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chapter 9 

The Political Economy 
of Spaceflight 

Stephen B. Johnson 

political economy has a long,distinguished history,going at least as far back as the 
eighteenth century.adam Smith’s Wealth of Nations (1776) is the most famous 

of these early works; it discussed the complex relationships between economic and 
political activities while at the same time laying the foundation for classical economic 
theory.at that time, and indeed continuing to this day, the question of appropriate 
government policies to spur economic activity to national advantage has remained 
of paramount importance to national leaders. Spaceflight is a prime candidate for 
political-economic analysis, largely because the government-industry nexus has 
remained tightly interlocked. free-market or laissez-faire policies have seldom if 
ever applied to space activities, and the classical economic theories that assume the 
existence of a free market have correspondingly little traction in describing the 
economics of spaceflight. By contrast, political economic approaches are directly 
applicable, due to the continuous and intimate interactions of government, industry, 
and academia in space activities.this essay offers a preliminary exploration of the 
political economy approach to the subject of spaceflight, so as to provide a few paths 
upon which future researchers may tread.1 

1. this approach has been tried at least once before. See m. a. holman, The Political Economy of the 
Space Program (palo alto, ca: pacific Books, 1974). many things have changed since that time, most 
prominently the massive growth of telecommunications and navigation, and the end of the cold war. 
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Why Pay to Go into Space? 

to begin to understand the political economy of spaceflight, investigators must 
first understand the reasons why humans are willing to devote significant resources 
to going into space. put another way, what do people “demand” that going into 
space can “supply”?2 

rocketeers achieved the first trips into space with the german V2 ballistic 
missile during World War ii. given that other weapons existed to deliver explosives 
at long distances, what characteristic made the development of ballistic missiles 
appealing? it was not merely the ability to deliver at a long distance, because the 
german luftwaffe had bombers for that purpose. rather, it was the ability to 
do this automatically (without human pilots) and at such high speeds as to make 
interception impossible (their relative invulnerability in flight) that made them of 
such great interest. many nations realized that once the V2 attained operational 
status a new and enormously destructive weapon now existed, one possessing great 
speed and invulnerability.3 

immediately, space became the new “high ground,” coveted by military and 
intelligence organizations for the same reasons they have always wanted to control the 
high ground. from high locations, one can see for very long distances to monitor the 
activities of adversaries.Vast resources have gone into the development of reconnaissance 
satellites of various kinds.the very first satellite development program in the U.S. was 
an air force reconnaissance program. although the military was the first to point 
telescopes and cameras at earth, science too can take advantage of the high ground to 
observe various natural and human-made changes to earth’s land, seas, and atmosphere. 
Weather prediction is vastly improved by viewing the atmosphere from space. 

finally, the sheer difficulty of going into space has posed a challenge and 
an adventure, which makes for dramatic entertainment and, if successful, garners 
respect.the space race between the U.S. and the Soviet Union had many facets, but 
the human flight program in particular was significantly influenced by the challenge 
and drama of putting and maintaining humans in space. launches have been and 
remain a very dangerous affair; the space race in the 1960s put time pressures on 
both sides to cut corners and try ever-more complex and risky activities, from 

2. this is another way of looking at rationales for spaceflight, as in roger launius’ recent article on the 
subject. this section differs from launius’ account in that i search for specific characteristics of the 
space environment that make it useful, whereas launius’ article stresses the reasons typically given by 
politicians, leaders, and others.those reasons and rationales often simply assume, without any discussion 
or direct statement, the characteristics i discuss here. See roger d. launius,“compelling rationales for 
Spaceflight? history and the Search for relevance,” in Critical Issues in the History of Spaceflight, Steven J. 
dick and roger d.launius, ed. (Washington,dc:naSa Sp-2006-4702, 2006), pp. 37–70. 

3. Benjamin King and timothy Kutta, Impact: The History of Germany’s V-Weapons in World War II 
(rockville centre, nY: Sarpedon, 1998); michael J. neufeld, The Rocket and the Reich: Peenemünde 
and the Coming of the Ballistic Missile Era (new York:the free press, 1995). 
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extravehicular activities (eVas) to putting men on the moon.though less dramatic, 
the Soviets set many long-duration space records on the Salyut and Mir space stations 
as their response to american lunar success. 

the robotic space race also had its sense of adventure and exploration,as the U.S. 
and Soviet Union sent probes farther and farther out into the solar system, with the 
U.S. in particular making amazing discoveries that caught the attention of the world. 
more recently, the ability to create “virtual exploration” through mars rovers in the 
1990s and 2000s brought the space program into the homes of anyone with a computer 
hooked up to the World Wide Web. this form of exploration became increasingly 
popular to a generation brought up on computer games and the internet. 

the drama of human flight and the wonder of astronomical discoveries interest 
young people as well as adults.this fact provides another justification for spaceflight: its 
ability to lure young people to careers in science and engineering.developed economies 
require scientists and engineers to function and to continue to spur economic growth 
through the development of new technologies, making education in mathematics, 
science, and engineering a priority. Spaceflight lures students into these fields (the 
“space and dinosaurs”phenomenon),and hence one of its justifications for government 
spending is as a mechanism to increase the supply of technically capable citizens. 

technical advances often bring economic opportunities and growth.Without 
question, spaceflight has created or propagated a number of technical advances, 
some of which have had significant impacts on earth. examples include digital 
imagery enhancement, which is now often used in medical applications; fireproof 
space suit materials, which are now used in firemen’s gear; and testing of food for 
astronauts, which contributed to food testing programs worldwide.these so-called 
spinoffs have frequently been cited as reasons for funding the space program.What 
has made space a particularly effective generator of spinoffs is the fact that the space 
environment is extreme or unusual in a variety of ways. these differences force 
scientists and engineers to think in new ways about how to accomplish tasks in 
space, which in turn create novel technologies and new ideas. Spinoffs have thus 
become another classical argument for government funding of space activities.4 

4. naSa publishes its annual magazine Spinoff to advertise this aspect of space. See also david Baker, 
Inventions from Outer Space: Everyday Uses for NASA Technology (new York: random house, 2000). 
the counter-argument is that you can spend the money directly on those applications on earth and 
get more “bang for the buck.”the counter-counter-argument is that just allocating money to those 
earth applications does not guarantee that people would have conceived of those solutions. in other 
words, the uniqueness of the application requires people to think differently than they otherwise 
would do, regardless of the money spent.my opinion is that spending money in two different places 
gets you two different sets of technology, both of which may be useful but in different ways.there 
has also much debate about the exact quantity and quality/nature of space spinoffs. Some argue 
that space programs are very conservative and hence are not really innovators. others note that in 
the 1950s and 1960s they were not so conservative. my view leans more toward the innovative side. 
Some areas have been consistently at the forefront of technologies, such as telecommunications, 
autonomy, lightweight materials, and certain human physiology applications. 
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in the long run, space offers the potential of the resources of the universe, 
which will likely become increasingly important as earth’s resources dwindle 
through exploitation and use.to date, the only space resource that has been used 
has been solar power to power spacecraft, but the potential for mineral resources on 
asteroids and other celestial bodies exists, should the advance of technologies and 
the economics on earth or in space make it viable. 

one truly final argument has attracted lower levels of interest and funding, 
although the argument itself goes back to the beginning of modern space activities.in 
the late nineteenth century,lord Kelvin argued that the theories of thermodynamics 
implied that the Sun was only some tens of millions years old and is continuing to 
cool, implying that life on earth had not been around that long and furthermore 
could not survive much longer.5 Since then, scientific discoveries and theories have 
furthered arguments about the potential future of longevity of life on earth. By the 
1950s astrophysicists theorized that the Sun will eventually become a red giant star, 
burning out any life on earth, though billions of years in the future.6 however, by 
the 1990s, scientists had evidence that a massive asteroid hitting earth millennia ago 
had caused the extinction of the dinosaurs and many other species on earth.a similar 
strike would likewise almost certainly destroy humanity. finally, the invention of the 
atomic bomb and the hydrogen bomb by the early 1950s showed that humans had 
the potential to destroy all human life with human-made weapons. 

for all of these ills, many space enthusiasts argue that humans must leave the 
planet in order to survive. in this case, space is simply “anywhere but earth,” since 
in the long run earth is doomed.a more positive view is that humans can build a 
new utopia away from the perils and contaminating influences of earth. in both its 
negative survival and positive utopian forms, this argument entices some to support 
space advocacy groups and to become involved in the space program. although this 
“ultimate motivation” is quite important for many individuals to become involved in 
space activities and to get space activities started when little funding is available, in 
practice this has had little economic impact because funding generally requires an appeal 
to hard-headed politicians and non-space leaders who require near-term, practical uses. 
the main discernible results of these concerns are modest increases of scientific funding 
in the 1990s and early twenty-first century to search for near-earth asteroids. 

in summary, space has several enticing features that lure military, civilian, and 
commercial organizations and individuals to spend money to take advantage of 
them. Understanding the political and economic processes and structural features 
by which this money is spent is the task of political economy. Several approaches to 

5. Joe d. Burchfield, Lord Kelvin and the Age of the Earth (chicago: University of chicago press, 1975, 
1990), p. 43 in the 1990 edition. 

6. Jean-louis tassoul and monique tassoul, A Concise History of Solar and Stellar Physics (princeton, nJ: 
princeton University press, 2004). 
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space economics and commerce appear in the research and trade literature, each of 
which sheds light on different aspects of the subject. 

the Uses and abuses of economic data 

to gauge the economic impact of space activities, it is frequently desirable to 
provide quantitative measures.7 as with many other efforts to quantify social activities, 
this is an activity fraught with methodological dangers and problems. enumerating a 
few of the more common complications of providing quantitative measures will provide 
a counterbalance to the danger of believing too literally some of the more typical 
quantitative measures provided by various government and nongovernment sources. 

in general, we can characterize economic activities as chains of suppliers and 
consumers. for example, diSh network provides television service in my home, 
and i am thus a consumer of a particular satellite service and diSh network is 
the supplier. diSh network in turn purchases satellites from manufacturers such 
as Boeing or european aeronautic defence and Space company (eadS). in this 
linkage, diSh network becomes the consumer and Boeing or eadS the supplier. 
Similarly, Boeing and eadS purchase thousands of components from various 
subsystem and component vendors, and so on. 

one unfortunately common problem is to count the purchases or revenues 
at more than one location along the chain, thus doubling or tripling the estimated 
sector size.there are at least two ways to battle this problem.the simplest is to pick 
one consistent link in the chain and measure at only that location.depending on the 
interest of the analyst, different links will be of more or less interest as the measuring 
location of choice. this works well to measure the size of a given space sector, 
such as satellite manufacturing or space telecommunications.another method is to 
count only the locations where the money is actually spent on people,which ideally 
correlates to measuring the number of personnel involved at each link along the 
chain.this method is helpful in determining structural changes in a sector, such as 
determining the relative sizes and change in sizes of different companies in a supply 
chain. for example, analysis shows that in the european aerospace industry, prime 
contractors have grown in comparison to subsystem contractors in the early years 
of the twenty-first century.8 

another issue is selection of revenues or expenditures to measure money flows. 
although it is typical and often required for companies to provide revenue figures, 
it may be more useful to measure expenditures because expenditures also include 

7. the	 best overview of space economic data sources is henry r. hertzfeld, Space Economic 
Data (Washington, dc: U.S. department of commerce, office of Space commercialization, 
december, 2002). 

8. aSd-eurospace, Facts and Figures, The European Space Industry in 2005 (paris: aSd-eurospace, 
June, 2006). 
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funding acquired through stock sales,bank loans,or other borrowing mechanisms.for 
example,if one tried to measure the economic impact of the communications Satellite 
corporation in the mid-1960s, measuring revenues would be deceptive because its 
revenues were very small in comparison to expenditures, as it spent funds raised from 
stock offerings.9 a similar problem applies to assessing the impact of the iridium 
venture in the 1990s. in this case, the company went bankrupt and thus its money 
spent to acquire telecommunications satellites ultimately came from outside investors 
who received little or no return on their investment. in both cases, these expenditures 
created a temporary spike in satellite communications economic activity. 

government data sources, when available, are often reliable measures but they 
only cover certain topics of interest to those government institutions.thus one can 
get accurate figures on government expenditures, including those to government 
contractors. Some organizations, such as naSa, gather their statistics into historical 
data books that are extremely useful for this sort of research.the U.S.department of 
defense’s (dod) space expenditures are well documented and can be extracted for 
those who have the patience to go through the defense budget line by line, except 
for “black” programs, which are hidden throughout the defense budget. naSa is 
required to publish its annual Aeronautics and Space Report to the President, which 
provides a quick and useful overview of government air and space expenditures. 
the department of transportation publishes quarterly reports that provide 
excellent data on the politics and economics of launchers, whereas the department 
of commerce’s office of Space commercialization performs a variety of studies 
and provide occasional reports on major space sectors.the U.S. census Bureau has 
its own economic classification system for industries in the U.S., with aerospace 
products and parts manufacturing (north american industry classification System 
[naicS] 3364) being the primary category in which space activities are classified. 
other nations usually have similar documentation, but access to the data can be 
difficult for noncitizens and,even when available, the nuances of each system require 
significant amounts of time and effort to learn. thus, an international picture of 
government space expenses is remarkably difficult to acquire. the Space policy 
institute of george Washington University performed an annual survey of civilian 
space programs and results published annually in Aerospace America.Unfortunately, in 
recent years, this survey has been halted due to increasing national barriers to release 
of this information.10 

forcorporations,spacebusinessisoftenonlyoneofseveralproductlines,andextracting 
the proportion that is space-related cannot be easily done unless the companies themselves 
release data that separates them.Space News has annual surveys leading to publication of its 
“top 50” space manufacturers, and other lists for the top telecommunications operators, 

9. david J.Whalen, The Origins of Satellite Communications 1945-1965 (Washington, dc: Smithsonian 
institution press, 2002). 

