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A Global Imperative: We Must Go! 
A Report from the Space Generation Congress* 

 

"Far better it is to dare mighty things, to win glorious triumphs, even 
though checkered by failure, than to take rank with those poor spirits who 
neither enjoy much nor suffer much, because they live in the gray twilight 
that knows neither victory nor defeat." 
 
-Theodore Roosevelt 
 

ABSTRACT 
The gears are already in motion. Whether we are ready or not, humanity is 

returning to the moon. Why we are returning remains illusive to most, and why we need 
to keep the momentum going beyond imprinting on the surface of the moon a simple few 
human footsteps is such a fundamental imperative that it is often overlooked. In 2004, the 
U.S. president presented a vision for a human return to the moon and Mars, in addition to 
a shift in NASA funding for the development of human-rated spacecraft dedicated to 
exploring those worlds as precursors to human settlements. While this was an American 
announcement, the implications of such an endeavor are global, and need to be discussed 
in this context. Yet, the arguments justifying this radical change in exploration strategy 
have remained poorly presented to the general public. Although documents exploring the 
value of space exploration, and human-based space exploration in particular do exist, 
such studies are either not global in scope, or only address the philosophy behind 
humanity’s innate desire to explore (“The mountains are calling and I must go” –John 
Muir). While important, these are insufficient to fundamentally justify the cost and 
rationale of human-based space exploration. 

To address this, a dedicated session has been held since 2006 at the MoonMars 
workshop, a yearly workshop run during the Space Generation Congress (SGC). SGC is 
an international youth space congress, officially held in conjunction with the International 
Astronautical Congress, endorsed by the United Nations Office of Outer Space Affairs, 
and organized by the Space Generation Advisory Council, a non-profit organization 
supporting the United Nations Programme on Space Applications. 

It was found by the session participants that a human presence in space is a natural 
continuation of humankind's exploration strategy, the cost of which is small compared to 
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other social activities. Given proper international backing, a global, human-based space 
exploration endeavor beyond low-Earth orbit (LEO) has the ability to provide return on 
investment in the short term, and will drive long-term life-style improvements 
worldwide. Perhaps more importantly, it will result in immeasurable inspirational 
benefits, which cannot be obtained through a purely robotic exploration-based 
programme. Such inspiration will drive all sectors of our society, with an additional 
benefit being stronger international cooperation and understanding. In the long term, such 
space exploration-led inspiration and cooperation could be the foundation for a more 
global human understanding.   

 

1. INTRODUCTION 
Human-based space-exploration has 
been limited to low-Earth orbit (LEO) 
since the end of the Apollo era. 
However, in 2004, the U.S. president 
presented a vision that included 
returning humanity to the moon, and 
extending human presence to Mars and 
beyond. This vision caused a re-
organization within the National 
Aeronautics and Space Administration 
(NASA) to shift resources in support of 
a human-based space exploration 
program. Since then, other national 
space agencies have articulated their 
own intentions regarding their 
participation in exploring our nearest 
celestial neighbors. The European Space 
Agency (ESA) has developed a detailed 
roadmap for moon and Mars 
exploration: the Aurora Program. The 
China National Space Administration 
(CNSA) has made clear statements that 
it will be a strong participant in returning 
humanity to the Moon. The Russian 
Federal Space Agency (ROSCOSMOS) 
has also announced ambitious 
exploration missions. Even the smaller 
organizations, such as the Japanese 
Aerospace Exploration Agency (JAXA) 
and the Indian Space Research 
Organization (ISRO) have become 
heavily involved in exploration 
missions, as witnessed by the recent 

launch of the Japanese Kaguya (Selene), 
and the Chinese Chang’E missions to the 
moon, followed in the next few months 
by the Indian Chandrayaan mission, and 
the U.S. Lunar Reconnaissance Orbiter. 

Despite the increase in worldwide space-
agency activity, the fundamental 
justifications for human activities in 
space, (in addition to pursuing advanced 
robotic exploration) have, in the opinion 
of the SGC session participants, been 
poorly presented to the general public. 
Much like how climate change made 
international headlines following "An 
Inconvenient Truth" – Al Gore’s popular 
documentary advocating climate 
awareness – the space exploration 
message would benefit from engaging 
famous personalities as spokespersons to 
present the meaning of space 
exploration. This is especially important 
in light of recent survey results 
conducted in the United States [1], and 
particularly results targeting 18 – 25 year 
olds [2]. While these reflect American 
public opinion, the conclusions to be 
drawn from them could be extended 
worldwide. This study found that over a 
sample of 1000 people aged between 18 
and 25,  

• 68% described themselves as 
“neutral” or “not excited or 



interested” in human missions to 
the Moon,  

• 32% were unaware that there is 
an International Space Station, 
and  

• 72% believe that money spent on 
NASA would be better spent 
elsewhere. 

