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SATELLITES AND SECURITY:
SPACE IN SERVICE TO HUMANITY

Erik M. Conway

In his classic political history of the early Space Age, Walter McDougall explained
the cold war competition between the Soviet Union and the United States
as a competition between two increasingly technocratic states.' In the American
case, his narrative represents a cry for restraint. The technocratic imperative is
not a democratic one. He saw in the coming of technocracy the rise of a narrow,
technologically focused elite to power. He apparently did not like the technocratic
vision of the future this gave him; not surprising, I think, given his experiences in
one of American technocracy’s great Apollo-era disasters, the Vietnam War.

But one of the key traits of technocracy is the state’s effort to use “technology,”
often defined very amorphously, to improve lives. This is, I think, what Steve Dick
meant when he asked me to discuss the societal impact of military, applications, and
science satellites. The United States government has financed these in the general
belief that they would result in progress of some sort. In many cases, the hoped-for
outcomes were obvious. Everyone thought weather satellites would result in longer-
range weather forecasts, an economic, as well as a social, good. Military satellites, too,
had obvious uses. The earliest military satellites were oriented toward surveillance
and intelligence gathering, developed to supplement intelligence aircraft.

The same can be said about the literature on applications satellites. To date, only
communications satellites have a significant literature, as David Whalen will discuss
in his paper. Only military satellites, my first topic, have received extensive study,
although to date imaging satellites have drawn most attention, leaving several areas
untouched. It is also the case that many “big picture” questions about the impact of
these vehicles on the military, and on our political culture, have yet to be asked.

Even scientific satellites were often utilitarian in nature. Asif Siddiqi wrote in
his essay for the 2005 Critical Issues conference that “[T]he literature on the history

1. Walter A. McDougall, . . . the Heavens and the Earth: A Political History of the Space Age (New York:
Basic Books, 1985).
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of space-based science has, however, not been significant.”” Indeed it has not! Very
tew efforts in space science have drawn scholarly attention. But scientific satellites
and solar system probes have had profound impacts on the scientific community
and, as is the case with military satellites, on our national politics.

SATELLITES AND THE MILITARY

One of the fundamental historical realities exposed in all of the papers in this
session 1is that satellites have been seen, since Sputnik, as militarily useful. The first
weather satellite, TIROS, started its road to existence as an Army reconnaissance
satellite project at Fort Monmouth, New Jersey, a couple of years prior to Sputnik’s
launch. Army leaders thought, quite rightly, that just as airborne reconnaissance
had transformed knowledge of the battlefield in World War II, spaceborne
reconnaissance would cement that tactical advantage and make it a global, and
strategic, asset. It would also place that asset under Army control, relieving the
institution’s dependence on its chief rival, the U.S. Air Force, for intelligence. They
were thwarted by President Eisenhower, who gave imaging reconnaissance to the
Central Intelligence Agency and the Air Force, weather satellites to NASA and the
‘Weather Bureau in an unsuccessful partnership arrangement, and to his own former
service, the Army, communications.

There is already some good literature on reconnaissance satellites and their
impact on the cold war. Jeffrey Richelson has examined two important systems
in a pair of books, the Defense Support Satellite Series, which served to provide
early warning of Soviet ballistic missile launches, and the Keyhole series of imagery
satellites (also known as Corona and Discoverer.) The Corona satellites have also
drawn attention from Dwayne Day, from a policy and technology perspective. There
is also at least one popular treatment of space surveillance.?

2. Asif A. Siddigi, “American Space History: Legacies, Questions, and Opportunities for Future
Research,” Critical Issues in the History of Spaceflight, Steven J. Dick and Roger D. Launius, ed.
(Washington, DC: NASA SP-2006-4702, 2006), p. 440.

3. Jeftrey Richelson, America’s Secret Eyes in Space: The U.S. Keyhole Spy Satellite Program (New York:
Harper & Row, 1990); Richelson, America’s Space Sentinels: DSP Satellites and National Security,
Modern War Studies (Lawrence, KS: University Press of Kansas, 1999); Dwayne A. Day, “A Strategy
for Reconnaissance: Dwight D. Eisenhower and Freedom of Space,” in Eye in the Sky:The Story of
the Corona Spy Satellites, Dwayne A. Day, John M. Logsdon, and Brian Latell, ed. (Washington, DC:
Smithsonian Institution Press, 1998), pp. 119-142; William Burrows, Deep Black: Space Espionage
and National Security (New York: Random House, 1986). Also see R. Cargill Hall, “Missile Defense
Alarm:The Genesis of Space-Based Infrared Early Warning,” Quest: The History of Spaceflight Quarterly
7,no0.1 (Spring 1999): pp. 5-17.
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A thorough overview of what’s often called “MILSPACE” can be found in Stephen
Johnson’s article in the Critical Issues in the History of Spaceflight volume, so instead of
repeating his work I want to highlight a few areas that seem particularly interesting.*

From a technological standpoint, several types of intelligence satellites have
existed since the late 1960s that haven’t been examined. Since the early 1980s, the
United States has flown a series of synthetic aperture radar satellites known as Lacrosse
(and sometimes Onyx). These satellites are intended to detect vehicles of all types and
can also detect motion and change. The first civilian synthetic aperture radar (SAR)
flew in 1977 and, as far as I can determine, the first intelligence SAR was initiated in
1976.The Jet Propulsion Laboratory (JPL) built the first civilian SAR but does not
seem to have been the source for the military version.’ Are these truly independent
developments? Or is there a relationship between the two? Our current understanding
of space history would pretty strongly suggest that there must have been a relationship
between the two. John Cloud has described the relationship between classified
imaging satellites built for intelligence purposes and their unclassified counterparts
(i.e., Landsat) as a shuttered lamp—a relationship controlled by the intelligence
community.® The radar case might show us that the relationship between civilian and
military technology is more complex than this model.