10. hertzfeld, Space Economic Data, p. 14; e-mail, hertzfeld to author, 8 april 2007. 
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direct broadcast companies,and so on.the data are only as reliable as the companies’efforts 
and willingness to provide accurate data,but are readily available and occasionally useful. 

industry associations also collect a variety of economic data on the aerospace 
industry. the aerospace industries association (aia) publishes its annual Aerospace 
Facts and Figures for the United States, while eurospace provides its Eurospace Facts 
and Figures for the space industry in europe. the two associations use different 
methodologies for somewhat different objectives. the aia data focus on overall 
aerospace manufacturer revenues and employment, and separates them into air and 
space domains. eurospace uses a sophisticated methodology to track expenditures 
at different industrial levels to do structural analyses, as well as to track the overall 
revenue and employment figures. 

finally, it is important to use launch statistics, which each nation is required 
by the registration convention to supply to the United nations. these data, by 
their nature, are a straightforward “apples-to-apples” comparison of what actually 
goes into space,without the complications of currency conversions or measurement 
complexities (though one needs to distinguish between launch attempts and launch 
successes). Simple comparisons and assessments of launches and the satellites placed 
in orbit provide an excellent counterbalance to economic data.a couple of examples 
show the criticality of using these data. one major problem in the assessment of 
space activities is estimating the economic importance of secret reconnaissance 
programs, since the economic data remains classified.to get around this problem, 
by using declassified information about the corona program and its design we can 
estimate the rough costs of a corona satellite.11 the cost of thor-delta launchers of 
the period can also be estimated from civilian launch data. combining this with the 
number of corona/reconnaissance launches that occurred (which can be extracted 
from the launch data), one can estimate annual expenditures on these programs. 

another troubling economic problem is estimation of the economic value of 
Soviet and russian or chinese programs. in the case of the former Soviet Union or 
china, budget figures are not available or, in the few cases where they are, they are 
unreliable due to the lack of convertibility between capitalist and socialist economic 
systems. in the case of russia, the value of the ruble is extremely low compared 
to the dollar or euro, so reports of russian government expenditures on space 
programs lead to a significant underestimate of its economic importance in russia 
and worldwide. for all of these types of cases, launch data can provide a means to 
provide a first order of magnitude estimate. 

overall, it is important to compare the data from these various sources to assess 
their reasonability,while recognizing the means by which,and the purposes for which, 
they were gathered. only in this way can we avoid glaring mistakes and also avoid the 
all-too-easy belief in the absolute validity of the various enumerations that exist. 

11. despite official classification of corona satellite costs, this came out in public literature in an interview of 
a major participant, frank Buzard, as $5 million per corona and about $500,000 per camera, for a total of 
some $5.5 million per corona satellite.“an interview with frankW.Buzard,”Quest 13/4 (2006):p.36. 
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National View 
one common viewpoint from which to assess space programs is a“national view,” 

in which the space activities of each nation are compared.thus one can compare national 
government space funding levels, commercial contracts of corporations categorized by 
nation, the space policies adopted by various nations, the number of satellites launched 
by each nation, and so on.the emphasis of this sort of classification is usually to assess 
the relative effectiveness of a nation’s government policies as compared to other nations’ 
policies, typically to improve economic competitiveness vis-à-vis other nations. 

to take a simple example, an annual tabulation of all orbital launch attempts— 
categorized by nation and projected from 1957 to the present—gives a simple indicator 
of the relative scale of investment by each nation in space activities.Shown in figure 9.1, 
this way of assessing space activities shows that the U.S. and the Soviet Union and its 
successors have been by far the dominant space powers.although this is not particularly 
surprising, what is surprising is how many more spacecraft the Soviet Union launched 
during the 1970s and 1980s than did any other nation.this seems to indicate that the 
Soviet Union was the dominant space power during this time. in addition, any thought 
of the supposed recent demise of russia as a space power should be exorcised by the 
continued frequency of russian launches, both to launch spacecraft from other nations 
as well as satellites from russia and the other former Soviet republics. 

When we compare instead national government budgets as shown in figure 9.2, 
we get an entirely different view of the relative economic significance of the U.S.versus 
the Soviet Union.here, the U.S. appears as the overwhelmingly dominant space power. 
instead of a time series, i here only show a single year because it is extraordinarily 

Figure 9.2—Government space spending, 2005.12 
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difficult to compare budget figures for capitalist nations to their communist 
counterparts.even when the budget figures can be compared—when both nations 
are “capitalist” and their exchange rates theoretically reflect the relative value of 
their currency—these figures remain problematic. is it really true, for example, that 
russia’s program is less important at an international level than, say, Japan’s?this seems 
implausible, given the number of launches of each nation.13 

even such simple comparisons as government spending have inherent difficulties. 
to make a fully legitimate comparison, each nation must gather the relevant statistics 
and those statistics must be comparable from nation to nation. in general, however, 
the statistics, even when they are gathered, are not strictly comparable. in some cases, 
the statistics exist but remain classified. reconnaissance and intelligence budgets are a 
classic example. or, in the case of russia, some of its government space institutions are 
“commercial”in that they sell their services.for example, is U.S.government funding of 
russia to build international Space Station modules to be tracked as a U.S. or russian 
figure? Similarly,if South Korea’s government purchases a communications satellite from 
a european vendor, does this reflect South Korean or european space competitiveness? 
it depends on the question the analyst is trying to answer. 

another way to assess the relative importance of a nation’s space program would 
be to compare the number of citizens employed in that nation’s space industry.this 
is probably a more reliable way to make apples-to-apples comparisons, but the data 
are difficult to acquire. 

although most national space policies are focused on particular space sectors 
such as communications or navigation, a few affect many space activities.the most 
prominent of these in the U.S. are the international traffic in arms regulations 
(itar). Since space technologies are by their nature tied to a host of military 
concerns, they are subject to itar.this has been particularly important in the export 
of communications satellites. in 1999, congress, responding to perceived technology 
transfer of american satellite technologies to china, placed communications satellites 
on the “munitions list,” governed by itar.the transfer of export licensing authority 
from the department of commerce to the department of State significantly hurt 
american manufacturers, as the regulations have slowed and in some cases prevented 
export of american satellites, to the benefit of european companies.14 

the purpose of these national comparisons is often to assess relative national 
economic competitiveness so as to determine the effectiveness of space policies. 
although in a general sense these figures provide a relative scale of activities by different 
nations, they are largely useless for policy assessment.this is because space policies 
largely refer to specific sectors of space, such as navigation, space launch, remote 
sensing, human flight, or science. in other cases, the policies refer to intergovernment 

13. aSd-eurospace, Facts and Figures,The European Space Industry in 2005 (paris:aSd-eurospace, June, 
2006), p. 12. european governments spent €2.662 billion on space products in 2005. 

14. James a.Vedda,“Space commerce,” in Space Politics and Policy:An Evolutionary Perspective, ed. eligar 
Sadeh (dordrecht,the netherlands: Kluwer academic publishers, 2002), pp. 219–220. 
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relations, technology transfer, regulations over foreign corporate ownership, and so on. 
it is very difficult to translate from a policy decision or proposal to an unambiguous 
impact on the overall space budget or launch figures.these figures are generally too 
high to be of direct utility.We must use other means to be politically useful. 

Functional View 
another typical way to assess space activities is by functional view: military, 

civilian, and commercial.this tripartite division recognizes that there are three very 
different motivations, and usually three very different sets of organizations, that are 
involved in space. 

the military, which for the purposes of this paper will include civilian 
intelligence-gathering organizations, exists to provide national security. for 
millennia, the military has had its own unique set of institutions, starting with armies 
and navies, expanding to include air forces in the early twentieth century, and space 
assets with the advent of the Space age. initially controlled by the military, space 
endeavors were the province of one or more of the armed services. 

in the Soviet Union there was no strict separation of military and civilian 
efforts and, of course, no commercial activities in the socialist state.the ministry of 
armaments controlled the development of ballistic missile and space programs until 
1965, when they were transferred to the ministry of general machine Building. 
the air force trained cosmonauts, and from 1959 to 1981 the Strategic missile 
forces, a branch of the military, operated all ballistic missile and space systems.15 Was 
the launch of Yuri gagarin in april 1961 a “civilian” activity, even though it was 
operated by the military? Similarly, the Soviet space station program of the 1970s 
and 1980s consisted of stations for both military (almaz) and civilian (doS—long 
duration Station) purposes, but both programs were operated by the military and 
all were called Salyut and proclaimed to be civilian systems. 

initial space efforts in the U.S. were divided between the three military 
services: army, navy, and air force. all three services began developing ballistic 
missiles and satellites. the army’s primary space organizations, the army Ballistic 
missile agency and the Jet propulsion laboratory, were transferred to naSa by 
1960, at which point army space efforts focused on antiballistic missile systems and 
satellite communications.While the navy’s Vanguard program and personnel were 
transferred to naSa, the navy managed to retain most of its space organizations, 
which concentrated on space navigation, communications, and with the national 
reconnaissance office, reconnaissance.the air force garnered the lion’s share of 
military space programs, with the primary roles for space system development and 
space launch.it was involved with space reconnaissance,communications,navigation, 
tracking, and a host of other functions. 

15. asif a. Siddiqi, Challenge to Apollo:The Soviet Union and the Space Race, 1945–1974 (Washington, 
dc: naSa Sp-2000-4408, 2000), pp. 891–895. 
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the U.S. civilian space program came into official existence in 1958 when 
naSa was created to manage the civilian space effort separately from military space 
activities. civilian space programs are intended for the “public good,” including 
programs for weather forecasting, technology development, national prestige, 
education, and science. Separation of civilian from military space efforts in the U.S. 
is not always obvious. for example, the U.S. navy ran the Vanguard program, which 
was intended for “civilian” scientific purposes.although generally categorized as a 
military space activity because the navy ran the program, its function was civilian 
in intent. many science and technology programs are similarly difficult to classify. 
So, for example, the clementine probe to the moon was a military program to test 
technologies but it performed civilian science functions. many geodetic satellites 
are run by civilian institutions but were mainly motivated by military purposes, 
such as ballistic missile targeting. it has been customary to consider all nonmilitary 
government space expenditures (that is,money spent by any government institution 
not part of the dod, with the exception of intelligence) as “civilian.” 

other civilian space programs came into being in a number of nations soon 
thereafter, sometimes as national civilian agencies, such as france’s centre national 
d’Études Spatiales (cneS), and sometimes divided among a variety of institutions, 
as occurred in the United Kingdom,West germany, and Japan. 

commercial space efforts began very early in the U.S., with the launch of 
american telephone & telegraph’s (at&t) privately funded the telstar satellite 
in 1962. the international telecommunications Satellite organization (intelsat) 
came into being in 1964 as a multinational consortium to run the international 
communications satellite network.although the U.S. created a private corporation, 
the communications Satellite corporation, to manage its shares in the new 
organization, other nations usually assigned government organizations to represent 
their interests in intelsat.this is because most nations ran their telephone networks 
as national public services. So, although intelsat has usually been classified as 
“commercial” by american analysts, other nations considered it a civilian activity. 

many private corporations depend mainly or even totally on government 
funding. for example, the private space company United Space alliance, a joint 
venture of Boeing and lockheed martin that services the Space Shuttle, is totally 
dependent on the government. is it “commercial”? a number of space companies 
that did not depend on government funding, such as panamSat and directV came 
into existence by the 1980s and 1990s. 

other commercial-civilian hybrids abound.arianespace and Spot image were 
established as commercial companies but were partly owned by the french government, 
whereas the launchers and satellites they operated were developed by governments 
(the european Space agency [eSa] for arianespace, and france for Spot image).16 

16. J. Krige, a. russo, and l. Sebesta, A History of the European Space Agency 1958–1987,Volume ii 
(noordwijk,the netherlands: eSa Sp-1235, 2000), pp. 472–481. 
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after the collapse of the Soviet Union, the russian government institution Khrunichev 
sold launch services to other nations and to private entities, and owns shares of private 
companies. in the space launch industry, it is customary to classify any launch that is up 
for bid by launch providers as commercial.this can be true even if the launch provider 
(supply) and the satellite owner (demand) are government-owned! commercial often 
means “competed,” not necessarily “private.” other confusing cases have existed in 
the past, such as when private companies martin marietta and general dynamics 
competed with the U.S. government (naSa) and with the european public-private 
hybrid company arianespace to launch intelsat satellites in the early 1980s. certainly 
there was competition, but in this competition private entities such as martin marietta 
and general dynamics stood little chance against the rival governments.of course,one 
can also question how “commercial” martin marietta and general dynamics really 
were, since the vast bulk of their funding (and many upgrades to their launch vehicles) 
were funded by the U.S. government.17 

one government’s military or civilian expenditure is often a commercial 
company’s profit or another government’s revenue, so it is often a matter of choice 
or convenience to decide whether an expenditure or revenue is military, civilian, or 
commercial. even with all of the complications just described, the tripartite division 
of military, civilian, and commercial does provide more visibility into the relative 
scale of activities, now divided by major function: national security, public good, or 
economic profit.this gives a somewhat more informative view of the relative scale 
of activities for these different national functions. 

figure 9.3 shows the relative size of military, civilian, and commercial activities 
in the U.S. in 2005, as defined by government expenditures for military and civilian 
purposes, and by revenues for commercial activities. Strictly speaking, these are not 
the same things and so the comparison is not as direct as one would like, but the 
statistics on commercial activities are usually based on revenues, not expenditures. if 
one could construct similar statistics for other nations, national comparisons could 
be made regarding the relative priorities of each nation. it is quite clear that after the 
collapse of the Soviet Union, U.S. military space expenditures far exceed those of 
any other nation, with russia probably remaining in second place and china third, 
with europe not too far behind china. figure 9.4 shows the relative proportions of 
european space activities,which shows the much smaller proportion of expenditures 
on military space as compared to civilian and commercial activities.expenditures by 
all other nations are significantly smaller than these four. israel’s space activities also 
have a large military slant, and recently Japan has funded military space activities for 
communications and reconnaissance. 