Popular answers describing survey 
participants' general apathy towards 
human space exploration missions 
included “Don’t know why we’re going 
there when we’re so messed up here” 
and “don’t see the point” [2]. Since this 
generation is poised to open up the solar 
system to human development and 
settlement, these results are quite 
alarming.  
Interestingly however, young people 
polled in this survey expressed 
substantial interest and excitement about 
the Mars Exploration Rovers (MER). 
The MER program has seen significant 
effort spent on bringing mission results 
and day-to-day activities to the public, 
through interactive websites and a 
continuous stream of press-releases. As 
an example, the names of the rovers 
"Spirit" and "Opportunity" were chosen 
through a student essay competition! It 
seems that public dissemination of 
exciting results yields public support. 
Although the low-Earth orbit efforts of 
the past 20 years of human space flight 
may have lost their appeal, it is possible 
that public enthusiasm could change 
with human-missions to the moon and 
beyond.  

While documents exist describing the 
value of space exploration [3,4,5], none 
are global in scope. This reduces their 
potential impact, since one cannot speak 
of ambitious (and it has to be ambitious) 
human-based space exploration at a 
national level.  

The goal of this SGC session (which is 
ongoing) is to clearly define why a 
human-based exploration strategy is 
necessary. We discuss human-based 
space exploration in a global context, 
how it can bring and has brought people 
together, and how robotics are still a 
necessary part of the exploration 
strategy. We then focus on the benefits 
with short-term returns on investment, to 
attract political, economic and public 
support, and finish by discussing the 
long-term humanistic consequences. The 
separation into short-term and long-term 
is a product primarily of the current 
capitalist-driven world economic engine, 
in which for-profit enterprises are 
largely dominant over purely 
philosophical ones. While the latter are 
of extreme importance, they rarely gain 
the backing necessary to make 
substantial impact. With this in mind, we 
address both. 

2. A GLOBAL NECESSITY 

The exploration of space has long been 
scrutinized for its associated cost. A 
historical example of such scrutiny is the 
emotional inquiry written by Sister Mary 
Jucunda, a nun working in Zambia with 
starving children, to Prof. Ernst 
Stuhlinger, a pioneer of space travel of 
the same generation as Hermann Oberth 
and Wernher von Braun. Prof. 
Stuhlinger’s response, which provides a 
profound and comprehensive rational for 
the expenditure of funds on space travel. 
Included as an appendix to this paper, it 
is notable for its compassion, vision, and 
clarity. His response is quoted often in 
this paper, as it mirrors amazingly the 
ideas developed independently by the 
SGC session participants, and remains as 
valid today as it was when written in 
1970; this is the reason why we felt 
compelled to include his entire letter in 
this document in the appendix. 



Those who challenge human-based 
space exploration will identify the 
pursuit of solutions to a variety of social 
challenges as being more worthy of 
financial backing, including the need to 
feed those who are hungry, the 
protection of civil liberties, the 
development and distribution of 
medicine and treatments to fight critical 
illnesses and the reduction of 
greenhouse-causing emissions (among 
others). All these global challenges 
certainly deserve much attention, and 
they all deserve social prioritization. 
Supporters of space exploration are not 
insensitive to these problems, but have a 
firm belief that human-based space 
exploration can lead to numerous new 
technologies and solutions that can help 
address these issues: 

“[…] I have known of famined children 
long before I knew that a voyage to the 
planet Mars  is technically feasible; 
however, I believe, like many of my 
friends, that traveling to the moon and 
eventually to Mars and to other planets 
is a venture which we should undertake 
now and I even believe that this project, 
in the long run, will contribute more to 
the solution of these grave problems we 
are facing here on Earth than many 
other potential projects of help which 
are debated and discussed year after 
year, and which are so extremely slow 
in yielding tangible results.” 
(Stuhlinger) 

In addition, it is important to note, as Dr. 
David Livingston emphasized in his 
response to the New York Times 
January 11th 2008 “Freakonomics” blog 
entitled, and subsequently published in 
The Space Review [7], that money spent 
on the space program is really spent on 
Earth! The money goes to 
manufacturing, research and 
development, salaries, benefits, 
insurance companies, doctors, teachers, 
scientists, engineers, students, blue- and 
white- collar workers, and to 

corporations, large and small [7]. The 
money impacts all corners of the 
economy, as does any government 
spending. Furthermore, the U.S. budget 
spent for NASA is such that if the U.S. 
established a 1% reduction in 
governmental social expenditures, the 
money saved could double NASA’s 
budget! On a smaller scale, the cost of 
operating the International Space 
Station, ~$800 million, is approximately 
the cost of 4 Boeing 747-400 jumbo jets 
(each cost ~$200 million). Qantas, the 
Australian national airline, operates 34 
such aircrafts. Put in perspective, the 
cost of space-exploration is rather 
modest. 

No one will argue for cutting climate 
research funding in order to further 
support research for an AIDS vaccine. 
As such, All of the social projects 
described above, including human-based 
space exploration can and need to be 
funded. Overcoming global social 
challenges will be important for the 
long-term survival of humanity, are 
global in scope, but are rarely addressed 
until almost too late. Thanks to an 
international effort, the main cause of 
the ozone hole, CFC’s, have been 
banned, and the anthropogenic effects on 
climate are finally taken seriously. The 
recent Nobel prize to Al Gore and the 
Intergovernmental Panel on Climate 
Change is testimony to this. Benefits of 
human-based space exploration exist, so 
why wait until those benefits are 
drastically needed before taking action? 
Why not have “vision” and anticipate 
them? Unless short-term returns on 
investment can be foreseen, our society 
has a history of needing a tragedy or 
near-tragedy before significant funds are 
applied to solve a problem, even if the 
problem was identified previously. This 
needs to change. Our society needs to 
add to its "investing for immediate 



returns" philosophy an "investing for 
humanity" philosophy.  