There are also other kinds of intelligence satellites. As was revealed at least
as far back as the early 1980s, the United States operates “signals intelligence”
(sigint) satellites. These satellites capture millions of electronic signals every day
that are analyzed by an ever-changing array of supercomputers. There are many
possible stories to tell buried in this topic. As Stephen Johnson also pointed out,
the technologies underlying sigint are in need of historical exegesis.” The political,
military, and intelligence utility of these kinds of systems is in need of study, too. In
the early 1990s, the U.S. National Security Agency apparently considered using it for
industrial espionage against our European allies. This briefly produced diplomatic
problems for the United States (whose governmental allies were, apparently, quite
content with the system’s existence until their publics found out about it).?

4. Stephen Johnson, “The History and Historiography of National Security Space,” in Critical Issues
in the History of Spaceflight, Steven J. Dick and Roger D. Launius, ed. (Washington, DC: NASA SP-
2006-4702, 2006), pp. 481-548.

5. The Jet Propulsion Lab’s SAR flew on Seasat-A; see Peter Westwick, Into the Black: A History of
the Jet Propulsion Laboratory (New Haven, CT:Yale University Press, forthcoming); for Lacrosse, see
http:/ /wuww.fas.org/spp /military /program /imint /lacrosse.htm (accessed 5 September 2006).

6. John Cloud, “Imaging the World in a Barrel: CORONA and the Clandestine Convergence of the
Earth Sciences,” Social Studies of Science 31:2 (April 2001): pp. 231-251.

7. Johnson, “History and Historiography,” note 4.

8. Ron Suskind, The One Percent Doctrine: Inside America’s Pursuit of its Enemies Since 9/11 (New York:
Simon and Schuster, 2006), p. 85.
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The history of this technical capability 1s also directly relevant to the current
administration’s attempts to discredit revelations that it is using signals intelligence
to spy on terrorists (and everyone else, too.)” The historical fact of the matter is
that this is old news."” The technical capacity to do this has been a matter of public
record since the public unmasking of the National Security Agency in the Ford
administration and its role in illegal domestic surveillance; wise leaders should
assume enemies have a basic awareness of our capabilities—particularly old, well
established ones. The subject of signals intelligence and its use and abuse deserves
further historical exegesis.

Better covered historically than signals intelligence has been the development
of military communications satellites. So far, the literature suggests that although
the military saw the utility of surveillance satellites well before the ability to build
them existed, the armed services rather missed the boat with communications
satellites. The first communications satellites that we’re aware of were commercial.
AT&T immediately sought a monopoly in this new business and was denied by
government policy; the Department of Defense (DOD) seems to have bought access
to the technology in the early years. It became an innovator later in the Space Age.
One author places responsibility for this in the decision to place communications
satellite development in the Army and in the Advanced Research Projects Agency,
delaying development until after private companies had already flown their satellites.
NASA also played a significant role in communications satellite development in the
1960s and early 1970s, although apparently not after that."' To make this picture of
innovation still more complicated, I was recently told by a retired NASA manager
that the Air Force paid for a significant fraction of the last of NASA’s Advanced
Technology Satellite comsat series, ATS-6, launched in 1974.

9. Liberal columnist Paul Krugman discusses the treason charge in Paul Krugman,“The Treason Card,”
The New York Times, 7 July 2006; also see Frank Rich, “Will the Real Traitors Please Stand Up,” The
New York Times, 14 May 2006.

10. The technical capability to carry out large-scale eavesdropping on electronic communication was
revealed in the 1970s, when the National Security Agency’s illegal activities in spying on Americans
was investigated by Congress. See James Bamford, The Puzzle Palace: A Report on America’s Most
Secret Agency (Boston: Houghton Miftlin, 1982), esp. pp. 280-308.The role of satellites in this system
is not clear; much of what was revealed during the 1970s involved wiretapping and interception of
radio communications from ground-based “listening stations.” As Dwayne Day has shown recently,
signals intelligence satellites first flew in 1960, although these seem to have been radar intercept
satellites for characterizing air defenses, not communications intercept satellites. See Dwayne A. Day,
“Early American Ferret and Radar Satellites,” Spaceflight (July 2001): pp. 288-293.

11. See David N. Spires and Rick W. Sturdevant, “From Advent to Milstar: The U.S. Air Force and the
Challenges of Military Satellite Communications,” in Beyond the Ionosphere: Fifty Years of Satellite
Communication, ed. Andrew Butrica, (Washington, DC: NASA SP-4217, 1997), pp. 65-70; David
Whalen, The Origins of Satellite Communications, 1945—1965 (Washington, DC: Smithsonian
Institution Press, 2002).
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Communications satellites have had a profound impact on the armed services.
My own former service, the U.S. Navy, evolved command traditions over 200 years that
were based on the unreliability and often non-existence of communications with the
National Command Authority back in Washington. Even radio did not fundamentally
change this reality, because the high-frequency radios that were the basis of World War
II communications were “environmentally unreliable.” As radio engineers all knew,
sometimes one could get global range from a radio set—and sometimes you couldn’t
reach a ship 50 miles away. The Navy continued to operate under the expectation that
senior commanders were unlikely to be immediately available.

Satellite communications changed that. Essentially instantaneous communications
were possible from virtually any spot on Earth or in the air above it after the mid-
1960s. In addition to the culture shock this imposed on the Navy (and which it is still
dealing with), I rather suspect it accounts for some of the severe cultural differences
between the relatively new Air Force—which has only existed in the era of electronic
communications—and the Navy. But in any case, buried in the history of military
communications satellites are stories of cultural change as well as technological
change, deserving of documentation and analysis. There are also, of course, changes in
operations and in operational capacity due to this capability in need of examination.