17. Joan lisa Bromberg, NASA and the Space Industry (Baltimore, md: Johns hopkins University press, 
1999), pp. 124–132. 



154 Societal impact of Spaceflight

Figure 9.3—Relative size of U.S. space functions, 2005.18 

Figure 9.4—Relative size of European space functions, 2005.19 

18. these civilian and military figures come from the 2005 U.S. national budget, Budget of the United 
States government,Washington,dc:government printing office. it can be found online at http:// 
www.gpoaccess.gov/usbudget/ (accessed January 2007). the commercial figures is a rough estimate 
derived from several sources, including Space foundation, The Space Report 2006 (colorado 
Springs, co: Space foundation, 2006), the international Space Business council, and department 
of commerce publications. 

19. aSd-eurospace,Facts and Figures, the European Space Industry in 2005 (paris:aSd-eurospace,2006),p.12. 
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the major trend over the nearly 50 years of spaceflight has been the growth of 
commercial activities relative to civilian and military expenditures. from essentially 
zero in the 1950s, by the early twenty-first century the commercial aspects of space 
have grown to significance, with revenues in the tens of billions of dollars each 
year. military spending has remained relatively constant or growing over the years, 
whereas civilian space spending has remained essentially fixed after the initial bump 
of the 1960s space race. 

Institutional Structure 

a typical economic view of an industry subdivides that industry into the 
major suppliers and then lower-tier companies down the supply chain.the lowest 
tier provides small components to the next higher tier, which integrates them into 
larger units, and then ultimately to the top-tier provider, which provides the full 
system or service to the consumer.this type of analysis can be applied to the space 
industry or, more accurately, to the aerospace industry.20 

While some “pure” space companies exist, many space products are supplied 
by larger companies with diversified product lines. in most, though not all, cases, 
these are aerospace companies that provide a host of aviation, space, and defense 
products to governments and to other companies. Boeing is one of the best known, 
being most famous as a commercial airline manufacturer. however, in 2006 Boeing 
also manufactured the delta launcher, a variety of commercial, civilian, and military 
satellites, and many other defense-related products, along with a few other smaller 
lines of business.the eadS is the largest european aerospace manufacturer, with a 
similarly diversified portfolio. 

the largest companies, which supply entire launch vehicles, satellites, aircraft, 
and missiles, are known as prime contractors. after decades of consolidation, in 
the U.S. and europe these had been reduced to a very small number: lockheed 
martin, Boeing, northrop grumman, raytheon, eadS, and alcatel.these gigantic 
companies consisted of what had formerly been many smaller companies, though 
in their time these had been considered large prime contractors in their own right, 
such as douglas, martin, messerschmidt, hawker Siddeley, mcdonnell, grumman, 
Sud-aviation,dornier,north american,and so on.21the massive prime contractors 

20. definitions of prime, subcontractors, and component suppliers can be found in U.S. general 
accounting office,“Best practices: dod can help Suppliers contribute more to Weapon System 
programs,” (march 1998) gao/nSiad-98-87. See also Keith hayward, The World Aerospace 
Industry: Collaboration and Competition (london: duckworth & rUSi, 1994), p. 6. 

21. roger e. Bilstein, The American Aerospace Industry (new York: twayne publishers, 1996), pp. 117, 
176–177, 215–218; Bromberg, NASA and the Space Industry, pp. 12–13; european aeronautic 
defence and Space company, On the Wings of Time: A Chronology of EADS (2003), found online 
at http://www.eads.com/1024/en/eads/history/wings_of_time/wings_of_time.html (accessed January 
2007);alcatel-lucent Web site, http://www.alcatel-lucent.com (accessed July 2007). 
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engaged in horizontal consolidation (merging with their peer prime contractors) and 
vertical consolidation (acquiring lower-tier companies that supplied components, 
subsystems, and services to them). one can see marxist capitalist dynamics behind 
many of these mergers. during economic slowdowns, less profitable companies exit 
the market, go out of business, or are acquired by more successful firms. 

these mergers could not have occurred unless the governments of the 
relevant nations approved, or at least declined to intervene to prevent them.22 

antitrust regulations in the U.S. and europe meant that mergers were reviewed 
to ensure they did not unduly hamper competition. in europe, additional 
complications ensued because the mergers needed to create companies on the 
scale of the american behemoths had to cross national lines. no single european 
nation had a large enough aerospace industry to compare with the american 
domestic market. in both the U.S. and europe, many mergers occurred from 
the late 1940s through the 1960s, and then again in the 1990s and early 2000s. 
the truly massive companies that exist in 2006 came into being only after the 
dod—no doubt in consultation with other parts of the U.S. government—told 
the major aerospace companies in 1993 that now that the cold war had ended 
there was not enough business to support them all at the levels to which they 
were accustomed, that there would be fewer of them after a few years, and that 
the U.S. government would look favorably on consolidation.23 

observing events in the U.S., european aerospace officials in both private 
industry and government concluded that they could not compete with the U.S. 
unless they, too, allowed the formation of truly massive companies. By the early 
2000s, the european consortia and so-called national champion companies merged 
into the multinational aerospace companies eadS and alcatel, on scales nearly the 
size of Boeing and lockheed martin.24 one could argue that marxist dynamics 
apply—governments, responding to or in submission to the large companies, 
allow them to merge, though many of the conditions attached to various mergers 
somewhat weaken the argument. 

Below the giants are second-tier companies. these are often very large 
companies in their own right, often with significant or preponderant business 
interests outside of aerospace.in the U.S.,these include companies such as honeywell, 
well known for building thermostats for private homes but also a primary builder 
of avionic systems in aerospace; international Business machines (iBm), the 
world’s largest computer manufacturer; Bendix, supplier of a variety of electronic 

22. for a general discussion of these mergers prior to 1994, see Keith hayward, The World Aerospace 
Industry: Collaboration and Competition (london: duckworth & rUSi, 1994), chapter 3. 

23. Walter J. Boyne, Beyond the Horizons:The Lockheed Story (new York: St. martin’s press, 1998); John 
a. tirpak, “the distillation of the defense,” Air Force Magazine (July 1998), http://www.afa.org/ 
magazine/July1998/0798industry.asp (accessed 13 January 2007). 

24. european aeronautic defence and Space company, On the Wings of Time: A Chronology of EADS 
(2003).alcatel-lucent Web site, http://www.alcatel-lucent.com, (accessed July 2007). 
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components; litton, manufacturer of gyroscopes and other electronic systems; pratt 
& Whitney, builder of jet and rocket engines; rocket engine manufacturer aerojet; 
and a number of others. 

Some second-tier suppliers also build full systems as well as components.they 
are considered second-tier mainly because they are much smaller than the giants. 
orbital Sciences is a typical example, building small satellites and launchers. Ball 
aerospace, which is a part of the larger Ball corporation known to homemakers 
as the maker of fruit jars, has built many scientific satellites over the years and is a 
manufacturer of star trackers. 

Below the subsystem suppliers are component suppliers. these consist of 
hundreds of small companies, each of which typically specializes in a small set of 
products. examples include adcole, a well-known maker of sun sensors; eagle­
picher, the manufacturer of most space-qualified batteries; and moog, which 
manufactures actuators.25 

one can analyze the relative success of these tiers, as shown in figure 9.5. from 
1997 to 2002, second-tier companies in europe declined dramatically in comparison 
to first- and third-tier corporations, based on the political-economic dynamics of the 
mergers during that period. 

political factors influenced the formation of collaborations between private 
companies and with governments. european companies formed complex alliances, 
becoming official consortia starting in the late 1960s and 1970s to ensure that each nation 
that contributed to a space project’s funding would benefit by contracts to companies 
in their nations in return. in 1995, lockheed martin and rockwell international (later 
Boeing) created a joint venture known as United Space alliance to operate the Space 
Shuttle, as the U.S. government pressed for privatization of Shuttle operations. the 
fall of the Soviet Union presented new opportunities for multinational joint ventures 
between launcher companies and organizations, such as international launch Services 
(lockheed martin and Khrunichev State research and production Space center),26 

Starsem (arianespace, eadS, russian federal Space agency, and Samara Space 
center),27 and Sea launch (Boeing, rocket and Space corporation energia [rKK 
energia], Sdo Yuzhnoe [Ukraine], and Kvaerner aSa).28 these organizations, which 
had both russian and Western ownership, made it easier for the U.S. and european 
governments to purchase russian launches. Because Western companies profited by 
the purchase of russian launch services, purchasing the significantly cheaper russian 
launches was made more politically palatable. 

25. many examples of various-sized suppliers can be found in, for example, 2004 North American Space 
Directory, 7th ed. (Bethesda, md: Space publications llc, 2004), http://www.SpaceBusiness.com 
(accessed January 2007). Similar directories exist for europe. 

26. international launch Services Web site, http://www.ilslaunch.com/aboutus/legacy/ (accessed 13 
January 2007). 

27. Starsem Web site, http://www.starsem.com/starsem/starsem.html (accessed 13 January 2007). 

28. Sea launch Web site, http://www.boeing.com/special/sea-launch/ (accessed January 2007). 
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Europe Industry Structure 
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Figure 9.5—Turnover of first-, second-, and third-tier suppliers in Europe from 1996–2002 (Source: Eurospace). 

Some joint ventures, such as international launch Services, included 
government organizations as partners in a commercial enterprise. in other cases, 
such as arianespace, Spot image, and rKK energia, governments owned some 
shares in the otherwise private companies. in many of these cases, the owning 
governments turned over designs,hardware,or facilities to the company they owned, 
with the agreement that the private company merely had to cover the operational 
costs but not the development costs of the systems given to them. governments 
also create commercial arms of their organizations, such as antrix corporation, the 
commercial arm of india’s department of Space.29 

governments also hired or created nonprofit organizations to perform various 
functions related to space activities. in the U.S., the aerospace corporation and 
mitre corporation were both created with the guidance and approval of the U.S. 
air force (USaf) to provide “systems engineering and technical direction” to 
private contractors building space systems.the aerospace corporation, created in 
1960, performed these functions initially for the USaf ballistic missile programs 
and later for USaf space satellite programs.30 mitre did the same for electronics and 
command and control systems such as the complex built at cheyenne mountain, 
colorado, for the north american aerospace defense command (norad).31 

29. antrix Web site, http://www.antrix.gov.in/ (accessed 13 January 2007). 

30. the aerospace corporation, The Aerospace Corporation: Its Work, 1960–1980 (el Segundo, ca:the 
aerospace corporation, 1980). 

31. davis dyer and michael aaron davis, Architects of Information Advantage:The MITRE Corporation 
since 1958 (newport, ri: community communications corporation, 1998). 
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other nonprofit institutions were hired to perform functions normally run 
by government organizations, such as the california institute of technology’s Jet 
propulsion laboratory (Jpl), which was initially hired by army ordnance to build 
ballistic missiles. it then became, in effect, a naSa field center, building and managing 
most of naSa’s deep space probes and its deep Space network. Jpl often hired and 
managed contractors just as other true government organizations did.32 the Johns 
hopkins Universityapplied physics laboratory (apl) became a prime contractor both 
for the dod and for naSa,competing against profit-making corporations to integrate 
and operate satellites.33 the charles Stark draper laboratories of the massachusetts 
institute of technology built components, such as the apollo inertial guidance system, 
and Stanford University built the gravity probe B satellite for naSa. 

government space organizations also vary significantly from country to 
country.although many nations, including the U.S. and france, quickly centralized 
their civilian space programs, others, including Japan, canada, the Soviet Union, 
germany, and the United Kingdom, operated space programs for decades before 
creating national space agencies.many smaller nations continue to operate their space 
programs without a centralized civilian space agency. naSa initially centralized 
civilian space programs but,since the 1960s,other civilian and commercial institutions 
have gained access to, and eventually some control of, various space programs, such 
as the national oceanic and atmospheric administration’s (noaa) operation of 
weather satellites and some remote sensing satellites. 

military programs also showed a variety of institutional forms. generally 
speaking, tension existed between the civilian and military institutions and also 
between the regular armed services (army, navy,air force) and other military and 
intelligence institutions over control of space activities. in the U.S., the USaf was 
the predominant space organization but the army and navy retained significant 
programs; the intelligence agencies maintained significant interests and their own 
programs, either individually or shared with the military services. the dod 
established its own space organizations at times, such as the missile defense agency, 
the descendant of the Strategic defense initiative organization.early on, the Soviet 
Union created separate organizations to control many space activities as part of its 
Strategic rocket forces. in 2001 these became the Space forces. 

By the nature of the communist state, the Soviet Union developed all of its 
initial space programs as government institutions. initially these were “special design 
bureaus” (oKBs) that performed the research and development activities to create 

32. clayton Koppes, JPL and the American Space Program:A History of the Jet Propulsion Laboratory (new 
haven, ct:Yale University press, 1982). 