3. BRINGING PEOPLE TOGETHER 

Exploration is an expression of our 
culture’s vision, energy, optimism and 
aspiration [3]. In Argentina and 
Uruguay, the "Dia del Amigo" (Day of 
Friendship) is celebrated every July 20 
in celebration of the world coming 
together as one in anticipation of the first 
Apollo moon landing. Yuri's Night, the 
international space party, celebrates 
every April 14 the first flight of Yuri 
Gargarin. In 2008, 198 parties were held 
in 51 countries in all 7 continents! Such 
worldwide unity towards space 
exploration brings a message of hope, 
hope of a more harmonious “global 
village”. As a young, international group 
of individuals from all continents, we are 
exasperated with the current state of 
international relations and the endless 
headlines of shattered peace. We feel 
that closer cultural understanding of 
humanity is part of the solution to bring 
back a society we can be proud of and 
look forward to. As a result, we strongly 
believe that a worldwide collaboration 
promoting scientific and cultural 
exchange, a natural result of a large, 
global endeavor, would help promote 
international understanding, and in the 
long-term, world peace. An ambitious, 
human-based space program, in 
which all nations can contribute to, 
and benefit from, is a viable example 
of such a global endeavor.  

“The distribution of the food to the 
needy is a completely different 
problem. The question is not so much 
one of shipping volume; it is one of 
international cooperation. […] Efficient 
relief from hunger, I am afraid, will not 
come before the boundaries between 
nations have become less divisive than 
they are today.” (Stuhlinger) 

Conflicts of interest, a common problem 
in international cooperation, will be 
reduced since space exploration can be 
related to by all, and the returns are 
global. While certain countries will lead 
the way, based on their historical 
experience and expertise with space 
exploration technology, we foresee a 
moral duty for those nations to 
represent a planet, Earth, and not 
themselves as humanity extends its 
reach beyond low Earth orbit. Such 
leading countries will gain much in 
economic prosperity as a result, and it 
simply makes sense to share such gains 
to less-developed nations. 

“It will become a better Earth, not only 
because of all the new technological 
and scientific knowledge which we will 
apply to the betterment of life, but also 
because we are developing a far deeper 
appreciation of our Earth, of life, and of 
man.” (Stuhlinger)  

Astronauts, Cosmonauts and Taikonauts 
are the first generation of space 
explorers, and act as ambassadors of our 
planet in space. We strongly feel that 
they should, alongside their national flag 
patch (or replacing it together), wear a 
universal emblem, the "Blue Marble" 
(Fig. 1). The "Blue Marble" is a picture 
taken on December 7 1972 by the 
Apollo 17 crew showing for the first 
time the Earth in complete view.  

“Of all the many wonderful results of 
the space program so far, this picture 
may be the most important one.” 
(Stuhlinger)  



 
Fig. 1: The “Blue Marble”, our planet seen in its 

entirety by Apollo astronauts in 1972, and a 
universal emblem that every astronaut should 

wear. 

4. HUMAN-BASE SPACE 
EXPLORATION IS ONE ASSISTED 

BY ROBOTS 

Planetary exploration is divided into two 
distinct parts: reconnaissance and 
exploration. Those two parts have two 
distinct philosophies. Reconnaissance 
missions are intended to quickly 
characterize the environments and 
provide important knowledge to assist 
and justify further exploration. Such 
missions are analogous to pioneers 
during the time of the expansion of the 
United States of America. Those 
pioneers were sent to then unknown 
lands to assess natural resources, ease of 
access, and commercial viability before 
larger resources were mobilized to 
explore and finally, settle.  

The reconnaissance of Mars was 
initiated by the Mariner missions and 
Viking landers in the 70’s. It continued 
with many missions including the Mars 
Pathfinder which landed on Mars in 
1997. The exploration performed by 
these robotic Mars probes is intended to 
identify available resources and to 
characterize the environment in depth. 
This more recent exploration stage was 
initiated because the earlier 
reconnaissance was successful in 

identifying an exciting terrestrial-like 
environment. We are still at an early 
stage of Mars exploration, but the next 
step will logically involve humans. 
Citing Steve Squyres, Principal 
Investigator of the Mars Exploration 
Rovers in an interview he gave the Mars 
Society in 2002. 

“I’m a big fan of robots, and humans 
are not a viable substitute for robots 
when money is tight. But one thing you 
learn when you work with robots a lot is 
how dreadfully limited they are in their 
capabilities relative to what a human 
could do in the same environment. For 
in-depth exploration, there’s just no 
substitute for humans, nor (I think) will 
there be one in the foreseeable future. 
So clearly the right approach is to 
lead with robots that are helped by 
humans, and follow later with 
humans that are helped by robots.” 

This citation summarizes eloquently the 
proper steps for planetary exploration. 
Of course in-situ exploration, especially 
on Mars (like has been done in 
Antarctica), will require the presence of 
human-sustaining habitats. 