Although there is at least some literature on communications satellites, largely
missing from the historical record is an examination of the first military navigation
satellite series, Transit. Operational in 1962, Transit was a Navy project implemented
by the Applied Physics Laboratory of the Johns Hopkins University. Transit operated
until 1996.The technical literature contains articles on its genesis, but I can identify
no examination of its impact on Navy operations, capabilities, etc.'? Yet Transit was
simple and inexpensive, and it was part of the justification for belief in “faster, better,
cheaper” in the 1990s within NASA. It also paved the way for the NAVSTAR
Global Positioning System, which one paper in this book addresses. So it had
important ramifications but it hasn’t found its historian yet.

The last kind of military space technology that I want to discuss is weather
satellites. The United States has maintained a civilian weather satellite series since
1960 and a military weather satellite series since 1961." President Eisenhower had
intended that there be a single system operated by the Weather Bureau, but the
resulting agreement collapsed very quickly. The prime justification for splitting into
two satellite systems was that the DOD and the Weather Bureau wanted different
overpass times, with DOD officials wanting an early morning orbit that would

12. See, for example, Robert J. Danchik, “An Overview of Transit Development,” Johns Hopkins APL
Technical Digest, vol. 19, no. 1 (1998): pp. 18-26.

13. See the essay by Purdom and Menzel in James R. Fleming, Historical Essays on Meteorology, 1919—
1955 (Boston: American Meteorological Society, 1996), for basic information on the civilian
weather satellite program.
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permit planning of reconnaissance and aerial refueling missions. One source also
states that the civilian system would not overfly Moscow, increasing the Pentagon’s
desire for a different orbit choice.'* I rather suspect that the Pentagon’s desire for
control also had a lot to do with this decision.

Initially, the two organizations used two variants of the TIROS satellite, with
very similar instrumentation. This changed over time and, although the current
civilian and military satellites use the same “bus,” they have diftferent instrumentation.
It is the military weather satellites that have provided strong evidence that the Arctic
ice cap 1s shrinking rapidly, for example—a capacity the civilian satellites do not
have. Other than R. Cargill Hall’s recent short, and very technically oriented, history
of the Defense Meteorological Satellite Program, however, there are no studies of
DOD’s weather satellite system or its evolution.'> My own forthcoming work deals
only with the civilian system.

A LARGER VIEW OF MILITARY IMPACTS

Paul Edwards expounded a thesis a few years ago that in constructing its
network of surveillance and communications assets, the DOD sought nothing
less than a “closed world”—an Earth in which nothing could happen without the
Pentagon’s knowledge. His argument is more sociocultural than historical, and I am
not convinced. The sheer arrogance of such a goal (not to mention its technological
unlikelihood!) gives me pause.Yet he might be right. The very name of the DOD’s
communications architecture, The World Wide Military Command and Control
System, certainly suggests that he is right.'"® Rigorous investigation of his claim
would tell us a great deal about the DOD and its leaders’ faith in technology if
someone were willing to dig into it.

All in all, the extant historical literature on military use of space pretty strongly
suggests that surveillance and communications have been stabilizing influences in
terms of the strategic deterrence and the cold war contest with the Soviet Union.
That’s the point made by Glenn Hastedt in his paper in this book. Its far less
clear that this is true in terms of the myriad “small wars,” “regional conflicts,” and
“operations short of war” that the United States has engaged in since 1945.It’s likely
true that these space assets have expanded the United States’ ability to engage in so-
called conventional war, the sort fought by large formations of men and machinery.

14. Dwayne Day comments on an earlier draft of this paper, September 2006.

15. R. Cargill Hall, “A History of the Military Polar Orbiting Meteorological Satellite Program,”
(Washington, DC: National Reconnaissance Office, 2001).

16. Paul N. Edwards, The Closed World: Computers and the Politics of Discourse in Cold War America (Cambridge,
MA:MIT Press, 1996), pp. 1-42. On WMMCS, see David E. Person, The World Wide Military Command
and Control System: Evolution and Effectiveness (Maxwell AFB, AL: Air University Press, 2000).



SATELLITES AND SECURITY: SPACE IN SERVICE TO HUMANITY 273

One recent analysis describes the very conventional first Gulf War as the first “space
war.”'” Yet satellites have not similarly improved the nation’s capability to wage
“guerilla war’—we remain poor at it, as the current wars in Iraq and Afghanistan
show, and as was also true in Vietnam. The impact of space technology has been
profound, in other words, but not limitless.

Further, one should wonder whether the global view offered by our space assets
have encouraged the belief prevalent among neoconservatives that we can construct
and maintain a perpetual Pax Americana. Based on a presumed “Revolution in
Military Aftairs” that derives from the integration of space-based communications,
intelligence, and space- and airborne weapons, they contend that America can
maintain and expand its dominion over Earth forever. In their 1998 program
for America, for example, the movement’s leaders called for the development of
“global missile defenses to defend the American homeland and American allies,
and to provide a secure basis for U. S. power projection around the world,” and
for establishment of control over “the new ‘international commons’ of space and
cyberspace.”'® Their faith in technology and the utility of the space weaponry seems
to me founded directly on a heavily distorted view of space capabilities."

In fact, they seem to believe in exactly what Edwards claims the Pentagon did
in the 1960s—that a closed world is possible and desirable. There is a great subject
here for someone to dig into. Satellites may very well have encouraged the rapid
rise of militarism in the United States as well as encouraging our political classes to
undertake global wars of choice.?

CIVILIAN APPLICATIONS SATELLITES

So, I claim, military satellites of many descriptions and functions have had
significant impacts on the American military, and may have had far larger impacts
on American political culture. What about their civilian twins?

NASA launched the first civilian weather satellite in April 1960. This was
TIROS 1, the direct descendant of the U.S. Army’s work toward an imaging

17. Peter Anson and Dennis Cummings, “The First Space War: The Contribution of Satellites to the
Gulf War,” RUSI Journal 136 (1991): pp. 45-53.

18. Thomas Donnelly, et al., “Rebuilding America’s Defenses: A Report of the Project for the New
American Century,” pp. iv, 54—64, published online at http:/ /wuwi.newamericancentury.org (accessed 5
February 2007).