33. William K. Klingaman, APL—Fifty Years of Service to the Nation: A History of the Johns Hopkins 
University Applied Physics Laboratory (laurel, md:applied physics laboratory, 1993). 
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the novel technologies of ballistic missiles and spacecraft.the design bureaus were 
either newly created or modified from former scientific research institutes (niis). 
once designed, manufacturing of these systems was assigned to manufacturing 
facilities, most typically old World War ii plants. over time, alliances between the 
design bureaus and manufacturing plants stabilized, and in the 1970s they were 
combined into scientific-production associations (npos).With the collapse of the 
Soviet Union, some of these npos were privatized, such as rKK energia, while 
others remained government institutions, such as Khrunichev.34 

Sector View 

perhaps the most useful way to view space activities is by sector, which for the 
purposes of this paper is defined as an economic division in which the suppliers 
compete to provide a specific product line that consumers wish to purchase. Space 
transportation provides examples of how this definition applies.all spacecraft must 
be launched into space, and those who have spacecraft to place there are consumers 
of the space transportation product. at this level of analysis, all launch providers 
are potential suppliers to the spacecraft operators because spacecraft operators 
will generally investigate all possible suppliers and may ask for bids to launch. 
in responding to requests for bids, the launch providers must be aware of their 
competition and set their prices and services based partly on the potential prices 
and services of their competitors. this self-grouping of suppliers and consumers 
defines economic sectors. 

this seems straightforward, but there are always complications. in the 
transportation sector, although it is true that all suppliers are potentially competitors 
for all launches, in practice this is not the case. Some launches, such as U.S. military 
and intelligence satellites, can by law only be provided only by U.S. suppliers. Similar 
restrictions exist for military satellites of other nations. Some european civilian 
launches are restricted to using the ariane launcher, and so on.after the Challenger 
accident of 1986, the Space Shuttle was prohibited from commercial launches and 
soon the military pulled its payloads from the Shuttle as well. other limitations 
are technical. although, in principle, small satellites could be placed in orbit on 
any launcher (in some cases by multiple small satellites on a single launcher), large 
satellites can be put in orbit only by large launchers. only the U.S. Space Shuttle, 
the russian Soyuz, and the chinese long march can place humans in orbit. for 
some purposes we can consider space transportation a single sector, but in practice 
one can argue it consists of several subsectors that are semi-independent of each 
other. Similar reasoning applies to other sectors and subsectors. 

34. Siddiqi, Challenge to Apollo,table 3. 
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Figure 9.6—Space sector sizes, 2006.35 

politics is another reason to group economic activities by sector. in general, 
national laws and policies affect only one or two sectors. for example, a variety of 
laws and policies relate to the development of private remote sensing satellites and 
the regulations that govern sale of imagery from them.these laws have little or no 
bearing on other sectors. Similar sector-specific policies relate to transportation, 
navigation, communications satellites, and so on, making the sector view one of the 
most important ways of understanding economic activity. 

a quick tour of the major sectors provides a view of the scope and scale of 
space endeavors. figure 9.6 provides an estimate as of 2006 of the relative scale of 
the major space sectors. the most obvious deduction from this chart is that the 
communications sector is by far the largest, at roughly $83 billion. it is interesting 
that historical research into space activities gives little indication that this is the 
case, with the overwhelming majority of both academic and nonacademic writing 
focused on the human flight and science programs, with secondary emphases on 
satellite reconnaissance programs and space politics.the other large sectors are of 
approximately equal size:science (including both microgravity and physical sciences); 
navigation; human flight; intelligence, surveillance, and reconnaissance (iSr); and 
early warning (eW). remote sensing and meteorology, and transportation, are of 
roughly equal size, in the range of $5–$11 billion annual expenditures.technology 
research and development is in the $2–$3 billion per year range, and the insurance 
sectors are smaller, from $1–$2 billion annually. 

35. author’s estimate, based on assessment of several sources that are described in this chapter. 
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Transportation 
no spacecraft arrives in space unless transported there by some launch vehicle. 

launchers originally derived from ballistic missile designs and were therefore initially 
controlled exclusively by the military. By the late 1950s and early 1960s, however, 
both the Soviet Union and the U.S. realized that the initial ballistic missile designs that 
used liquid cryogenic propellants were poor choices for weapons, compared to solid 
and liquid storable designs. cryogenic systems using liquid oxygen provided greater 
performance and thus continued to be used to put spacecraft in orbit,whereas ballistic 
missiles switched to storable technologies that could be launched within minutes or 
seconds instead of the hours or days required for cryogenic systems. 

the connection of ballistic missile with space launcher technologies has 
remained a primary facet of space transportation politics and largely explains the fact 
that throughout the twentieth century no privately funded space launch system has 
succeeded, despite some attempts. governments have generally sought to develop 
launch technologies for both military and civilian purposes and have generally 
prohibited the export or sale of these technologies (or at least current versions of 
these technologies) to others.the U.S., in particular, has taken a variety of measures 
to prevent export of its own launcher technologies (with some exceptions, such as 
the sharing of delta launcher technology with Japan), and has also attempted to 
prevent the export of ballistic missile technologies by other nations, such as russia’s 
sale of KVd-1 rocket engines to india in the 1990s.36 

national control of launcher technologies is the only way to guarantee national 
access to space. no nation or group of nations that has long-term space ambitions or 
military interests in space can afford to rely solely onother nations toput their commercial 
or military payloads in orbit. europe developed its integrated launcher programs, first 
europa in the 1960s and then ariane in the 1970s, to ensure that it could launch its 
own commercial communications satellites in the face of american resistance. china’s 
ballistic missile and launcher programs derived from its desire for military, economic, 
and cultural independence from both Soviet and american models. 

the rise of a commercial space launch industry to provide space transport for 
private or semiprivate payloads posed problems for the national control idea. initially, 
naSa negotiated with other nations to provide launch services for their payloads, 
though its system of reimbursement was extremely cumbersome—continuing to bill 
nations for services months and years after their payload was launched, as naSa’s 
government accounting system figured out all of the expenses involved. naSa 
essentially purchased launchers from corporate manufacturers and then integrated 
the payload and launched the vehicles itself. in the 1970s, naSa promoted the 
Space Shuttle as a means to dramatically lower the cost of access to space, which 
forced european nations (then developing the ariane launcher through the eSa) 
to reconsider its organizational and pricing mechanisms. naSa’s advertised Shuttle 

36. Brian harvey,Russia in Space:The Failed Frontier? (chichester,U.K.:Springer-praxis, 2001),pp.257–260. 
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prices were based not on actual costs, but on a variety of mathematical models of 
future Shuttle operations as well as on the prices of expendable launchers such as 
delta and atlas, because the Shuttle had to charge less than these systems to make 
the Shuttle economically competitive.this, of course, would put american vendors 
of expendable launch vehicles (martin marietta, mcdonnell douglas, and general 
dynamics) out of business,while europe would have to meet the challenge of Shuttle 
pricing even if it meant selling ariane launches at a loss. Both sides preemptively set 
very low initial prices as a means to lure customers to their vehicles.37 

these policies clashed with the ronald reagan administration’s ideology 
of the superiority of free enterprise over government activities. although naSa 
aimed to lure all payloads to the Shuttle (hence, putting all other competitors out 
of business), the reagan administration and the europeans worked to develop and 
promote private industry.the europeans created arianespace, the first private space 
launch company, though it was partially owned by european governments and 
only manufactured and operated vehicles whose development was fully funded by 
the eSa. the reagan administration sanctioned the development of commercial 
launchers, to be licensed by the department of transportation (not naSa) only 
after the government-funded manufacturing infrastructure was sold back to industry. 
commercial launches would not be viable if the Shuttle delivered on its promise 
of cheap and reliable space access. Unfortunately for naSa, the Shuttle never did 
achieve these goals, and the reagan administration pressed naSa to set its prices 
closer to the actual Shuttle costs.the coup de grâce was the Challenger accident of 
January 1986, which ultimately led the reagan administration to prohibit naSa 
from commercial launches. this, along with other regulations that loosened the 
military’s grip on the contractors, paved the way for the emergence of american 
commercial launch companies to compete with arianespace.38 

Unfortunately for all Western nations, in the late 1980s and early 1990s the 
collapse of the Soviet Union and china’s first steps to earn cash from the West 
meant that russian and chinese organizations began to offer launch services as 
well. due to the very low wages in both nations, both could offer their launchers 
at very low prices that could still earn huge profits while remaining far below 
Western costs. left unhindered, they would destroy the american and european 
commercial launch industries (the noncommercial launch industry would still 
survive by guaranteed launches from domestic markets). american policy makers 
faced the dilemma of wanting to integrate the chinese, and especially the russians, 
into the capitalist system to stabilize the russian economy and bind russia to the 
West, while simultaneously trying to protect the Western space launch industry and 
enable cheaper launches for the american communications satellite industry. 

37. J. Krige,a. russo, and l. Sebesta, History of the European Space Agency 1958–1987, Vol. 2,The Story 
of ESA 1973-1987 (noordwijk,the netherlands: eSa Sp-1235, 2000), chapter 11. 

38. Joan lisa Bromberg, NASA and the Space Industry (Baltimore, md: Johns hopkins University press, 
1999), chapter 6. 
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two solutions prevailed.the first was to sign agreements with china (1989), 
russia (1992), and Ukraine (1995) to place a quota on the number of chinese, 
russian, and Ukrainian commercial launches and ensure that they charged prices 
comparable to Western companies. put bluntly, the U.S. forced chinese, russian, 
and Ukrainian companies to charge high prices and make very large profits so as not 
to tempt american and other satellite operators to choose exclusively non-Western 
launchers.39 for russia and Ukraine, this policy came to an end in the early 2000s. 

the second solution was the integration of russian, Ukrainian, and Western 
companies into corporate joint ventures so that russian companies could bid for 
Western launches; the russians could learn how to do business with the West; and 
to ensure that some of the money going for russian launches benefited Western 
companies. this resulted in a number of joint ventures, including international 
launch Services (lockheed martin and Khrunichev), Sea launch (Boeing, rSc 
energia, Kvaerner,Yuzhnoe), Starsem (eadS, arianespace, russian federal Space 
agency, and Samara Space center), and eurockot (eadS and Khrunichev).40 

Spurred by the prospect of hundreds of satellite launches for medium-earth orbit 
constellations of communications satellites, a number of purely private companies 
formed in the middle to late 1990s to build space launchers.companies such as Kistler, 
Beal aerospace, pioneer rocketplane, and rotary rocket spent tens and hundreds of 
millions of dollars before the bottom fell out of the prospective satellite boom in 1999 and 
2000. most of the companies went under, and those that remained sought government 
funding to survive. the november 2005 announcement by naSa administrator 
michael griffin that private companies could bid for government contracts to deliver 
water and other bulk materials to space provided some encouragement to these efforts, 
but as of 2007 the result of this program is yet to be seen.41 

in the United States, U.S. military funding on the procurement and operation 
of military launchers exceeded $1.4 billion in 2006.42 the eSa’s 2006 budget 

39. “memorandum of agreement Between the government of the United States of america and the 
government of the people’s republic of china regarding international trade in international 
launch Services,” 26 January 1989, document iii-24, in Exploring the Unknown,Volume IV:Accessing 
Space, John m. logsdon, ed., et al. (Washington, dc: naSa Sp-4407, 1999), pp. 497–502. 

40. roger handberg, International Space Commerce:Building from Scratch (gainesville,fl:University press 
of florida, 2006), pp. 106–109. 

41. andrew J. Butrica,“reusable launch Vehicles or expendable launch Vehicles? a perennial debate,” 
in Critical Issues in the History of Spaceflight, Steven J. dick and roger d. launius, ed. (Washington, 
dc: naSa Sp-2006-4702, 2006), pp. 319–320; Reusable Launch Vehicle Programs and Concepts 
(Washington, dc: associate administrator for commercial Space transportation, January 1998). 
See also various articles in Space News in the late 1990s and early 2000s on the various commercial 
vehicles. michael d. griffin,“naSa and the Business of Space,” speech to american astronautical 
Society 52nd.annual conference, 15 november 2005. 

42. U.S. government Budget, 2006. Budget of the United States government, Washington, dc: 
government printing office. it can be found online at http://www.gpoaccess.gov/usbudget/, accessed 
January 2007. evolved expendable launch Vehicle acquisition $864.4; medium launch Vehicles 
acquisition, $111.2 million; Space launch operations & maintenance, $443.4 million. 
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allocated roughly €531 million ($640 million) for launchers, primarily the ariane 
and Vega programs.43 naSa has invested hundreds of millions of dollars per year 
on launchers in some years, particularly in the 1990s and early 2000s, such as its 
$284 million spent in 1997 on reusable launch vehicles, and the later Space launch 
initiative; however, by 2006 its launcher funding was going into the crew launch 
Vehicle, or ares i program, in support of human flight. 