5. AN INTERNATIONAL 
FRAMEWORK ALREADY EXISTS 

International cooperation in space 
endeavors is not new. We can build upon 
the successes and lessons-learned from 
the International Space Station (ISS) as a 
framework on which to build larger scale 
missions. The ISS, a continuing 
collaborative project between the United 
States of America, Russia, Canada, 
Japan, Brazil and ESA member states 
France, Germany, Italy, the United 
Kingdom, Spain, Switzerland, the 
Netherlands, Sweden, Norway, and 
Denmark has shown that the complexity 
of space technology benefits from 
international cooperation, and provides a 
framework of apprenticeship towards 
international cooperation. In fact, it is 



fair to say that “no other discipline, 
activity, venture, or multinational effort” 
has had the same international success 
story as human-based space exploration, 
and space exploration as a whole, has 
had. 

The European Space Agency (ESA) is 
an excellent model for multi-national 
collaboration on a large scale. Made up 
of seventeen member states as well as 
Canada, it is the second largest space 
agency in the world. Despite such 
diverse collaboration, it is an efficiently 
run organization. With a decentralized 
structure, it resembles more a private 
company than an international 
organization: ESA employs only ~1900 
people directly. The different projects it 
coordinates are allocated to different 
organizations / companies, and hence 
ESA does not directly employ the people 
involved with these projects. Funding is 
supplied through mandatory programs 
that all member countries must 
contribute to as well as through 
voluntary programs. It reinvests all the 
money given to it back into the various 
countries in proportion to the amount 
invested by each country. While 
inefficiencies exist in this reinvestment 
strategy (like the raising of contract 
prices by companies because they know 
their country is due one, or with the most 
suitable company not being selected 
because it is not of the right country), 
ESA does provide a model on which a 
global space enterprise could be based 
on; indeed its success as a space 
exploration agency speaks for itself. 

 
6. SHORTER-TERM BENEFITS 

6.1 Technological spin-offs  

Allowing a sustainable human presence 
in the dangerous environment of space 
often requires advances in technology. 

The discoveries made during these 
technological breakthroughs often result 
in spinoffs: space technology applied in 
new, often surprising settings. Many 
such spinoffs affect our daily lives 
without our knowledge. Most of them 
have contributed in improving our lives 
and in some cases changed them greatly. 
While it has been argued that spinoffs 
are not an argument for space 
exploration since funding technology 
development would be cheaper [3], the 
technology used in these new 
applications would likely have not been 
developed independently, since little 
incentives would have existed to drive 
forward the technological boundary.  

“Presumably, you will ask now why we 
must develop first a life support system 
for our moon-traveling astronauts, 
before we can build a remote-reading 
sensor system for heart patients.  

The answer is simply: significant 
progress in the solution of technical 
problems is frequently made not by a 
direct approach, but by first setting a 
goal of high challenge which offers a 
strong motivation for innovative work, 
which fires the imagination and spurs 
men to expend their best efforts, and 
which acts as a catalyst by including 
chains of other reactions.  
 
Space flight, without any doubt, is 
playing exactly that role. The voyage to 
Mars will certainly not be a direct 
source of food for the hungry; however, 
it will lead to so many new technologies 
and capabilities that the spinoffs from 
this project alone will be worth many 
times the cost of its implementation.” 
(Stuhlinger) 

Technologies developed as a direct 
result of space exploration are now being 
used in every day life. Here is a 
summary of some of the most 
noteworthy spinoffs resulting from 
human-based space exploration, as 
published in NASA’s Spinoff magazine 

[8] , and viewed on the History 



Channel's documentary "It Came from 
Outer Space", aired on US television. 
This list is by no means exhaustive and 
serves only as an illustrative example of 
the broad impact that space exploration 
technology has had on human society. 
 
Medicine 

• The infrared sensors designed to 
remotely measure the 
temperature of planets and stars 
are now being used to measure 
body temperature and help 
surgeons map brain tumors. 

• The breathing equipment used by 
firemen and women have greatly 
benefited from technologies 
developed for the Portable Life 
Support System (PLSS) during 
Apollo moon sorties.  

• Monitoring man’s biophysical 
reactions to the space 
environment has played an 
important role in developing 
better patient-monitoring systems 
on Earth. 

Environment management 

• Advanced glow-in-the-dark 
signage was developed for the 
International Space Station. They 
last 5 times longer and are 25% 
more luminous, yielding 
significant cost savings to 
companies that use them.  

 Transportation 

• Advanced rechargeable lithium-
ion batteries developed for the 
space program are pioneering 
hybrid motorized technology.  

Miscellaneous 

• Fire protective paint, used in sky 
scrapers as a coating on steel 

beams, was first developed for 
the Apollo re-entry module.  

• Tempur material, now common 
in beds, was developed as a 
solution to protect astronauts 
from thrust induced g forces 
during liftoff as well as serving 
as an effective vibration 
dampener.  

• Advanced polarized films and 
UV filters in sunglasses have an 
origin in technology developed 
for the Hubble Space Telescope 
to choose which wavelength of 
light was recorded by the 
cameras.  