19. Frances Fitzgerald, Way Out There in the Blue: Reagan, Star Wars, and the End of the Cold War (New York:
Simon and Schuster, 2000) is the best work on Star Wars to date, although it is nontechnological.
A good summary of this “Revolution in Military Affairs” thinking is Andrew Bacevich, The New
American Militarism (New York: Oxford University Press, 2005), pp. 165-170.

20. On American militarism, see Andrew Bacevich, The New American Militarism. The Project for a New
American Century calls such small, voluntary wars “constabulary duties.” Donnelly, Rebuilding
America’s Defenses, p. 10.
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surveillance satellite. It was hugely popular, drawing a large, front-page New York
Times article, complete with “cloud pictures” from space. NASA officials used it to
sell the agency to Congress and the public. Better weather forecasting was the first
obvious and direct benefit to non-astronaut, ground-dwelling humans (i.e., 100
percent of the American population).

Yet there is no published history of the weather satellite program. The last
attempt at a history was Chapman’s study of the conflict between NASA and the
Weather Bureau over control of the technology completed back in 1967.%' It was
rather heavily redacted due to DOD concerns. Since then, no one has found the
subject worthy of historical study. Not even the Weather Bureau’s descendant,
NOAA, has bothered. The agency doesn’t even publish data on economic benefits
from weather satellites. There is a single essay touching on weather satellites in the
Exploring the Unknown series.” What gives here?

My speculation on the subject goes like this: Weather satellites did not live
up to the grand promises upon which they were sold. Using them, meteorologists
of the 1960s thought they could produce monthly forecasts of great accuracy. As |
show in my forthcoming work, however, by the late 1960s simulation studies done at
the Goddard Institute for Space Studies showed that forecasts of more than a dozen
days were completely impossible and forecasts of more than five days were impossible
with current technologies. This was confirmed by the Global Atmospheric Research
Program in 1978, a hugely demoralizing outcome to NOAA and to the meteorological
profession. Satellite data emerged from this in such low regard that NOAA didn’t use
it in routine operational numerical forecasting until 1998.% So I rather suspect NOAA
leaders have not wanted to undermine themselves with a historical study.

I do not want to leave the impression, however, that the weather satellites
have been without impact. The geosynchronous satellites provide the hurricane and
typhoon warnings and imagery and track forecasts that we’ve been accustomed to
since the early 1980s. I suspect that they’ve also improved severe storm forecasting
in the Midwest. Meteorologist friends of mine say this is true, anyway. Both of
these are significant economic and human goods, although the lack of research on
these topics available makes it impossible to make the case with any rigor. These
satellites have also transformed the meteorological profession. Although operational
forecasts in the United States have not used the satellite data, researchers and
research-oriented forecast models have been using it routinely since the early 1980s.

21. Richard Leroy Chapman,“A Case Study of the U.S. Weather Satellite Program: The Interaction of
Science and Politics,” Ph.D. dissertation, Syracuse University, 1967.

22. Pamela E. Mack and Ray A. Williamson, “Observing the Earth from Space,” in Exploring the
Unknown: Selected Documents in the History of the U.S. Civil Space Program Volume III: Using Space, John
M. Logsdon et al., ed. (Washington, DC: NASA SP-4407, 1998), pp. 155-176.

23. National Research Council, From Research to Operations in Weather Satellites and Numerical Weather Prediction:
Crossing the Valley of Death (Washington, DC: National Academies Press, 2000).
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It has led to much greater understanding of the structure of the atmosphere and its
organization, particularly over the otherwise data-sparse oceans. Satellites permitted
identification of the region of the Atlantic where hurricanes typically form, for
example, something that hadn’t been known prior to the Space Age.

There is also a policy issue to be discussed. The United States has not flown
a new instrument on its civilian, polar-orbiting weather satellites since 1978. This
is not a failure of innovation; NASA is flying relevant research instruments and
NOAA has developed airplane-based demonstration instruments as well. But
NOAA hasn’t been able to get any of these instruments into space. This problem has
been exacerbated by the 1994 decision to merge the civilian and military weather
satellite programs into the National Polar Orbiting Environmental Satellite System,
whose 1998 launch date has been “slipped” to somewhere around 2013-2014.*
There’s a gross policy failure here, and possibly several policy failures all working
together to produce an exceptionally bad outcome.

Finally, in his recent movie, An Inconvenient ‘Tiuth, former Vice President Al
Gore, Jr., shows an image of Earth from space, taken by Apollo 17 astronauts from
lunar orbit in 1973.% By showing the “Big Blue Marble” in all its beauty and fragility
and free of arbitrary, human-drawn political borders, it provided a potent symbol for
environmentalists to rally around.

Although I certainly agree that images have great power, I have always wondered
a bit about the specifics of this story. The first Earthrise image was sent back by a robot,
Lunar Orbiter 1,1n 1966.The first full-disk color image of Earth was actually sent back
by Vern Suomi’s experimental spin-scan camera on the communications satellite ATS-3
in 1967.Yet only meteorologists talk about this image. In 1968, Apollo 8 astronauts took
the first color Earthrise image. All of these images appeared in public media before the
first Earth Day in 1970; the Apollo 17 images did not. The space program as a whole
produced a series of stunning images that placed Earth in a context far different than
Americans’ daily experience. I think the steady stream of dramatic imagery mattered
more to the spread of environmental consciousness than any single picture.

I have touched on some of these issues in my own forthcoming history of
atmospheric science, but since my focus is on NASA science, a lot of the above
ground is essentially untilled. In terms of “‘societal impact,” I suspect that the weather
satellites have been enormously important—but neither I nor any other scholar has
made the case with any rigor.

24. A bare hint of NPOESS’s long, messy history is contained in Eli Kintisch, “Stormy Skies for Polar
Satellite Program,” Science 312 (2 June 2006): pp. 1296-1297.