Technology Research and Development 
the research and development sector is characterized by a confusing 

competition among government, academic, corporate, and nonprofit organizations 
for research and development (r&d) funding. it is a specific sector because these 
funds are largely dispersed by government organizations with their own separate 
budgets allocated for the purpose of developing new technologies.the dod and 
naSa dominate these funds in the U.S., whereas their equivalents in other nations 
distribute these moneys according to equivalent procedures. Within the dod, 
research appears in the research, development, test, and evaluation (rdt&e) 
budgets. research is allocated in Basic research and applied research funds, 
whereas development funding appears in advanced technology development, 
advanced component development and prototypes, and System development and 
demonstration, with other related support showing up in rdt&e management 
Support line items.44 Within naSa, these funds have historically been in the office 
of aerospace research and technology budgets and their predecessors, though as of 
2007 these are now folded into exploration, Science, and operations budgets. 

in the former Soviet Union, competition existed among the scientific research 
institutes such as mstislav Keldysh’s nii-1, which performed aerodynamic research, 
and the various development design bureaus. this competition was just as stiff 
and certainly more devious than in the U.S., due to institutional secrecy and the 
Byzantine nature of the Soviet state. 

competition for technology r&d funds is fierce, but typically government 
funding is restricted to domestic suppliers due to the criticality of technology 
development for national economic and strategic aspirations. Since the bulk of 
these funds are distributed by governments, government institutions have priority 
access to these funds when they believe they should run the program. in the U.S., 
government policy dictates that the majority of funding should go to industry, 
but because governments must also train their personnel, technology r&d is a 
prime location to gain experience. University researchers have obviously been 
strong competitors for technology r&d funding, since their jobs require them to 

43. peter B. de Selding, “eSa Budget emphasizes independence, Satcom technology, Space News (23 
January 2006). 

44. See U.S. government Budget, department of defense, for these categories. 
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advance the state of the art. Similarly, nonprofit institutions such as the aerospace 
corporation and the mitre corporation need to keep their knowledge at the 
state of the art, and they perform a variety of technology r&d studies. finally, 
corporations compete for these same funds, winning a significant proportion of 
them while also committing their own. 

outside of the U.S., similar dynamics apply, though the separation between 
government and industry is often less clear. it is notable that in europe all member 
states contribute to technology r&d programs and all member states benefit.this 
is one major exception to the usual policy of restricting technology development 
funding to domestic suppliers only.45 

in 2006, dod Basic and applied research Budgets allocated more than $520 
million to space technologies, with $223.8 million of that budget coming from the 
defense advanced research projects agency.this does not account for U.S.army and 
U.S. navy basic and applied research into space technologies, which are not readily 
apparent from the top-level budget figures given by the U.S.government.naSa set aside 
$693 million for exploration Systems research andtechnology and $624.1 million for 
human Systems research andtechnology in its 2006 budget.46 the eSa’s 2006 budget 
allocated roughly €126 million ($152 million) for technology development.47 

Astronomy and Planetary Science 

astronomy has been a popular topic for centuries,as it has dealt with fascinating 
questions such as the nature of the universe, its history, and earth’s (and hence 
humanity’s) place in the cosmos. Satellites to observe the cosmos (with the hubble 
Space telescope being the most famous) and probes to visit other planets (such as 
Voyager’s flybys of Jupiter, Saturn,Uranus, and neptune) have been among the most 
captivating space programs. as such, they have garnered political support to entice 
young people into science, engineering, and mathematics, and hence to improve 
the technological competitiveness of the U.S. naSa’s educational programs feature 
large doses of space science. 

another major use of space science has been as a political diplomatic tool. 
during the international geophysical Year of 1957–1958, the early U.S. space 
program was used explicitly as a means to improve foreign relations with allies, 

45. roger m.Bonnet and Vittorio manno, International Cooperation in Space:The Example of the European 
Space Agency (cambridge, ma: harvard University press, 1994), p. 25. 

46. president’s fY 2007 Budget request for naSa,naSaWeb site, http://www.nasa.gov/about/budget/ 
(accessed february 2007). 

47. peter B. de Selding,“2006 eSa Budget emphasizes independence, Satcom technology,” Space News 
(23 January 2006). 
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while at the same time paving the way for overflights of reconnaissance satellites 
over the Soviet Union. during the late 1950s and 1960s, the space race between the 
U.S. and the Soviet Union included the so-called robotic races—first to the moon 
and then to Venus and mars.the winner of these races accrued benefits in national 
prestige and perceived technological prowess, a proxy for the long-term viability 
and strength of the capitalist and socialist visions. 

naSa’s charter explicitly included international cooperation, and under 
international programs chief arnold frutkin, in its early years created dozens of 
agreements and cooperative programs with nations around the world as an active 
element of american foreign policy.these initiatives included free launches of foreign 
scientific payloads; foreign instruments on american scientific satellites and vice versa; 
establishment of communications ground stations for scientific satellites; and a variety 
of other scientific information exchanges. not to be outdone, the Soviet Union ran 
similar programs for its socialist allies, and soon for capitalist or nonaligned nations 
to woo them away from american interests. europe, through the european Space 
research organisation (eSro), and later the eSa, made space science part of its 
mandatory program that all member states had to support.48 from the inception 
of the Space age, and even before, space science has been a popular, cooperative 
diplomatic tool, which helps to explain its significant and stable funding. 

corporations typically (though not always) build the satellites, whereas 
academic, government, and corporate researchers usually build the instruments 
placed on-board. With relatively few spacecraft put in orbit, the competition to 
build the satellites and the instruments has always been fierce. corporations like to 
build science-craft because it provides an opportunity to advertise their capabilities 
in ways not possible with often-secret military programs. for scientists, getting an 
instrument in space can make or break their careers and reputations. 

though the politics of determining the relative priorities and funding of space 
science programs has made or broken the hopes of many scientists, total space science 
funding has remained fairly stable over the years, and by 2006 reached roughly $6–$7 
billion worldwide.this stability owes much to the use of science as a diplomatic tool, 
since it is much more difficult to cancel a program that has foreign partners.49 

48. roger m.Bonnet and Vittorio manno, International Cooperation in Space:The Example of the European 
Space Agency (cambridge, ma: harvard University press, 1994), chapter 2. 

49. John Krige,“the european Space System,” in John Krige and arturo russo, Reflections on Europe in 
Space (noordwijk,the netherlands: eSa hSr-11, January 1994), pp. 7–8. 
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Communications 

as early as 1945, when arthur c. clarke first published a paper proposing 
the use of the geosynchronous orbit as promising location for telecommunications 
satellites, the potential utility and profitability of space communications beckoned. 
military,civilian,and commercial organizations all began to develop communications 
satellites in the U.S. by the early 1960s. 

all of the military services had interests in communications satellites (comsats) 
for command and control, as part of a worldwide military communications system. 
in part responding to Kennedy administration concerns about the potential that 
at&t would extend its communications monopoly into space by developing a 
purely private system, naSa funded its own experimental satellites.at&t’s launch 
of telstar in 1962 fueled these government fears, leading to the passage of the Satellite 
telecommunications act of 1962 that created communications Satellite corporation 
to build and manage the international satellite communications system. military 
and naSa funding built several strong competitors to at&t, including hughes 
aircraft corporation, philco corporation, and radio corporation of america.the 
successful 1963 launch and operation of hughes’s naSa-funded Syncom satellite 
proved the viability of geosynchronous telecommunications satellites. the U.S. 
then opened negotiations with european nations, canada, and Japan regarding the 
management of the international telecommunications system.50 

although the U.S. wanted to negotiate on a bilateral basis with each nation, 
the europeans quickly banded together to negotiate with greater strength as a 
group, forming the european conference for Satellite telecommunications (french 
acronym cetS) in 1963. the resulting negotiations created the international 
telecommunications Satellite organization (intelsat) the next year, with 
communications Satellite corporation as the organization’s manager.though the 
americans dominated intelsat in the 1960s, the europeans acquired one major 
concession—to renegotiate intelsat’s terms in 1971. in the meantime, the United 
Kingdom, germany, france, and italy began development of their own national 
satellite programs, while working through cetS and eSro to create an integrated 
european satellite program.51 

during this period, the U.S. had monopoly power over spacecraft launches, 
and U.S. policy dictated that the U.S. would not launch any satellite that threatened 
intelsat’s international monopoly. “experimental” satellites were launchable, but 

50. david J.Whalen, The Origins of Satellite Communications 1945-1965 (Washington, dc: Smithsonian 
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not regional or international systems. convinced that the U.S. was attempting to 
retain control of satellite telecommunications, the europeans, led by france, pushed 
to develop their own launcher to ensure that european comsats would get to orbit. 
Ultimately, this resulted in the development of the ariane and was a major factor in 
the negotiations that led to the creation of the eSa. intelsat’s permanent agreement 
of 1973 reallocated shares in intelsat based on actual usage of the system, and allowed 
for regional as well as domestic systems.american shares shrank from more than 50 
percent to the range of 25 percent to 30 percent, and hence control of intelsat passed 
out of american hands by the late 1970s. eSa began development of the orbitaltest 
Satellite, the first of several eSa-developed systems from that time forward.52 

from the 1970s through the 1990s, many nations built or purchased comsats 
for domestic purposes, while several private companies orbited systems that leased 
transponders to government and private customers. the growing demand led to 
many negotiations over the use of the frequency spectrum through the international 
telecommunication Union (itU). nations own the spectrum rights and 
geosynchronous orbital slots, and thus this provided a mechanism for governments 
to control both government and corporate uses of space communications. many 
countries ensured that their domestic systems were government-owned or ­
controlled. the most profitable use of comsats turned out to be direct broadcast 
television, with companies such as directV, echostar, and SeS selling dozens and 
eventually hundreds of broadcast channels directly to millions of consumers.direct­
broadcast radio, led by Xm, Sirius, and Worldspace, began in 1998 and was growing 
rapidly by the first decade of the twenty-first century.53 

mobile communications for ships, aircraft, and eventually telephones and 
computers began from military experiments in the U.S. Systems such as tactical 
Satellite (tacSat), launched in 1969, proved the concept of using relatively small 
ground antennas that could be ported on ships, trucks, and other vehicles.the U.S. 
and Soviet navies desperately needed such systems for fleet communications, and 
merchant ships would also be obvious beneficiaries.54 the international maritime 

52. ibid., and a. russo, “the early development of eSro’s telecom programme and the otS 
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communications Satellite organisation (inmarsat) was established in 1976 to 
provide worldwide mobile commercial service for shipping. Unlike intelsat, in 
which the Soviet Union and other communist-bloc nations refused to participate, 
the Soviet Union and other socialist countries became members of inmarsat.55 

in the 1990s, iridium, globalstar, and ico developed large constellations of 
medium-earth orbit comsats to provide worldwide mobile telephone and data 
services. By the first years of the twenty-first century, all three systems had been 
deployed and all three companies had gone bankrupt after raising and spending 
billions of dollars; they had overestimated the demand for global service and 
underestimated the competition from ground-based cellular telephone systems.56 

Both ground-based and space-based private competition put pressure on the 
international and domestic government systems,making some of them economically 
obsolete. Both intelsat and inmarsat were privatized in response to U.S. demands; if 
these systems wanted to compete for domestic U.S. business, they could no longer 
be owned by governments.57 however, military demand continued to grow rapidly, 
leading to the leasing of many commercial transponders for military purposes and 
the development of more-capable military systems that were less susceptible to 
jamming or radiation effects (such as milstar), and with greater bandwidth to send 
imagery and intelligence data from reconnaissance and intelligence satellites and from 
various sensor systems to military users around the world.58 in 2006, the dod was 
budgeted more than $2.9 billion to develop and acquire communications satellites,59 

and more than $340 million to procure USaf and U.S.army satellite communications 
ground terminals.60 precise numbers to operate military communications satellites are 
difficult to estimate from the dod overview budgets, but are certainly in the hundreds 
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of millions of dollars per year.61 By 2005, the satellite communications sector was more 
than $80 billion annually—by any estimate, the largest space sector by a wide margin.62 

Reconnaissance and Remote Sensing 

the technologies of reconnaissance and scientific or commercial remote sensing 
are essentially the same, though the specific characteristics of the sensors vary depending 
on what the satellite is trying to sense. high-resolution, often black-and-white 
(panchromatic) imagery tends to be most useful for intelligence gathering, whereas 
lower-resolution color (multispectral) imagery is useful for environmental monitoring. 
monitoring of volcanoes, clouds, ice, ocean, and land features are each optimized with 
the use of different portions of the spectrum,with infrared bands looking for heat sources 
best for volcanic activities, and various shades of green for vegetation monitoring, for 
example. high-resolution imagery is not particularly useful to monitor large-scale 
weather fronts but it is crucial to differentiate one kind of airplane from another. 

military and intelligence organizations developed the first reconnaissance 
systems, starting in the mid-1950s with the USaf’s WS-117l, which led to the 
central intelligence agency (cia)-sponsored corona and the air force SamoS 
projects.the eisenhower administration secretly created the national reconnaissance 
office in 1960 to manage the spy satellite programs.63 also in the late 1950s, the 
U.S.army began to investigate weather satellites, but these study results and projects 
were soon transferred to naSa, becoming the tiros program, first launched in 
1960.the USaf, needing weather imagery over the Soviet Union to better utilize 
corona, created what was eventually called the defense meteorological Satellite 
program (dmSp).64 the Soviet Union created its equivalent systems, Zenit (based 
on the Vostok capsule) for reconnaissance, and meteor for weather.65 