6.2 New commercial niches 

While governments have led the space 
exploration arena since its inception, non 
space-agency driven human exploration 
is gaining momentum. Indeed, 
inspiration is driving many entrepreneurs 
such as Burt Rutan, Elon Musk and 
others to create commercial space-bound 
transportation systems, removing the 
monopoly the space agencies have had 
regarding space access. For example, the 
Ansari X-prize resulted in the first 
private space-bound vessel: Space Ship 
One, developed by Rutan’s Scale 
Composites Inc. From there, the new 
commercial niche of space tourism has 
emerged, and as of September 2006, 
thirty-nine different companies (Bob 
Citron, personal communication) were 
actively developing space-bound 
transportation systems.  Space 
Adventures Ltd, has been organizing 
flights to the international space station 
since 2001, when Dennis Tito became 
the first space tourist. Of most recent 
achievement, Bigelow Aerospace 
successfully inflated Genesis II, a 
modular space habitat, and has started 
projecting advertisements on the walls of 
the spacecraft! 



“How much human suffering can be 
avoided if nations, instead of competing 
with their bomb-dropping fleets of 
airplanes and rockets, compete with 
their moon-traveling space ships! This 
competition is full of promise for 
brilliant victories, but leaves no room 
for the bitter fate of the vanquished 
which breeds nothing but revenge and 
new wars.” (Stuhlinger) 

With the U.S. Space Shuttle retiring in 
2015, and the replacing Constellation 
(the new NASA program) not launching 
until 2015, there will be a “gap” in the 
launch capabilities of the U.S. fleet, 
affecting US support of  the International 
Space Station. This has led NASA to tap 
private ventures with the Commercial 
Orbital Transportation Services (COTS) 
program. COTS is a new NASA 
program coordinating the commercial 
delivery of crew and cargo to the 
International Space Station to fill what is 
known of as "The Gap". This program 
was announced on January 18, 2006. 
The program’s goal is to allow the 
opportunity of flying payloads to the 
International Space Station (ISS) on 
non-government operated vehicles. 
NASA is expending $500 million (less 
than the cost of a single Space Shuttle 
flight) through 2010 to finance the 
demonstration of orbital transportation 
services from commercial providers. 
Unlike any previous NASA project, the 
proposed spacecraft are intended to be 
owned and financed primarily by the 
companies themselves and will be 
designed to serve both U.S. government 
agencies and commercial customers. 
Space Exploration Technologies and 
Orbital Sciences Corporation, two 
privately funded space exploration 
companies, are the current awardees. 

Furthermore, small-scale spaceports, like 
the one being developed in the state of 
New-Mexico, in the United States 
(Spaceport America), could be a model 

for spaceports in other under-developed 
countries, spurring economic growth. 
Like a modern international airport, a 
spaceport would stimulate the economy 
of the surrounding area. In fact, a study 
conducted by New Mexico State 
University projects that by Spaceport 
America’s fifth year of operation, it will 
employ 2,300 people with a payroll of 
$300 million. Futron Corporation 
predicts that by 2020, Spaceport 
America will employ more than 5,000 
people with an excess of $1 billion in 
total revenues. Such a spaceport in an 
African nation would bring substantial 
investments and employment to many 
under-privileged nation, and would bring 
Africa into the space launching 
community.  

7. LONGER-TERM VISION OF A 
GLOBAL-SCALE HUMAN-BASED 

SPACE EXPLORATION 
PROGRAM 

7.1 A human centered endeavor 

A strong international space program 
will inspire many sectors of our society 
that will feed on each other to allow 
economical growth. This is summarized 
in Fig. 2. 

Many men and women, children and 
adults, will inspired by a global 
endeavor representing humanity, and 
will want to get involved. Motivated 
school-children will be inclined to study 
the subjects of mathematics, natural and 
physical sciences, and engineering. Such 
a large endeavor will also require many 
experts in fields not immediately 
associated with space exploration, such 
as: business, finance, art and 
communications (among others). An 
inspired public will contribute their ideas 
and creativity to their respective fields 
and increase their ability to earn an 
income, in-turn allowing the expenditure 



of extra cash, a result which will help to 
drive the economical engine. Indeed, we 
postulate here that this creativity will 
increase the yield of scientific, 
technological, humanitarian and artistic 
output. With influx of income, the 
international equivalent to the U.S. 
National Science Foundation (NSF) and 
other grant-giving institutions will be 
able to offer more funds to scientists, 
engineers, humanists, and artists. These 
activities will result in technology and 
other outputs of the human mind (art, 
philosophy) benefiting the public by 
yielding lifestyle improvements, while 
the global endeavor will facilitate 
international cooperation, allowing 
people to travel more, share their ideas 
with others, and to be exposed to new 
cultures and their unique perspectives. It 
will be is a self-feeding system 
 
While the previous paragraph offers a 
highly idealistic perspective that is 
obviously a first-order approximation to 
the intricacies of a society, it attempts to 
put the effects a global endeavor will 
have on humanity into a global context. 