25. Sheila Jasanoft, “Image and Imagination: The Formation of Global Environmental Consciousness,”
in Changing the Atmosphere, ed. Clark Miller and Paul N. Edwards (Cambridge, MA: MIT Press,
2001). The book companion to Gore’s movie is Al Gore, An Inconvenient Truth (New York: Rodale
Books, 2006).
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Commercial communications satellites do not have quite the historical lacuna
that the weather satellites do. Because David Whalen addresses them in his paper, I
am not going to say much about this subject other than to reiterate what I said in
the above Military Impacts section: although we have some good treatments of the
evolution of comsat technology and of the policy issues surrounding them, no one
has made the leap yet to societal impact. The economic value of the industry seems
clear from Whalen’s work but there’s more to society than the pure social construct
we call “money.” We often believe that our technologies make our lives “better”
in some meaningful way, although one should always consult Ruth Schwartz
Cowen’s book More Work for Mother before making this claim too strongly! Have
communications satellites done so? I am reminded of Bruce Springsteen’s lyric
“57 channels and nothing on.”* Satellites have brought me hundreds of channels; I
watch two regularly.

But let me dig a bit further into this question of “impact.” In one of his
exploration essays, Steve Dick threw out the idea that communications satellites have
brought the world “closer together.
the potential to “bring the world closer together” and other happy things—bring

992

" The airplane was similarly touted as having

peace on Earth through greater understanding among peoples, etc. Joe Corn wrote
a wonderful book on this.?® But the airplane’s legacy is far more mixed. It is true
that I can take a relatively short flight to Tokyo to visit the land of sushi. It’s also true
that the airplane allowed us to nearly wipe Tokyo oft the map two generations ago,
without even bothering with nuclear weapons. The airplane’s legacy is so mixed and
contested that the nation’s shrine to aviation, the National Air and Space Museum,
is not allowed to construct interpretive exhibits about it. Interpreting the airplane
accurately would offend powerful political and economic interests.

My personal sense is that the same will turn out to be true for communications
satellites: the legacy will be heavily mixed. It is certainly true that satellites facilitate
emergency communications and they provide the opportunity for vastly more
programming. At the same time, we have seen the growth of targeted media—
channels that exist to promote specific interests or specific politics. The same
capability that enables dedicated sports networks (e.g., ESPN, NESN) also permits
Al Jazeera, the first independent Arab media organization (despised by the American

26. Ruth Schwartz Cowan, More Work for Mother: The Ironies of Household ‘Technology from the Open
Hearth to the Microwave Oven (New York: Basic Books, 1985); Bruce Springsteen,“57 Channels (and
Nothin’ On),” Human Touch, Sony BMG Records, 1992.

27. Steven J. Dick, “Societal Impact of the Space Age,” 4 April 2005, http:/ /www.nasa.gov/mission_pages/
exploration /whyweexplore/Why_We_09.html (accessed 11 September 2006).

28. Joseph J. Corn, The Winged Gospel: America’s Romance with Aviation, 1900~1950 (New York: Oxford
University Press, 1983), esp. pp. 29-50.
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political right), and News Corp’s Fox News channel, derided by American liberals
as “Faux News” for its blatant political bias.*

George Orwell feared that the end of the twentieth century would bring
a perfect surveillance state into existence. Big Brother would be watching all of
us, all of the time. We are not quite there yet, but we have achieved a world full
of specialized propaganda bubbles—hidden behind the euphemisms of “targeted
media” or “narrowcasting.”” One can go through one’s daily life and never be
subjected to uncomfortable or challenging ideas—or even facts. In short, we have a
postmodern version of Orwell’s Ministry of Truth.

This is not the fault of the technology exclusively, of course. The Reagan
administration’s elimination of the old Fairness Doctrine that required the airing of
multiple viewpoints is another key enabler of this unfortunate outcome. It is also
not new. Most major European cities have had partisan newspapers for centuries
and the United States has its share of political magazines, the famous ones being
National Review on the right and The Nation on the left, although there are others.
But there are differences. Television is more immediate and immersive than print
and has much greater emotional power. Whether these differences are sufficient to
make a difference in how the newly partisan electronic media affects the nation
is a subject worthy of study. To wrap up this brief discussion of communications
satellites, [ am not at all sure Dick’s optimistic appraisal is warranted.

Finally, the last applications satellite type I'll discuss in this extended editorial
essay is land use. As Pam Mack has shown in her book on Landsat, there were many
possible and interested users of satellite-based land imaging during its developmental
period,and their competing goals and interests made development of the system very
difficult.’” And partly because of this, and also partly due to Pentagon restrictions on
allowable spatial resolution (because of ill-conceived Congressional efforts to force
“privatization” of Landsat), Landsat has never achieved a large enough user base to
pay for itself. Instead, its imagery has been used by researchers, not by the economic
interests that might be able to afford it on a commercial basis.”' Indeed, the primary

29. http:/ /ww.sourcewatch.org/index.php?title=Fox_News (accessed 22 October 2006); Steven Kull,“Misperceptions,
the Media and the Iraq War,” 2 October 2003, hitp://65.109.167.118 /pipa/pdf/oct03 /IragMedia_Oct03_rpt.
pdf (accessed 22 October 2006). Renegade conservative David Brock has written a detailed account
of the creation of the right-wing media establishment in America. David Brock, The Republican
Noise Machine: Right Wing Media and How it Corrupts Democracy (New York: Basic Books, 2004);
also see Neil Hickey, “Is Fox News Fair?” Columbia _Journalism Review 36:6 (March-April 1998): pp.
30-36. Also see Daphne Eviatar, “Murdoch’s Fox News,” The Nation (22 February 2001), online
edition, http:/ /wwiw.thenation.com/doc/20010312 /eviatar (accessed 5 February 2007).

30. Pamela E. Mack, Viewing the Earth: The Social Construction of the Landsat Satellite System (Cambridge,
MA: MIT Press, 1990).