61. these U.S. government 2006 budget figures are part of the operations and maintenance budgets, 
including the U.S. navy’s $156.8 million for Space Systems and Surveillance; the USaf’s c3i 
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classified reconnaissance programs evolved rapidly in both the U.S. and Soviet 
Union. early systems generally used film that had to be returned to earth, which 
meant that space reconnaissance required many launches every year. in 1977, the 
first american Keyhole (Kh)-11 satellite was launched.this program helped create 
charged-coupled device (ccd) technology that allowed for digital capture and 
radio transmission of imagery to earth.66 the Soviet Union soon followed this lead, 
as its Yantar series evolved to include Yantar terilen, the first Soviet satellite with 
electro-optical capabilities, first launched in 1982.67 china began development of 
its own reconnaissance systems by the late 1970s,68 and other nations such as france 
and israel developed their own reconnaissance systems by the 1990s. many nations 
now have access to american high-resolution commercial satellite imagery, which 
became available in 1999 with the launch of Space imaging eoSat company’s 
ikonos 1, which provided ~3-foot (1-meter) resolution. these companies have 
remained viable only through major government imagery purchases and direct 
subsidies for satellite development. the costs of classified reconnaissance systems 
remain classified,but some estimate that the funding of the national reconnaissance 
office, which manages U.S. imagery intelligence, exceeds $7 billion per year in the 
early twenty-first century.69 the costs of the U.S. reconnaissance program in the 
1960s may have ranged in the same order of magnitude as the apollo program, 
which totaled roughly $21 billion in then-year dollars. 

the development of commercial remote sensing began with naSa’s landsat 
program (first launch 1972, final launch of landsat 7 in 1999), a civilian project to 
provide satellite imagery of landforms and vegetation for scientific purposes. the 
program soon developed a clientele of users that included mining companies, land 
use planners, and others who were not scientists.70 these commercial applications 
lent weight to arguments to privatize landsat. congressional legislation led to 
the privatization of landsat operations in 1985 by the earth observation Satellite 
company (eoSat). certain conditions of the legislation hampered eoSat’s 
business activities, while the large increase in image prices alienated landsat’s 
scientific clientele. congress repealed the legislation in 1992, returning control of 
landsat to the government but also creating procedures for companies to develop 
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commercial high-resolution remote sensing, which eoSat and others quickly 
pursued. this was spurred by the success of international competitors, such as 
france’s Satellite pour l’observation de la terre (Spot), first launched in 1986; 
india’s indian remote Sensing (irS) satellites (1988); and others, all of whom sold 
imagery on the commercial market.71 

france and india sold Spot and irS imagery, respectively, through private 
companies Spot image and antrix, respectively, but these companies did not have 
to develop or launch the spacecraft. other nations sold the imagery directly from 
government organizations. commercial remote sensing has thus developed as an 
international competition among governments and government-supported private 
companies. none of the organizations makes enough revenues from imagery sales 
to fund the development of the satellites, but the imagery sales have defrayed some 
small fraction of government costs. commercial space imagery sales worldwide 
in 2004 were less than $600 million annually, while reconnaissance satellites cost 
several hundred million each.72 

despite the unpromising economics, when the U.S. in 1992 created provisions 
for private companies to build high-resolution remote sensing satellites, several 
companies jumped at the opportunity.the first high-resolution commercial remote 
sensing satellite, ikonos, was orbited in 1999, with two other companies following 
soon thereafter. however, the revenues from imagery sales never met expectations, 
and survival of the american commercial companies depended on large government 
contracts for imagery and also for direct government subsidies to fund their next-
generation satellites.the national geospatial intelligence agency obligingly awarded 
imagery contracts, and then provided $500 million manufacturing subsidies, to 
digitalglobe in 2003 and to orbimage the next year, but not to eoSat, leading to 
orbimage’s purchase of eoSat to form geoeye.73 

most users are not able to use raw remote sensing images. instead, the so-called 
value-added services sector processes raw imagery and adds other information to make 
it useful.this sector is usually estimated as having revenues an order of magnitude 
larger than the raw imagery market. numerous small companies create and market 
to the many small niche markets providing processed imagery to government, 
scientific, and commercial users, often through geographic information Systems.74 
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governments have borne the entire costs of weather satellites throughout 
their history, and thus have provided a steady demand for these systems and several 
hundred million dollars annually worldwide for their development and operation. in 
the United States, the U.S.army started such work but soon transferred it to naSa, 
where it became the tiros series, first launched in 1960.that same year, the corona 
program finally succeeded in taking images of the Soviet Union, finding out that 
much of its precious film recorded cloud tops.this led the national reconnaissance 
office and the USaf to develop what eventually became known as the defense 
meteorological Satellite program (dmSp), initially derived from the tiros design. 
organizational issues plagued the civilian program because naSa specialized 
in satellite development, but the users of satellites were in the national Weather 
Service (nWS).naSa preferred to push the technological envelope,whereas nWS 
forecasters wanted a reliable system that typically used tried-and-true techniques. 
thus, in the mid to late 1960s, while naSa developed nimbus satellites, the nWS 
purchased systems derived from the military’s dmSp due to their perceived greater 
operational utility and proven design.these same issues continued to characterize 
relationships between naSa and the user community, and continued through the 
development of the geostationary operational environmental satellites and polar 
operational environmental satellites. all the while, the possibility of combining 
military and civilian systems continued, leading in the 1990s to the decision to 
create the joint civilian-military national polar-orbiting environmental Satellite 
System (npoeSS), scheduled to launch in the early twenty-first century.75 

in 2006,noaa was funded to spend $782 million to acquire weather satellites, 
another $97 million to operate them, $53 million to distribute data, and $11 million 
to integrate landsat sensors onto npoeSS.76 that same year, the USaf spent an 
additional $323 million on npoeSS and $71 million on dmSp.77 

other nations recognized the practical utility of weather satellites and developed 
their own, starting with the Soviet Union’s meteor program, the first of which 
launched in 1964. europe, through the eSa, developed its meteosat series, first 
launched in 1977, and eventually operated through eumetsat, established in 1986. 
india combined weather observation with communications in its indian national 
Satellite series, while Japan developed its geostationary meteorological Satellites 
and china its feng Yun series.the coordination of geostationary meteorological 
Satellites (cgmS) organization formed in 1972 to coordinate worldwide satellite 

75. frederik nebeker. Calculating the Weather: Meteorology in the 20th Century (new York: academic 
press, 1995). 

76. r. cargill hall,“a history of the military polar orbiting meteorological Satellite program,” Quest 
9/2 (2002): pp. 4–25. Budget data from 2006 noaa budget, available on noaa Web site, http:// 
www.corporateservices.noaa.gov/~nbo/ (accessed January 2007). 

77. U.S. government Budget, 2006. dmSp figures are $67.2 for procurement and $3.908 million for 
rdt&e management Support. 
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weather monitoring from geostationary satellites.in 1992 the organization expanded 
its purview to include polar-orbiting satellites, and became the coordination group 
for meteorological Satellites.among other activities, the group coordinated the use 
of one nation’s satellite when another nation’s satellite had problems.78 

Electronic Intelligence and Early Warning 

closely related to imagery collection is electronic data collection,which gathers 
data from various nonvisible portions of the electromagnetic spectrum.these data 
can be used for strategic assessments of national capabilities or for tactical military 
purposes. Strategic uses, such as intelligence gathering by the U.S. national Security 
agency and its russian equivalents, remain highly classified; they started in the 
early 1960s.tactical uses include monitoring of shipping and naval signals, as well 
as strategic early warning systems that monitor infrared signatures of ballistic missile 
launches or actively send radar signals to reflect off targets. another application 
is the tracking of objects in space, which is necessary to distinguish between a 
ballistic missile and a meteor hitting earth. in all cases, these are purely government-
controlled functions. the U.S. contracted to industry for the satellites while the 
government operated them, whereas the Soviet Union and later russia developed 
and operated its systems purely through government organizations.79 

electronic intelligence-gathering budgets, like the satellite programs themselves, 
remain classified, so their costs remain highly speculative. Some analysts estimate their 
costs in the range of $3 billion per year in the U.S.and presumably significantly lower in 
russia.80 naval reconnaissance systems, such as the americanWhite cloud system or 
the russian eorSat, also remain classified, along with their funding. early warning 
systems, by contrast, have official published budgets in the U.S.published figures from 
the 1960s through the mid-1980s show early warning budgets ranging from a low of 
$45.6 million in 1967 to $707.2 million in 1984.81 in 2006, the USaf budgeted $1.21 
billion on procurement of early warning and space tracking systems.82 
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Weapons 

Space weapons refer on one hand to ballistic missiles, and on the other 
to weapons to destroy ballistic missiles (antiballistic missile system) and satellites 
(antisatellite systems).as with intelligence-gathering satellites, space weapons have 
been the exclusive domain of governments, with the exception of contracting 
to industry in Western nations. the very first space expenditures were for the 
development of ballistic missiles, which received major funding first in nazi 
germany in the mid-1930s, and by the mid to late 1940s in the U.S. and Soviet 
Union, followed quickly by great Britain and france, and somewhat later by 
many other nations including china, india, pakistan, iran, north Korea, and 
others. even though some of the budget figures for ballistic missile, antiballistic 
missile, and antisatellite programs are unclassified, working through the maze 
of government budgets to determine actual spending on space-related research, 
development, facilities, and operations is not trivial. 

one significant exception is the budget of the missile defense agency, the 
descendant of the 1980s Strategic defense initiative organization. from a budget 
of $1.6 billion in 1985, the agency’s budget jumped to $7.8 billion in 2002 and 
remained in the $7 to $9 billion range through 2006 as the george W. Bush 
administration began to deploy a national missile defense system in alaska. 

Ballistic missiles consumed enormous amounts of funding in the U.S. and 
Soviet Union in the 1950s and 1960s in particular, leveling off somewhat in the 
1970s and 1980s, and declining significantly after the end of the cold war in the 
1990s and early twenty-first century. for example, in 1959, the atlas, titan, and 
minuteman programs consumed $1.321 billion, which, when converted to 2006 
dollars, is equivalent to more than $7 billion.83 and that is not all, as in that year 
there were several other ballistic missile programs ongoing, including the navy’s 
polaris, the army’s corporal, redstone, and Sergeant systems, and the USaf’s thor 
intermediate-range Ballistic missile. By contrast, in 2006, the USaf spent $791 
million on intercontinental ballistic missile acquisition84 and the U.S. navy spent 
$936.1 million on trident ii submarine-launched ballistic missile modifications and 
another $830 million to operate its fleet ballistic missile systems.85 

83. data from Jacob neufeld, Ballistic Missiles in the United States Air Force 1945–1960 (Washington, 
dc: office of air force history, 1990), pp. 198, 229. atlas: $641.5, titan $495.4, minuteman 
$184 (all in millions). 

84. U.S.government Budget,2006.USaf minuteman iii modifications, $672.6;missile replacement, 
$41.6; icBm rdt&e, $44.67; icBm components, $32.42 (all in millions). 

85. U.S. government Budget, 2006. 
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Navigation 

Satellites assist navigation on earth by providing targets with known positions 
in space, from which objects on earth can triangulate their position. this was 
particularly useful for naval operations, where navigation on featureless oceans has 
historically been particularly difficult. however, given sufficient reliability, accuracy, 
and timeliness, it is also useful for movement of vehicles and people on land and 
in the air.the first application of satellite navigation was for american and Soviet 
submarines to determine their positions with sufficient accuracy such that their 
nuclear-tipped ballistic missiles could hit cities in the opposing countries. for this 
purpose, the U.S. navy funded the transit program, the first satellite of which 
launched in 1960. the Soviet Union countered with its tsiklon satellites, first 
launched in 1967. Both systems provided two-dimensional (not vertical) accuracy 
of several hundred feet, with update rates on the order of tens of minutes in the 
worst case. this was sufficient for slow-moving naval vessels but not fast-moving 
aircraft at various altitudes.86 

naval success spurred further studies and research,leading both nations to create 
more capable navigational systems. in the U.S., the tri-service global positioning 
System (gpS) program began in 1973, with its first experimental satellite launch in 
1978.the full 24-satellite constellation was not operational until 1995.the Soviet 
Union’s equivalent, the global navigation Satellite System (glonaSS),put its first 
satellite into orbit in 1982, with its full 24-satellite constellation in place in 1996. 
While the U.S. maintained its gpS constellation, russia was unable to maintain 
its glonaSS constellation, with only 14 satellites operating by late 2005.87 the 
transit system was relatively cheap,with acquisition costs at roughly $20–$30 million 
per year in the 1960s.88 gpS is much more capable and also much more expensive. 
in 2006, the USaf budgeted $719.6 million for acquisition of gpS satellites, which 
primarily paid Boeing for the latest generation of Block 2f satellites.89 

the military uses of the satellite navigation systems were obvious and crucial,and 
soon expanded to include aircraft and land force positioning, and precision-guided 
weapons.the use of gpS has been a key element in the dramatic enhancement 
of U.S. military capabilities so apparent from the two iraq wars in 1991 and 
2003. certain civilian and commercial uses were also clear from the beginning, 
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such as for merchant shipping, air transport, and air traffic control. however, the 
military did not expect the tremendous surge in commercial applications that 
blossomed in the 1990s and 2000s. once in place, the satellite navigation signals 
were essentially a free resource that individuals and commercial firms could tap 
into for their own uses simply by purchasing the appropriate receivers. receiver 
sales were roughly $800 million in 1994; by 2005, estimates of gpS equipment 
sales ranged from $5 billion to $22 billion, with american and foreign firms 
splitting the market roughly 50-50.90 

Such a wide discrepancy in estimates says much about the difficulty of 
estimating the size of this market. however, it should be noted that, historically, 
many if not most estimates of current and future commercial space market sizes 
have been overestimated. for gpS in particular, the market estimate depends a 
great deal on what is counted. for example, for a precision weapon, does the 
entire weapon count or merely the gpS receiver in the weapon? for a handheld 
cellular phone or a gpS fish finder with a gpS chip, does the entire phone or fish 
finder count or merely the gpS chip? there are many ways to estimate the entire 
market size, each of which starts with different assumptions and yields radically 
different answers.91 