7.2 Benefiting humanity 

We foresee several generations from 
now a stronger “global understanding” 
among the inhabitants of Earth, as a 
consequence of human-based space 
exploration. Space exploration already 
has demonstrated a history of bringing 
people together, even when the political 
situations of the time were tense. Here, 
Stuhlinger describes the Apollo 13 
incident of 1970, that happened in the 
middle of the cold-war: 

[…] When the time of the crucial 
reentry of the astronauts approached, 
the Soviet Union discontinued all 
Russian radio transmissions in the 
frequency bands used by the Apollo 
Project in order to avoid any possible 
interference, and Russian ships 

stationed themselves in the Pacific and 
the Atlantic oceans in case an 
emergency rescue would become 
necessary. […] If Russians space 
travelers should ever be in similar 
emergency situation, Americans would 
do the same, without any doubt.” 

Humanity will continue to reap the 
technological, inspirational and 
humanistic benefits of space exploration 
while witnessing its expansion beyond 
the Earth-Moon system and at the same 
time addressing the long-term concerns 
outlined above. 
 
Current conflicts we see today have two 
origins: inter-cultural misunderstandings 
and natural resource exploitation. With a 
successful human presence on the Moon, 
Mars and beyond, a new commercial 
niche of resources will be made 
available from those non-terrestrial 
bodies for the benefit of mankind 
(humanity). With a strong international 
partnership having existed to have made 
this leap to other planetary bodies and 
the influx of new resources, the nature of 
current conflicts will become obsolete. 

8. CONCLUSIONS 

Human-based space exploration is a 
model for all nations. It brings together 
the best in people, even in periods of 
tension. No other human activity has 
ever been able to do so. Astronauts, 
Cosmonauts and Taikonauts, are 
ambassadors of the Earth in space, and 
should be role models in that particular 
regard by displaying, in-lieu of their 
national flag shoulder patch, the Blue 
Marble, a universal emblem, as 
illustrated in Fig. 1. The returns to 
society, driven by the increased yields in 
scientific, technological, humanitarian 
and artistic output, will bring improved 
lifestyles for the people on Earth. 
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Figure 2: interaction of inspiration with key aspects of our society. 



Appendix: Prof. Ernst Stuhlinger 
responding to Sister Mary Jucunda, 
dated May 6 1970: 

Your letter was one of many which are reaching 
me every day, but it has touched me more deeply 
than all the others because it came so much from 
the depths of a searching mind and a 
compassionate heart. 

I will try to answer your question as best as I 
possibly can. 

First, however, I would like to say what great 
admiration I have for you, and for all your many 
brave sisters, because you are dedicating your 
lives to the noblest cause of man: help for his 
fellowmen who are in need. 

You asked in your letter how I can suggest the 
expenditure of billions of dollars for a voyage to 
Mars, at a time when many children on this earth 
are starving to death. 

I know that you do not expect an answer such as 
"Oh, I did not know that there are children dying 
from hunger, but from now on I will desist from 
any kind of space research until mankind has 
solved that problem!" 

In fact, I have known of famined children long 
before I knew that a voyage to the planet Mars is 
technically feasible; however, I believe, like 
many of my friends, that traveling to the moon 
and eventually to Mars and to other planets is a 
venture which we should undertake now and I 
even believe that this project, in the long run, 
will contribute more to the solution of these 
grave problems we are facing here on earth than 
many other potential projects of help which are 
debated and discussed year after year, and which 
are so extremely slow in yielding tangible 
results. 

Before trying to describe in more detail how our 
space program is contributing to the solution of 
our earthly problems, I would like to relate 
briefly a supposedly true story which may help 
support the argument. 

About 400 years ago, there lived a count in a 
small town in Germany. He was one of the 
benign counts and he gave a large part of his 
income to the poor in his town. This was much 
appreciated because poverty was abundant 
during medieval times, and there were epidemics 

of the plague which ravaged the country 
frequently. 

One day, the count met a strange man. He had a 
workbench and little laboratory in his house, and 
he labored hard during the daytime so that he 
could afford a few hours every evening to work 
in his laboratory. 

He ground small lenses from pieces of glass; he 
mounted the lenses in tubes; and he used these 
gadgets to look at very small objects. The count 
was particularly fascinated by the tiny creatures 
that could be observed with the strong 
magnification and which he had never seen 
before. 

He invited the man to move with his laboratory 
to the castle, to become a member of the count's 
household, and to devote henceforth all his time 
to the development and perfection of his optical 
gadgets as a special employee of the count. 

The townspeople, however, became angry when 
they realized that the count was wasting his 
money, as they thought, on a stunt without 
purpose. "We are suffering from this plague," 
they said, "while he is paying that man for a 
useless hobby!" 

But the count remained firm. "I give you as 
much as I can afford," he said, "but I also 
support this man and his work, because I know 
that someday something will come out of it!" 

Indeed, something very good came out of this 
work, and also out of similar work done by 
others at other places: the microscope. It is well 
known that the microscope has contributed more 
than any other invention to the progress of 
medicine, and that the elimination of the plague 
and many other contagious diseases from most 
parts of the world is largely a result of studies 
which the microscope made possible. 

The count, by retaining some of his spending 
money for research and discovery, contributed 
far more to the relief of human suffering than he 
could have contributed by giving all he could 
possibly spare to his plague-ridden community. 