31. There is a single historical study of Landsat use for scientific purposes to date: Peter Leimgruber,
Catherine A. Christen, and Alison Laborderie, “The Impact of Landsat Satellite Monitoring on
Conservation Biology,” Environmental Monitoring and Assessment 106 (2005): pp. 81-101.
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buyer of the data has been the intelligence community, which apparently finds that
Landsat data serves as an effective supplement to its own classified imagery sources.

The satellite series itself has lurched from one crisis to the next, with each
administration since Reagan willing to commit to only one more mission prior to
commercialization; with commercialization never succeeding, each new administration
has had to cope with the question of how to continue the series. The fundamental
policy issues of what agency should maintain the capability and who should pay for it
have not been resolved. So Landsat has been a technical success, but programmatically
its history has been tortured. At the very least, there’s a good policy study here for
someone interested in the subject.

EARTH ScIENCE FrROM SpPACE

This is the subject of my own recently completed history of atmospheric
science at NASA, so what follows is an essay on my own findings in the context of
what very little else has been done on this subject. NASA’s scientific satellites,and—a
very important point—its planetary probes, have revolutionized our understanding
of Earth, its processes, and our place on it. They have also radically altered our beliefs
about the solar system and the universe around us. Finally, they have fundamentally
changed our national politics.

There is, to date, not a single history of any NASA Earth science program.The
only work that even comes close is Henry Lambright’s monograph.** Yet as several
(non-NASA) studies show, the Agency’s stratospheric ozone research program
initiated in the early 1970s led directly to the worldwide banning of a class of
highly profitable chemicals. NASA research provided the first conclusive evidence
that human activity was capable of causing global-scale damage. Yet these studies
are not aimed at NASA’s science program. They discuss the politics and policies

surrounding the 1987 Montreal Protocol.*

The political angle is important to
these studies because ozone science was politically controversial, with leaders of the
American political right claiming for many years that the idea of ozone depletion
was an environmentalist hoax. Congressional hearings in 1995 underscored this
view. But these earlier studies leave the reader wondering how NASA wound up
leading this research field.

This is particularly germane as NASA’s role in the ozone wars led to repeated
and long-running attacks on the agency on the editorial page of the Wall Street

Journal, by Rush Limbaugh on his radio show and in his best-selling books, and by a

32. Henry Lambright, NASA and the Environment: The Case of Ozone Depletion (Washington, DC:
NASA SP-2005-4538, 2005).

33. The best of these works is Edward A. Parson, Protecting the Ozone Layer: Science and Strategy (New
York: Oxford University Press, 2003); see also Maureen Christie, The Ozone Layer: A Philosophy of
Science Perspective (New York: Cambridge University Press, 2000).
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small constellation of other lesser actors in the right-wing political journals: Reason,
Commentary, and National Review.The current administration made a brief attempt
to quash NASA’s James Hansen, the agency’s most prominent climate modeler. But
he was not the first NASA scientist to be attacked by what journalist Bill Moyers
accurately terms the “radical right.”** That honor actually belongs to Robert T.
Watson, head of NASA’s ozone research program in the 1980s.%

In High Speed Dreams, my history of supersonic transport research, I suggested in
my conclusion that NASA’s entry into political controversy came with its decision to
embrace stratospheric ozone as a research program in hopes of absolving the Space
Shuttle of claims that its solid rocket boosters would damage the ozone layer.*® But
in fact, the Agency’s conflict with the New Right political movement that came to
power with Ronald Reagan has its origins much earlier, in the Agency’s planetary
missions of the 1960s.”” The JPL’s Mariner Venus and Mars missions showed NASA’s
scientists—those employed by the Agency as well as university-based scientists involved
in them—that relatively small initial differences between the three “terrestrial” planets
(Venus, Earth, and Mars) had led to huge differences among these planets as they exist
today. This fact, obvious by 1965, forced NASA’s scientific constituency to start to
come to grips with the relationship between chemistry and climate.

Probably the best known expression of this is in James Lovelock’s Gaia
hypothesis. Lovelock, who consulted briefly at JPL in the early 1960s, argued that
biological activity regulated Earth’s climate via its impact on atmospheric chemistry.
But he was not the only person making chemical claims about climate by the end
of the 1960s. Carl Sagan, never a NASA employee but always associated with the

34. Amanda Griscom, “Now Hear This: Bill Moyers Speaks his Mind on Bush-Brand Environmental
Destruction and More,” Grist Magazine (26 August 2003), online edition, http://www.grist.org/
news/maindish/2003/08/26 /griscom-moyers/ (accessed 22 February 2007).

35. Andrew Revkin, “Climate Expert says NASA Tried to Silence Him,” The New York Times (29
January 2006): p. 1; Donald Kennedy, “The New Gag Rules,” Science (17 February 2006): p. 917;
Rush Limbaugh, The Way Things Ought to Be (New York: Pocket Books, 1993), pp. 154-157. A few
citations from the ozone depletion denial effort will suffice: Robert W. Pease, “Ozone Chicken
Littles Are at It Again,” Wall Street Journal (23 March 1989): p. 24; S. E Singer, “My Adventures in
the Ozone Layer,” National Review 41 (1989): pp. 34-38; R.. Bailey, “The Hole Story: The Science
Behind the Scare,” Reason 24 (1992): pp. 24-31; R.. S. Bennett, and Robert W. Clack,“Ozone, CFCs
and Science Fiction,” Wall Street Journal (24 March 1993): p. 15; Kent Jeftreys, “Too Many Holes,”
Wall Street Journal (11 February 1993): p. 15.

36. Erik M. Conway, High Speed Dreams: The Technopolitics of Supersonic Transportation (Baltimore, MD:
Johns Hopkins University Press, 2005), p. 303.