By 2006, with gpS receivers available for under $100 and packaged in many 
products, commercial uses included car and boat navigation, surveying, animal and 
child tracking,cellular telephone positioning,and various recreational purposes such 
as locating precise positions and distances on a golf course or fish finders on lakes. 
civilian purposes grew to include various emergency services such as fire, police, 
and search and rescue, and scientific research in geodesy and geology. civilian and 
commercial applications dwarfed military ones in terms of receiver sales by the early 
twenty-first century. 

europe and china were the first to develop space-based navigation capabilities 
independent of the old superpowers. china launched three Beidou satellites in 2000– 
2003, most likely to support its small intercontinental ballistic missile force. in 2002, 
the europeans began development of the galileo system, but as a civilian commercial 

90. office of Space commercialization, Trends in Space Commerce, prepared by futron corporation 
(Washington, dc: department of commerce, 2001).the high estimate, $13 billion, comes from the 
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htm (accessed 28 december 2006).the low estimate, $4.8 billion, comes from international Space 
Business council,2004 State of the Space Industry (Bethesda,md:international Space Business council, 
february 2004), p. 23.the $22 billion figure comes from aBi research, in Space foundation, The 
Space Report 2006 (colorado Springs, co: Space foundation, 2006), footnote 262. 
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such as garman and trimble, to compare with other estimates that add up the total number of cars 
produced, for example, and estimating the percentage of those cars that have gpS receivers. 
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venture.the gpS signal is free but potentially interruptible should the U.S. deem it 
necessary, whereas the galileo system would provide coarse signals for free but could 
provide higher-precision signals (for a price) to users.china, israel, india,Saudiarabia, 
Ukraine, and morocco have decided to participate in the program as well, making it 
a global venture to ensure independence from the U.S.the project, as of 2006, was 
projected to cost some €3.8 billion, with european costs split 50-50 between the 
european commission transport directorate and the eSa. germany is the largest 
single national contributor, with some €500 million committed to the project.the 
funding goes primarily to a european industrial consortium,galileo industries,which 
consists of eadS, alcatel Space, and alenia Spazio. the first galileo experimental 
satellite went into orbit in december 2005.92 

Several nations, including the U.S.,europe, Japan, and india, developed systems 
to augment the capabilities of the gpS.the U.S.Wide area augmentation System 
was developed to aid precision flight approaches. europe deployed the european 
geostationary navigation overlay System. Japan placed navigational capability in 
its multi-functional transport Satellite, which is primarily a meteorological satellite, 
first launched in february, 2005. in parallel, it developed the Quasi-Zenith Satellite 
System to enhance regional navigation in asia and the pacific region.93 By 2006, the 
indian Space research organisation was developing its geo-augmented navigation 
(gagan) Satellite System, which was to augment gpS signals primarily for aircraft 
navigation in south asia.94 

Since the deployment of gpS, the military, civilian, and commercial success 
of navigational systems has generated global interest in navigational capabilities, 
generating political and economic opportunities and conundrums. for the U.S., 
the key issue has become the debate between military and civilian control of gpS 
signals. the military maintains the authority to shut down certain capabilities in 
wartime, yet civilian and commercial uses have become so important that it is clear 
that gpS signals cannot merely be shut down. russia’s major problem is finding 
the cash to maintain its glonaSS constellation. other nations debate whether to 
create very expensive, independent capabilities so as not to depend on the U.S., as 
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europe and china have done, or to enhance existing and forthcoming systems, as 
israel, Japan,and india have chosen.european motivations include the desire to make 
significant profits from european sales of galileo receivers, but as of 2006 it is not 
obvious whether this wish will be fulfilled, since american, european, and Japanese 
commercial vendors already compete to use signals from gpS and glonaSS and 
will simply expand their repertoires to include galileo. commercial vendors will 
combine signals from several navigational systems to enhance local performance, 
regardless of who funds and maintains the space-based systems.95 

Human Spaceflight 
By far the most well-known space activity is human spaceflight, which has 

been the primary political arm of space programs around the world.the primary 
initial motivation for human spaceflight in the late 1950s and 1960s was competition 
for prestige, as the U.S. and Soviet Union sought to project their technological 
capabilities in an ideological battle for the hearts and minds of people around the 
world.the Soviet Union gained an early lead in the space race by putting the first 
man,Yuri gagarin, into space in 1961, and other firsts such as the first woman in 
space, the first multi-man mission, and the first spacewalk. however, Soviet efforts 
to move beyond the r7 launcher and Vostok capsule designs fizzled in bureaucratic 
infighting, while the american response surged forward. the gemini program 
proved U.S. rendezvous and docking capabilities, and apollo placed the first man 
on the moon in 1969. Secret Soviet efforts to put a man on the moon fizzled as 
the huge n-1 launcher failed in four test flights, while the political imperative 
disappeared with the american success.96 

With the failure of their piloted lunar program, the Soviet Union moved 
to long-duration space station efforts, with the U.S. shifting its efforts to the 
Space Shuttle in the 1970s and the beginnings of its own space station program 
in the mid-1980s.With their Salyut space stations and Soyuz ferry vehicles, the 
Soviet Union set record after record in long-duration human spaceflight and 
proved that military uses of piloted space stations were not effective. the Mir 
station was the culmination of Soviet and russian efforts. the Soviet Buran 
program, which mirrored the american Shuttle, was fielded in the late 1980s 
but was too expensive to survive the Soviet Union’s collapse. the american 
Space Shuttle also proved to be very expensive, though the U.S. was willing to 
pay that price to keep the american astronaut program alive. it also proved too 
unreliable, with flight delays the norm and the loss of Challenger in 1986 and 
Columbia in 2003 causing the loss of 14 astronauts’ lives. the american Space 
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Station Freedom program also proved problematic, with many design changes as 
naSa struggled to determine its purpose.97 

although its initial motivation was superpower competition,the shuttle and space 
station programs of the two superpowers provided opportunities for international 
cooperation, though initially that cooperation remained fixed within ideological 
boundaries.the Soviet Union took advantage of its regular Soyuz crew replacement 
flights to its Salyut and Mir stations to offer its communist-bloc allies the opportunity 
to put their citizens into space through the interkosmos program. Similarly, the U.S., 
which had seven seats on each Shuttle flight, offered rides to its allies. the Space 
Shuttle program also included some opportunities for allies to build flight hardware,with 
canada’s robot arm and the europeans’Spacelab module the most significant.although 
partly motivated by the prestige factor, scientific and economic factors provide more 
significant motivations for these nations, particularly in their interest in developing and 
using microgravity facilities and developing niche capabilities in space.98 

these internationalprecedentswere thebasis formuchmore intimate andexpansive 
cooperation in the international Space Station (iSS) program.initially including the U.S., 
europe, Japan, and canada, the iSS came to include russia as well. on the brink of 
cancellation in the early 1990s, the american space station program was saved by the 
opportunity for the U.S. to use it as a means to keep russian technical talent working 
on peaceful programs as opposed to being forced by economic necessity to sell their 
services to nations such as iran and north Korea. the russians built iSS modules 
under contract to naSa and also as part of their own independent contribution. 
in addition, russia supplies progress ferry vehicles for supplies and its reliable Soyuz 
transfer vehicles for crews.With the american Shuttle fleet grounded from early 2003 
to mid-2005 due to the Columbia accident, russia provided the only access to the iSS. 
this situation has shown the wisdom of international partnerships and their alternative 
means to keep programs alive when one partner has difficulties.99 

Separate from the U.S. and the iSS program, china started its own Shenzhou 
program to put chinese yuhangyuan (astronauts) into space.after a number of test 
flights, it finally succeeded in this ambition in 2003, with the launch of Yang liwei 
in Shenzhou 5. china’s motives appear quite similar to that of the U.S. and russia: 
to garner world prestige and to inspire its own people, particularly young people, to 
study technical subjects.100 
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in early 2004, the george W. Bush administration announced its Vision for 
Space exploration, which directed naSa to replace the Space Shuttle, return 
humans to the moon, and eventually go to mars. By 2006 these plans had been 
translated into the constellation program, whose first major systems are the orion 
crew exploration Vehicle and ares 1 crew launch Vehicle. naSa also began 
consultations with other nations regarding their future participation.101 

naSa’s overall human flight program costs are published, though sometimes 
the specific details are difficult to interpret, such as estimating the true cost of the 
Shuttle program. from the beginning of human flight, the U.S. has had by far the 
largest budget compared with other nations.naSa’s historical human flight budget, 
shown in figure 9.7, shows a huge spike in the 1960s due to the apollo program,but 
since that time has remained relatively stable, with a small spike to build the Shuttle 
Endeavour after the Challenger accident. the USaf spent significant funds on the 
manned orbiting laboratory (mol) program in the 1960s as well. 

Figure 9.7—NASA human flight budget, 2006 dollars.102 

Unfortunately, other budget figures are more difficult to acquire. the true 
costs of the Soviet human flight program may never be known, though all agree that 
Soviet and russian costs have been significantly lower than U.S. costs.as compared 
to apollo’s cost, which has been estimated variously between roughly $21.8 and 
$25 billion in then-year dollars, the Soviet piloted lunar landing program has been 
estimated at roughly 4 to 4.5 billion rubles, or approximately $12–$13.5 billion.103 
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the energia-Buran program, which was significantly larger than the Salyut and 
Mir space station programs, cost some 14 billion rubles over 17 years from 1976 
to 1993.104 china’s human flight program, Shenzhou, is reported to have cost ¥18 
billion from inception to its first docking flight, or about ¥1.6 billion per year, 
starting in 1992, which equates roughly to $240 million per year in 2002.105 

the Soviet and russian interkosmos program, which allowed guest flights to 
Salyut and Mir, also created the procedures that, with slight modification, allowed 
for paying customers to travel to Mir. in what is apparently the first private booking 
of a flight to space, the tokyo Broadcasting System paid $12 million for reporter 
toyohiro akiyama to travel to Mir in december 1990.106 British scientist helen 
Sharman flew to Mir the next year, paid for by a pool of private companies in 
the United Kingdom. Starting in the late 1980s, the eSa and european nations 
paid between $12 and $40 million for european astronauts to visit Mir, the price 
depending on the length and complexity of the mission.107 in the 1995, the first 
naSa astronaut arrived at Mir, as part of a larger agreement between the U.S. 
and russia for the international Space Station. While the U.S. pressed russia to 
end the Mir program, american entrepreneur Walt anderson created mircorp, 
registered in the netherlands, to investigate saving Mir for commercial purposes. 
mircorp delivered a $7 million down payment in January 2000, and russia flew a 
mircorp-paid mission to recommission the station. mircorp then received funds 
from american technology investor denis tito for two flights, with himself riding 
on the second. these missions did not take place. Mir was deorbited in march 
2001; for a reputed $20 million, tito rode instead as the first “space tourist” on 
Soyuz to the international Space Station, over strenuous american and european 
objections.108 anousheh ansari became the fourth tourist (and the first woman 
tourist) in 2006.109 after losing the battle to keep tito off the iSS, the U.S. and 
europe reluctantly acquiesced in russia’s right to sell tourist seats. 

another route to space tourism opened in June 2004 when Burt rutan’s 
Scaled composites company spacecraft, SpaceShipOne, won the $10 million, 
privately funded X-prize by reaching suborbital space twice within two weeks, at a 
cost of roughly $25–$27 million paid by microsoft cofounder paul allen. richard 
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Branson’s Virgin galactic company started a joint venture with Scaled composites 
to build SpaceShipTwo, which would start carrying tourists for suborbital flights in 
roughly 2008 for a price of $200,000 each. founded by motel magnate robert 
Bigelow, Bigelow aerospace began testing inflatable habitats for a space hotel, with 
its first successful test of genesis 1 in July 2006.110 Bigelow created “america’s Space 
prize,” a $50-million award for the first successful reusable spacecraft that could 
reach his orbiting hotel.111 the U.S. began to take commercial spaceflight seriously, 
creating a licensing process through the federal aviation administration’s office of 
Space commercialization in 2005. 