The situation which we are facing today is 
similar in many respects. The President of the 
United States is spending about $200 billion in 
his yearly budget. This money goes to health, 
education, welfare, urban renewal, highways, 
transportation, foreign aid, defense, 



conservation, science, agriculture and many 
installations inside and outside the country. 

About 1.6 per cent of this national budget was 
allocated to space exploration this year. The 
space program includes Project Apollo, and 
many other smaller projects in space physics, 
space astronomy, space biology, planetary 
projects, earth resources projects, and space 
engineering. 

To make this expenditure for the space program 
possible, the average American taxpayer with 
$10,000 income per year is paying about 30 tax 
dollars for space. 

The rest of his income, $9,970, remains for his 
subsistence, his recreation, his savings, his taxes 
and all his other expenditures. 

You will probably ask now: "Why don't you take 
5 or 3 or 1 dollar out of the 30 space dollars 
which the average American taxpayer is paying 
and send these dollars to the hungry children?" 

To answer this question, I have to explain briefly 
how the economy of this country works. The 
situation is very similar in other countries. 

The government consists of a number of 
departments (Interior; Justice; Health, Education 
and Welfare; Transportation; Defense; and 
others), and of bureaus (National Science 
Foundation; National Aeronautics and Space 
Administration; and others). 

All of them prepare their yearly budgets 
according to their assigned missions, and each of 
them must defend its budget against extremely 
severe screening by congressional committees, 
and against heavy pressure for economy from the 
Bureau of the Budget and the President. When 
the funds are finally appropriated by Congress, 
they can be spent only for the line items 
specified and approved in the budget. 

The budget of the National Aeronautics and 
Space Administration, naturally, can contain 
only items directly related to aeronautics and 
space. If this budget were not approved by 
Congress, the funds proposed for it would not be 
available for something else; they would simply 
not be levied from the taxpayer, unless one of the 
other budgets had obtained approval for a 
specific increase which would then absorb the 
funds not spent for space. 

You may realize from this brief discourse that 
support for hungry children, or rather a support 
in addition to what the United States is already 
contributing to this very worthy cause in the 
form of foreign aid, can be obtained only if the 
appropriate department submits a budget line 
item for this purpose and if this line item is then 
approved by Congress. 

You may ask now whether I personally would be 
in favor of such a move by our government. My 
answer is an emphatic yes. Indeed, I would not 
mind it at all if my annual taxes were increased 
by a number of dollars for the purpose of feeding 
hungry children wherever they may live. 

I know that all of my friends feel the same way; 
however, we could not bring such a program to 
life merely by desisting from making plans for 
voyages to Mars. On the contrary, I even believe 
that by working for the space program I can 
make some contribution to the relief and 
eventual solution of such grave problems as 
poverty and hunger on earth. 

Basic to the hunger problem are two functions: 
the production of food and distribution of food. 
Food production by agriculture, cattle ranching, 
ocean fishing and other large scale operations is 
efficient in some parts of the world, but 
drastically deficient in many others. 

For example, large areas of land could be utilized 
far better if efficient methods of watershed 
control, fertilizer use, weather forecasting, 
fertility assessment, plantation programming, 
field selection, planting habits, timing of 
cultivation, crop survey and harvest planning 
were applied. 

The best tool for the improvement of all these 
functions, undoubtedly, is the artificial earth 
satellite. Circling the globe at a high altitude, it 
can screen wide areas of land within a short time; 
it can observe and measure a large variety of 
factors indicating the status and conditions of 
crops, soil, droughts, rainfall, snow cover, etc., 
and it can radio this information to ground 
stations for appropriate use. 

It has been estimated that even a modest system 
of earth satellites equipped with earth resources 
sensors, working within a program for 
worldwide agricultural improvement, will 
increase the yearly crops by an equivalent of 
many billions of dollars. 



The distribution of the food to the needy is a 
completely different problem. The question is 
not so much one of shipping volume; it is one of 
international cooperation. 

The ruler of a small nation may feel very uneasy 
about the prospects of having large quantities of 
food shipped into his country by a large nation, 
simply because he fears that along with the food 
there may also be an import of influence and 
foreign power. 

Efficient relief from hunger, I am afraid, will not 
come before the boundaries between nations 
have become less divisive than they are today. 

I do not believe that space flight will accomplish 
this miracle overnight; however, the space 
program is certainly among the most promising 
and powerful agents working in this direction. 

Let me only remind you of the recent near-
tragedy of Apollo 13. When the time of the 
crucial reentry of the astronauts approached, the 
Soviet Union discontinued all Russian radio 
transmissions in the frequency bands used by the 
Apollo Project in order to avoid any possible 
interference, and Russian ships stationed 
themselves in the Pacific and the Atlantic oceans 
in case an emergency rescue would become 
necessary. 

Had the astronaut capsule touched down near a 
Russian ship, the Russians would undoubtedly 
have expended as much care and effort in their 
rescue as if Russian cosmonauts had returned 
from a space trip. 

If Russian space travelers should ever be in a 
similar emergency situation, Americans would 
do the same, without any doubt. 

Higher food production, through survey and 
assessment from orbit, and better food 
distribution through improved international 
relations, are only two examples of how 
profoundly the space program will impact life on 
earth. 

