue, in 10-20 years there will be a significant mismatch between 
capital and labor in the economy of space exploration.  Countries such as China and India 
will have surpluses of trained aerospace engineers and scientists; the United States, Japan, 
and Europe will have capital, but not enough trained people to move projects forward.  By 
allowing people the freedom of movement, this imbalance can be corrected. 
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V. RECOMMENDATIONS AND CONCLUSIONS 
 
Collectively, the challenges discussed in Sections II-IV present an enormously difficult reality 
for those who would move the world forward into a new era of human space exploration.  A 
number of challenges are significant enough on their own – even if no other challenges 
existed – to serve as potential deal breakers for the future of human space exploration.  At 
the same time, all of these challenges can ultimately be overcome.  It is simply a question of 
making trade-offs between costs, risk acceptance, and goals, and finding an optimal and 
achievable equilibrium for the global spacefaring community. 
 
Key Recommendations 
 
These large and long-term challenges do not lend themselves to quick and easy solutions.  
Many of them require change that the space community itself cannot enact, and are only 
feasible following broader political or societal shifts.  Nevertheless, there are small things 
that can be done today that can serve as catalysts, and set the stage for the broader effort to 
tackle these challenges.  We propose the following five concrete initiatives that the space 
community and its global supporters can undertake to move the world forward toward a 
new era of human space exploration. 
 

1. Establish an International Year of Space Exploration (IYSE) in 2011, along the 
lines of the International Geophysical Year and the International Heliophysical Year.  
The year 2011 will be the 50th Anniversary of human spaceflight, commemorating 
Yuri Gagarin and Alan Shepard’s first flights, and the demarcation of the IYSE can 
catalyze space exploration activity on a global basis. 

 
2. Create a new International Space Governance Forum, which can serve as focal 

point for leadership on policy and governance issues.  The Forum could:  
 

• Analyze exploration and policy proposals from a global perspective, independent 
of any national or private interests; 

• Share best practices across borders and putting forward broad and eclectic 
models that can guide future international initiatives; 

• Facilitate linkages on international cooperative projects; 
• Engage the space community on in-depth professional discussion of technical 

matters and mechanisms for international cooperation; 
• Conduct independent evaluation of roadmaps and technology concepts. 

 
The Forum could be created at an existing institution such as the OECD or United 
Nations, or established as part of another appropriate organization. 

 
3. Charter a new Global Venture Fund for Space Exploration.  There are countless 

ideas found scattered throughout the private sector and the scientific community that 
might contribute, in a significant way, toward the development of a future human 
space exploration architecture.  And there are millions of individuals around the 
world who would like to see the expansive development of space exploration, but 
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have no direct means to support this work.  A Global Venture Fund for Space 
Exploration could solve both of these distinct needs, and solicit funds from national 
governments, the private sector, and individuals to invest in breakthrough research 
that can contribute to the development of human space exploration. 

 
4. Establish an International Prize for Space Exploration. The space exploration 

community currently lacks a means to reward and provide incentives to those who 
have made the greatest contribution to space exploration activities, at the stature of 
the Nobel Prizes for Chemistry, Physics, and Medicine.  A new International Prize 
for Space Exploration that would reward excellence in science, engineering, or other 
activities that significantly advance the future of human space exploration. 

 
5. Make a renewed international commitment to space education on an international 

level building on related existing programs such as the GLOBE Program and 
UNESCO.  Although national governments spend millions of dollars each year on 
space education activities, there is no single effort at present to interest and motivate 
the next generation of researchers and explorers on a global basis.  National 
governments and the private sector should support new multi-year efforts to build a 
broader base of interest in space exploration among young people around the world. 

 
 
 
Taken together, these five initiatives can help move the global space community forward 
toward confronting its key challenges.  They will require a modest commitment of resources 
by the public and private sectors – and perhaps more challengingly, a shift in attitudes about 
the appropriate role of national governments and aerospace companies within the broader 
space exploration enterprise.  They require these current powerful actors to surrender power 
or authority in certain cases to global and/or decentralized entities.  But ultimately, these 
institutions should support initiatives along these lines, not out of altruism, but out of self-
interest.  Without bold thinking on the future of human space exploration, the broader 
mission will not advance, to the detriment not only to everyone involved in space 
exploration today, but also to society as a whole. 
 
The road ahead for human space exploration will not be an easy one.  There are numerous 
challenges that the world will face in its effort to move beyond low-earth orbit to explore 
and perhaps colonize the solar system.  But if we act with determination and unity, we can 
move forward on the road to our visions for the future, ever closer to the edge of our distant 
dreams. 
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