Microgravity Research 

microgravity research differs from space physical sciences in several ways. first, 
it has historically been closely tied to human spaceflight because one of the major 
motivations has been to understand how the human body functions in zero gravity. 
human spaceflight and the long-term movement of humans into space depend on 
deep understanding of microgravity effects both on humans and on other biological 
organisms. materials research has generally required human-tended experiments 
in space and usually must return its samples back to earth; thus, it also has had 
strong ties to the human spaceflight program because of the requirement to return 
astronauts and cosmonauts to earth. also, both material and biological research 
have often been portrayed as having commercial potential, such as purer crystals 
or proteins grown in space as opposed to on earth. these promises have yet to 
be fulfilled, as the cost of doing business in space—despite its potential improved 
materials quality—is far higher than on earth.112 

the need for microgravity science to support human spaceflight, and the 
potential commercial possibilities of materials research, have led to large and 
direct government funding of this research and certainly to justifications to build 
various experiment modules in which to perform it, such as the Spacelab module 
for the Shuttle, the Japanese experiment module and columbus module for the 
international Space Station, and various experimental stations on Skylab, Mir, and in 
the Space Shuttle payload bay.the various space programs provided funds to create 
microgravity research disciplines which, unlike the physical sciences, essentially did 
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not exist until human spaceflight programs required their existence. for example, 
the eSa had difficulties in the late 1970s when it realized that it was building the 
Spacelab module but had few researchers capable of using it.113 

microgravity research has also been a favorite educational tool, with naSa 
and other organizations providing major funding and subsidies to allow students from 
elementary school to graduate school to propose and create experiments such as how 
spiders build webs in space, how peas grow in space, etc.microgravity science budgets 
have grown from essentially zero in the 1950s to tens of millions of dollars by the 
early twenty-first century so as to fill the experimental facilities of the international 
Space Station. in 2003, naSa allocated $304 million for biological science, $351 
million for physical science research, and another $254 million for various research 
partnerships.114 eSa allocated $120 million for microgravity science in 2006.115 

Support Services 
the U.S.government places restrictions on the number of civil service positions 

available in its various agencies, but encourages private enterprise.this combination 
has led to the fact of far more work being assigned to civil service personnel than they 
can accomplish. to deal with this situation, support service contractors supply the 
arms and legs for the government personnel, working under government supervision 
to perform many of the tasks that the civil servants do not have the time to perform. 
these companies sprang up around all of the naSa facilities, frequently owned 
or operated by women, minorities, and small businesses so as to meet government 
guidelines and quotas in these categories.although the businesses are often owned by 
people in these categories, the work itself is usually directly supervised by naSa civil 
servants, with relatively little direction or guidance from the companies. 

these unusual political and technical circumstances lead to unusual dynamics. 
a common experience among these contractors is that one company that held an 
engineering service contract in one year would lose it to another company in the 
next. many of the personnel from the losing company are immediately hired by the 
winner,such that the personnel doing the actual work often remain the same while the 
managerial and financial structures are shifted to the new organization. Some support 
service contractors develop core competences in certain technologies or capabilities, 
which allow them to compete for other hardware, software, or service contracts, or 
even to sell products in the nongovernment commercial marketplace. others, such 
as Saic and teledyne Brown engineering, become quite large, with parts of the 
business continuing with support service contracting and other parts with specialized 

114. president’s fY 2007 Budget request for naSa, naSa Web site, http://www.nasa.gov/about/ 
budget/ (accessed January 2007). 

115. peter B. de Selding, “2006 eSa Budget emphasizes independence, Satcom technology,” Space 
News (23 January 2006). 
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expertise that allowed them to bid on manufacturing contracts.through several legal 
rulings, naSa’s marshall Space flight center was involved with determining the 
legality and guidelines for the use of such contractors in the 1960s and 1970s. a 
lawsuit that challenged the legality of support service contracts was filed in 1968 and 
dragged on for years, but in 1978 was settled in naSa’s favor.116 

Insurance 

governments funded all early spaceflight launches, and if one of the launchers 
or satellites failed, the government funded a replacement, occasionally in advance. 
for example, throughout the 1960s and 1970s,naSa typically funded two identical 
spacecraft on exploration missions to another planet, such as mariner 1 and 2 in 
1962. targeted to fly by Venus, the first failed while the second completed the 
mission. the Voyager program of the 1970s built two matching pairs of spacecraft, 
whileViking had two identical orbiters and landers to ensure that at least one of them 
succeeded.liability was another potential concern.governments could not be sued if 
a rocket fell on its citizens’ property, and could pay for damages through taxes. 

commercial companies were in a different situation. they could not afford to 
build two copies of each spacecraft to ensure that one worked. in addition, they could 
be quickly bankrupted should a commercial launch cause damage to private property.in 
1965, communications Satellite corporation insured its early Bird satellite for liability 
and for prelaunch damage to the satellite.three years later, insurers covered the launch 
of intelsat ii, and by the 1970s created launch property damage and on-orbit coverage. 
the 1967 outer Space treaty and the 1972 convention on international liability for 
damage required that nations pay for damage caused to other nations.this spurred the 
U.S., and later other nations, to set minimum liability insurance requirements on private 
companies. in the american case, the government requires private companies to obtain 
insurance to cover damages up to $500 million, and the government will cover any 
additional damages between $500 million and $2 billion. 

insurers in the U.S. and europe typically set rates ranging from 15 percent to 
20 percent for satellite loss, with several companies generally pooling their efforts for 
each launch. liability and on-orbit rates were much lower, reflecting the much lower 
probability of damage to private property and of on-orbit failures compared to the loss 
of a satellite during ascent. from revenues of $5 to $10 million in the 1970s, insurance 
revenues by the 2000s typically ranged from $800 million to $1 billion per year, with 
loss payouts usually, but not always, smaller.117 

116. andrew J. dunar and Stephen p.Waring, Power to Explore:A History of Marshall Space Flight Center 
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insurance companies hate failures that cause them to pay for losses, so when 
failures do occur they press the launcher and satellite organizations to understand and 
fix the problems before they would insure another launcher or satellite.the desire 
to enforce reliability on launcher and satellite organizations led to political problems. 
in the late 1980s, china entered the commercial launch market, creating great Wall 
industries corporation to market its long march rockets.When long march rockets 
failed in 1992 and 1995, insurers launched investigations, which forced china (if it 
wanted to compete commercially) to open up its secretive processes and technologies. 
in addition,the insurers desired independent investigation committees,which included 
personnel from hughesaircraft, the leading satellite manufacturer,and Space Systems/ 
loral (SS/l), another major satellite vendor. in the ensuing interactions between the 
investigators and the chinese, the U.S. government concluded that hughes and SS/ 
l had broken american laws regarding international traffic in arms regulations 
(itar), leading to fines of $20 million and $32 million, respectively, on the satellite 
companies. insurers in the U.S. and europe complain that itar laws decrease their 
ability to get the information they need to underwrite policies.118 

Capital 
Space activities require lots of money. in the past, most of it was provided by 

the government, but private activities have grown dramatically since the 1980s. 
aerospace and space enterprises must occasionally acquire venture capital; the means 
by which they have done so has gone largely unnoticed by space historians. it is also 
worth mentioning the 2005 creation of the Spade defense index and the Space 
foundation’s Space index, the first indices directly tied to financial performance to 
defense, space, and homeland security companies. 

Burial Services 
celestis provides the service of sending a person’s cremated ashes, for a fee, 

into space. to do this, celestis group first received a license from the office of 
commercial Space transportation in 1984 to fly cremated remains aboard the Space 
Services international conestoga rocket. conestoga never flew and in 1994 a new 
company,celestis incorporated,negotiated with orbital Sciences for a launch on its 
pegasus launcher, which eventually did take place in 1997. Since then other flights 
have occurred, with prices ranging from about $495 to $12,500, depending on the 
amount of ashes and their ultimate destination.120 

118. The United States House of Representatives Select Committee on U.S. National Security and Military/ 
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Management, Economics, and Policy 
the assessment of management, economics, and policy issues has spurred a 

small market of government and industry organizations. management companies 
such as Booz allen hamilton, inc. and mcKinsey & company have consulted for 
businesses and the government for years, occasionally including space organizations, 
such as mcKinsey’s support to Jpl’s reorganization efforts in 1959.121 economic 
issues have been a staple of industry associations, such as the aerospace industries 
association in the U.S., or eurospace in europe.they gather and collate aerospace 
industry-wide data to assist member company marketing and lobbying.122 

the department of commerce’s office of Space commerce, founded in 1988, 
has performed political-economic analyses since that time. in 1998,congress passed the 
technologyadministrationact,which founded the office of Space commercialization; 
it was transferred to the national oceanic and atmospheric administration (noaa) 
in 2004. it funded private companies like futron corporation andthetauri group to 
assess various political-economic issues.123 the commercial Space launch act of 1984 
gave the department of transportation’s office of commercial Space transportation 
regulatory authority over commercial space launches. it was transferred in 1995 to the 
federal aviation administration (faa) as the associate administrator for commercial 
Spacetransportation (aSt). aSt publishes quarterly and annual reports of worldwide 
commercial space launch activities.124 

Education 

as space activities developed, so too did educational programs to train space 
industry personnel. these started at institutions involved with early rocketry or 
satellite projects, such as california institution of technology’s Jet propulsion 
laboratory (Jpl), massachusetts institute of technology’s (mit’s) lincoln 
laboratory, and Johns hopkins University’s applied physics laboratory (apl). 
these institutions created engineering and scientific programs to train their own 
employees and other government and industry personnel. Some programs and 
institutions were created based on government or commercial lobbying, such as 
Wernher von Braun’s successful effort to create a research institute at the huntsville 
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extension center of the University of alabama, which was a major factor in the 
1966 creation of the independent campus, the University of alabama in huntsville. 
Similar relationships occurred elsewhere, such as Stanford’s relationship with the 
USaf and naSa’s ames research center, naSa Johnson’s relationship with the 
University of houston clear lake, or naSa Kennedy Space center’s relationship 
with the University of central florida. Some space organizations spun off from 
educational institutions, such as the charles Stark draper laboratory spun off 
from mit, mitre corporation created from lincoln laboratory, aerojet from 
Jpl, and so on. diversified (not merely technical) programs such as the University 
of north dakota’s department of Space Studies and the international Space 
University (Strasbourg, france) were created in 1987. other specialized programs 
now exist in space systems management, politics, and other space-related topics. 
private companies also provided technical courses and consulting.the political and 
economic dimensions of space education have gotten little attention to date, except 
for the creation of economic clusters such as those in colorado Springs, the greater 
los angeles and Boston areas, and florida’s Space coast.125 

With strong congressional support to ensure educational funding in every state, 
naSa created its own educational programs. the naSa Space grant programs 
provide space educational materials to elementary and high school teachers, provide 
student scholarships, promote space education to minorities and disadvantaged 
groups, and support various university programs. naSa also creates educational 
programming on its own television channel, much of which is targeted to these 
same audiences.the economic and political effects of these programs has, to date, 
not been investigated, though tens of millions of dollars are spent annually. 

Space camps to educate young people were created specifically to spur science 
and mathematics education, and hence technical development in their societies. 
Soviet space camps originated from Young cosmonauts groups, which came into 
being soon after gagarin’s 1961 flight.these spread across the Soviet Union and 
then into its allied european nations such as east germany, poland, and hungary. 
the first U.S. space camp took place in 1982 in huntsville, alabama, at United 
States Space and rocket center, which had been founded earlier under the 
direction of Wernher von Braun. By the early twenty-first century, space camps 
existed worldwide.126 
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Professional and Advocacy Groups 

as rocketry moved from amateurs to military organizations and corporations 
in the 1940s, the amateur rocketry groups matured into advocacy and professional 
groups. professional groups such as the american astronautical Society (aaS) and 
the american institute for aeronautics and astronautics (aiaa), primarily acted as 
professional networking organizations, sponsoring conferences and publications for 
engineers and managers working in corporations and government organizations. 
others, such as the British interplanetary Society and the national Space Society 
(nSS), continued the tradition of space advocacy. despite their small size, these 
organizations have significant political and economic impact, as they provide 
forums for technical and political interchanges between government, industry, and 
academic organizations. 

Media 

Space,with its inherent aura of mystery, risk,and danger,has always been a popular 
media topic, which a variety of media cater to and profit from. Some general media 
outlets cater to space activities, such as the“new Series in naSa history”by the Johns 
hopkins University press; the public Broadcasting System’s creation and airing of carl 
Sagan’s Cosmos series in the 1980s;home Box office’s series From Earth to the Moon in the 
early twenty-first century, and The Space Show, a San francisco radio show. professional 
space organizations such as the aiaa, the aaS, and the British interplanetary Society 
have their own in-house publication capabilities for trade journals, books, and 
newsletters; so do naSa, eSa, and other government space organizations. Some 
publishers publish mainly or only space topics, such as apogee press, orbit press, 
and Space publications. Some publications are space-only or aerospace-only, such as 
Space News or AviationWeek & SpaceTechnology.though this sector is small in terms of 
money, its influence is much larger than its economic size indicates. 

Conclusion 

Space historians select a variety of topics to study based on their own individual 
interests, but they should also take note of those subjects that humanity as a whole 
values, and of the wide variety of institutions that support activities in space.the 
money spent on particular areas is a proxy for the value that humans place on 
those activities. By this standard, space telecommunications has become, by the 
early twenty-first century, the most important space topic. perhaps because its rise 
to prominence became significant in the 1980s and 1990s, it has yet to rate highly 
among historians—a fact this paper hopes to elevate.also, the variety of economic 
activities that take place to support space endeavors is significantly broader than 
is typically portrayed. topics such as space education, insurance, weaponry, and 
support services are subjects as worthy of analysis as are human flight and space 
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science. analysis of the interaction of civilian, military, and commercial activities 
must take place within the context of these many sectors, as these interactions vary 
greatly from sector to sector. 

in one respect, all of these interactions have a common characteristic— 
economic and political issues are tightly intertwined. a number of studies and 
analyses try to separate the economic and political realms. advocates of private 
enterprise such as those in the so-called alt-space movement try very hard to divide 
true “commercial” endeavors from government-funded activities.127 Unfortunately 
for them, separating government from space activities has been extremely difficult 
and is likely to remain so for a variety of economic, legal, and political reasons. 
indeed, businesses in general seek any profitable markets, and governments are too 
large a market for space-related businesses to ignore.dollars, after all, are just as green 
coming from the government as from other corporations or from individuals. 

Space historians have the opposite bias because they have depended largely 
on government sources, which in turn have led to histories that take a government 
viewpoint—often with similar priorities to the governments themselves. instead, 
we space historians need to provide a much better balance between government 
and private activities in our studies and analyses.Whether investigating governmental 
activities (where politics are the priority but economics the grease) or investigating 
privateactivities (whereeconomics isoftenprimaryandpoliticsunavoidable),apolitical­
economic approach is a useful tool to ensure a proper balance of perspectives. 
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