I would like to quote two other examples: 
stimulation of technological development and 
generation of scientific knowledge. 

The requirements for high precision and for 
extreme reliability which must be imposed upon 
the components of a moon-traveling spacecraft 

are entirely unprecedented in the history of 
engineering. 

The development of systems which meet these 
severe requirements has provided us a unique 
opportunity to find new materials and methods, 
to invent better technical systems, to improve 
manufacturing procedures, to lengthen the 
lifetimes of instruments and even to discover 
new laws of nature. 

All this newly acquired technical knowledge is 
also available for applications to earth-bound 
technologies. Every year, about a thousand 
technical innovations generated in the space 
program find their ways into our earthly 
technology where they lead to better kitchen 
appliances and farm equipment, better sewing 
machines and radios, better ships and airplanes, 
better weather forecasting and storm warning, 
better communications, better medical 
instruments, better utensils and tools for 
everyday life. 

Presumably, you will ask now why we must 
develop first a life support system for our moon-
traveling astronauts, before we can build a 
remote-reading sensor system for heart patients. 

The answer is simply: significant progress in the 
solution of technical problems is frequently 
made not by a direct approach, but by first 
setting a goal of high challenge which offers a 
strong motivation for innovative work, which 
fires the imagination and spurs men to expend 
their best efforts, and which acts as a catalyst by 
including chains of other reactions. 

Space flight, without any doubt, is playing 
exactly this role. The voyage to Mars will 
certainly not be a direct source of food for the 
hungry; however, it will lead to so many new 
technologies and capabilities that the spinoffs 
from this project alone will be worth many times 
the cost of its implementation. 

Besides the need for new technologies, there is a 
continuing great need for new basic knowledge 
in the sciences if we wish to improve the 
conditions of human life on earth. 

We need more knowledge in physics and 
chemistry, in biology and physiology, and very 
particularly in medicine to cope with all these 
problems which threaten man's life: hunger, 
disease, contamination of food and water, 
pollution of the environment. 



We need more young men and women who 
choose science as a career, and we need better 
support for those scientists who have the talent 
and the determination to engage in fruitful 
research work. 

Challenging research objectives must be 
available, and sufficient support for research 
projects must be provided. Again, the space 
program with its wonderful opportunities to 
engage in truly magnificent research studies of 
the moon and planets, of physics and astronomy, 
of biology and medicine, is an almost ideal 
catalyst which induces the reaction between the 
motivation for scientific work, opportunities to 
observe exciting phenomena of nature, and 
material support needed to carry out the research 
effort. 

Among all the activities which are directed, 
controlled and funded by the American 
government, the space program is certainly the 
most visible, and probably the most debated 
activity, although it consumes only 1.6 per cent 
of the total national budget and less than one-
third of 1 per cent of the gross national product. 

As a stimulant and catalyst for the development 
of new technologies, and for research in the basic 
sciences, it is unparalleled by any other activity. 
In this respect, we may even say that the space 
program is taking over a function which for three 
or four thousand years has been the sad 
prerogative of wars. 

How much human suffering can be avoided if 
nations, instead of competing with their bomb-
dropping fleets of airplanes and rockets, compete 
with their moon-traveling space ships! This 
competition is full of promise for brilliant 
victories, but it leaves no room for the bitter fate 
of the vanquished which breeds nothing but 
revenge and new wars. 

Although our space program seems to lead us 
away from our earth and out toward the moon, 
the sun, the planets and the stars, I believe that 
none of these celestial objects will find as much 
attention and study by space scientists as our 
earth. 

It will become a better earth, not only because of 
all the new technological and scientific 
knowledge which we will apply to the 
betterment of life, but also because we are 
developing a far deeper appreciation of our earth, 
of life, and of man. 

The photograph which I enclose with this letter 
shows a view of our earth as seen from Apollo 8 
when it orbited the moon at Christmas, 1968. 

Of all the many wonderful results of the space 
program so far, this picture may be the most 
important one. 

It opened our eyes to the fact that our earth is a 
beautiful and most precious island in an 
unlimited void, and that there is no other place 
for us to live but the thin surface layer of our 
planet, bordered by the bleak nothingness of 
space. 

Never before did so many people recognize how 
limited our earth really is, and how perilous it 
would be to tamper with its ecological balance. 

Ever since this picture was first published, voices 
have become louder and louder, warning of the 
grave problems that confront man in our times: 
pollution, hunger, poverty, urban living, food 
production, water control, overpopulation. 

It is certainly not by accident that we begin to 
see the tremendous tasks waiting for us at a time 
when the young space age has provided us the 
first good look at our own planet. 

Very fortunately, though, the space age not only 
holds out a mirror in which we can see 
ourselves; it also provides us with the 
technologies, the challenge, the motivation, and 
even with the optimism to attack these tasks with 
confidence. 

What we learn in our space program, I believe, is 
fully supporting what Albert Schweitzer had in 
mind when he said: 

"I am looking at the future with concern, but 
with good hope." 

My very best wishes will always be with you and 
with your children.  

Very Sincerely Yours,  

Ernst Stuhlinger. 
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