37. There is already a substantial body of literature on the New Right political movement. For
examples, see Sara Diamond, Roads to Dominion: Right Wing Movements and Political Power in the
United States (New York: Guildford Press, 1995), esp. pp. 108-128 and 205-227; for surveys placing
the New Right in the context of the New Left of the 1960s, see Maurice Isserman and Michael
Kazin, America Divided: The Civil War of the 1960s (New York: Oxford University Press, 2000), esp.
pp- 205-220, and Rebecca E.Klatch, A Generation Divided: the New Left, the New Right, and the 1960s
(Berkeley, CA: University of California Press, 1999).
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Agency anyway, did a relatively speculative study for JPL onVenus’s climate in 1960
and did a series of comparative studies between Earth, Mars, and Venus over the
course of his career. His first graduate student, James Pollack, built NASA’s planetary
climate modeling program at the NASA Ames Research Center. **

It was also Pollack’s group at Ames that produced the “nuclear winter”
hypothesis in 1984, bringing down right-wing opprobrium on NASA while also
stimulating tropospheric aerosol research.”” The nuclear winter hypothesis helped
trigger the foundation of the George C. Marshall Institute by Robert Jastrow.
Jastrow, horrified by what he saw as a deliberate political attack on the Reagan
administration disguised as science by Sagan, Pollack, and other scientists (including
Donald Kennedy, the current editor of Science), appealed to conservative foundations
for funds to finance a pro-nuclear “scientific” organization. He envisioned it as the
conservative response to the Union of Concerned Scientists.*’

Planetary climate studies also landed on the East coast, NASA’s Goddard
Institute for Space Studies (GISS).This organization, founded (somewhat ironically)
by Jastrow in 1960, was intended to be the Agency’s center for theoretical study
of planetary atmospheres. That’s still what it does. Unlike Goddard, Ames, and JPL
(all of which also retain experimental and hardware programs), GISS is primarily
theoretical. In modern space science, theory and data are both examined through
the use of models. GISS actually performed the simulation studies that suggested
weather satellites of the 1970s would not produce a great improvement in daily
weather forecasts, for example.

GISS, of course, is also the home of NASA climate modeler James E. Hansen.
Hired there in the early 1970s, Hansen initially worked on a scattering model for
Venus’planetary cloud layers. Jule Charney, founder of numerical weather forecasting,
performed some regional (Earth) climate studies using a GISS weather model in the
middle of the decade; these, and Pollack’s comparative planetary studies, triggered
Hansen’s interest in Earth’s climate. Hansen and his colleague at GISS, Andrew Lacis,

38. Carl Sagan, “The Radiation Balance of Venus,” JPL Technical Report no.32-34 (15 September 1960);
D. R. Hitchcock and J. E. Lovelock, “Life Detection by Atmospheric Analysis,” Icarus 7:2 (1967): pp.
149+; Lynn Margulis and J. E. Lovelock, “Biological Regulation of the Earth’s Atmosphere,” Icarus
21 (1974): pp. 471-489; James Lovelock, Gaia: A New Look at Life on Earth (New York: Oxford
University Press, 1974); Carl Sagan and George Mullen, “Earth and Mars: Evolution of Atmospheres
and Surface Temperatures,” Science 177 (7 July 1972): pp. 52-56.

39. Paul Ehrlich et al., The Cold and the Dark: The World after Nuclear War (New York: W. W. Norton,
1984); Lawrence Badash, “Nuclear Winter: Scientists in the Political Arena,” Physics in Perspective
(2001): pp. 76-105.

40. On the Marshall Institute’s founding, see Robert Jastrow to Robert Walker, 1 December 1986, box
21 file “George C. Marshall Institute, accession 20001-01,William Aaron Nierenberg papers, Scripps
Institution of Oceanography Archives, University of California—San Diego; Draft Proposal for the
George C. Marshall Institute, sent to Bill Nierenberg, 12 December 1984, MC 13, William Aaron
Nierenberg Papers box 75, folder 6, Scripps Institution of Oceanography Archives, University of
California—San Diego.
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came from the University of Iowa. Hansen considers his intellectual forebears to
be the late James van Allen of lowa and Jule Charney.*! He began building GISS’s
climate modeling capabilities in mid-decade.

Hansen’s climate model was one of two that formed the basis of the first
declarative study by the National Academy of Science on the subject of global
warming, the 1979 “Charney Report.” In its preface, the University of Wisconsin’s
Verner Suomi stated that there was “no reason to doubt that climate changes will
result and no reason to believe that these changes will be negligible.”** Every study
by the National Academy of Science since has ratified its conclusions, as has the
Intergovernmental Panel on Climate Change in each of its three assessments of
climate science since its foundation in 1988.*

Global warming is caused by human emissions of carbon dioxide, which exceed
volcanic output by more than 150 times. Carbon dioxide is a chemical, of course,
although one that is currently difficult to measure accurately from space. Sagan was the
first to blame Venus’s extremely hot climate on a surplus of this gas;Venus, American
and Soviet robotic spacecraft found in the 1960s and 1970s, has about 300 times as
much atmospheric carbon dioxide as Earth. And these facts bring us back to my
claims about chemistry, climate, and NASA’s role in fostering political controversy.

To be blunt about it: NASA has shown conclusively that humans cannot
continue to change the chemistry of Earth’s atmosphere without enormous, and
negative, consequences. One of these consequences is ozone depletion, a cancer
risk. The larger consequence is global warming. A 1983 National Academy study
laid out some of the problems for the United States: much of the irrigated area of
the southwest would have to be abandoned unless sufficient additional water could
be imported. The highest forecasts of sea level rise would leave most of coastal
America underwater unless defended by dikes of 15 to 20 feet (5 to 6 meters)—
quite an expensive undertaking along several thousand miles of coast.** Further,
this committee pointed out, “[I|ncreasing carbon dioxide is expected to produce
changes in global mean temperature that, in both magnitude and rate of change,
have few or no precedents in the Earth’s recent history.””* This had led much of the

41. Author interview with Hansen, January 2006;]. Hansen et al.,“Climate Modeling in the Global Warming
Debate,” General Circulation Model Development (New York: Academic Press, 2000), pp. 127-164.

42. National Research Council, Carbon Dioxide and Climate (Washington, DC: National Academies
Press, 1979), p. vii.

43. Naomi Oreskes, “The Scientific Consensus on Climate Change,” Science (3 December 2004): 1686,
DOI 10.1126/science.1103618; also see Oreskes, “The Scientific Consensus on Climate Change:
How Do We Know We're Not Wrong?” in Climate Change: What It Means for You, Your Children,
and Your Grandchildren, Joseph DiMento and Pamela Doughman, ed. (Cambridge, MA: MIT Press,
2007), forthcoming.

44. NRC, Carbon Dioxide and Climate, 1983, p. 46.
45. NRC, Carbon Dioxide and Climate, 1983, p. 51.
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committee to a state of “unease,” as they put it, because they could not assume that
the eftects would appear in a gradual, linear fashion.

Yet these facts are a direct affront to the belief system that dominates the
American political right. Beginning with the popular work of famed economist
Milton Friedman, the American right has adopted a worldview that equates economic
freedom with political freedom.*® Although this is historical fantasy—we have never
been a free-market nation—this belief system forces its adherents to deny the reality
of the scientific community’s fact claims. True believers seek to protect their faith
by denying inconvenient facts, and they believe that no scientific agency of our
government has done more to undermine what George Soros has called “free market
fundamentalism” than NASA has.”’ The accepted facts are that unregulated carbon
dioxide emissions are the cause of global warming; solving the problem will require
regulation of some kind. Such regulations would violate fundamental precepts of free-
market theology, so the rightists have decided to reject the facts. Instead, they have
tormulated a convenient set of conspiracies. And, perhaps further reinforcing my point
about “targeted media” above, a recent Pew Research Center for the People and the
Press poll indicates that 43 percent of college-educated Republicans reject the fact of
global warming, whereas only 25 percent of Democrats do.*

Hence,if one reads what’s published in the rightist political literature mentioned
above, one will find environmentalism equated with communism throughout the
1980s and 1990s, and with terrorism after 2001. One will also see scientists, including
NASA scientists, derided as dupes and frauds for promoting “environmentalist
nonsense.” The “hidden agenda” of these scientists, in the words of one writer, is
“against business, the free market, and the capitalistic system.”*’ In the words of

46. Milton Friedman, Capitalism and Freedom (Chicago: University of Chicago Press, 1962). In his
obituary of Friedman, economist Paul Krugman delineates carefully between Friedman’s careful
and meticulous academic work and his role as a public intellectual, promoting free markets with
not entirely honest zeal. See Krugman, “Who Was Milton Friedman? The New York Review of Books
54/2 (15 February 2007).

47. George Soros, “The Capitalist Threat,” The Atlantic Monthly 279 (February 1997): pp. 45-58; Myanna
Lahsen has done signal work in digging up some of this material; see “Climate Rhetoric: Constructions
of Climate Science in the Age of Environmentalism,” Ph.D. dissertation, Rice University, 1998). The
clearest expression of the belief that environmentalism is merely a plot to destroy capitalism I have
found to date is in S. Fred Singer, “Global Warming: Do We Know Enough to Act?” in Environmental
Protection: Regulating for Results, ed. Kenneth Chilton and Melinda Warren (Boulder, CO: Westview
Press, 1991), pp. 29-50. My favorite exegesis of the behavior of fanatics is Eric Hoffer, The Tiue
Believer: Thoughts on the Nature of Mass Movements (New York: Harper and Row, 1951; Perennial
Classic reprint, 2002), esp. pp. 79-80.

48. Pew Research Center for People and the Press, “Global Warming: A Divide on Causes and Solutions,”
24 January 2007, http:/ /people-press.org/reports/display.php3?ReportID=303 (accessed 9 April 2007).

49.S. Fred Singer, “Global Warming: Do We Know Enough to Act?,” p. 45. For a larger discussion
of the political affiliations of the global warming denial effort see Lahsen, “Climate Rhetoric:
Constructions of Climate Science in the Age of Environmentalism.”
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another, global warming is merely “a means of achieving an egalitarian society.” It
is this literature that Senator James Inhofe (R-Oklahoma) and his colleagues draw
on when they denounce global warming as “the greatest fraud ever perpetrated on
the American people.””' A new book from the Competitive Enterprise Institute puts
it still more bluntly, calling them anti-American, anti-capitalist, and anti-human; to
make clear their linkage to communism, they are “green on the outside, red to the
core.”? “Commies,” as it were, in green makeup. To be clear, these political actors
are not merely attacking leftist politicians. They attack practicing scientists for the
results of their research—the very content of science. One journalist has labeled this
assault ““The Republican War on Science.”?

One can argue, as physicist William Nierenberg did in the National Academy
of Science’s 1983 study of global warming, that the phenomenon is real and 1s likely
to have severe consequences, but we don’t need to do anything about it. Human
civilizations have come and gone as climate changed around them; survivors simply
migrate and rebuild elsewhere.>* This is scientifically, and historically, entirely correct.
One can argue about the ethics of such an approach—I would not subscribe to
it—but it is correct and honest. One does not have to deny the legitimacy of a
science to defend capitalists’ right to pollute; in a pluralist, democratic society, one
can simply accept Nierenberg’s argument that we adapt to the new, warmer world.
Yet this not the argument being made by the global warming deniers. Instead, they
have chosen to demonize working scientists by applying the McCarthyite tactic of
linking them to communism and accusing them of a global conspiracy.

This extreme reaction against climate science by the American right is not
merely a quibble over interpretations of data. And it is not happening simply because
ExxonMobil has spent millions of dollars a year supporting the denial industry.>®

50. Aaron Wildavsky,*“Global Warming as a Means of Achieving an Egalitarian Society:An Introduction,”
in Robert C. Balling, The Heated Debate: Greenhouse Predictions versus Climate Reality (San Francisco:
Pacific Research Institute for Public Policy, 1992), p. xv.

51. Inhofe’s speech is available at http://inhofe.senate.gov/pressreleases /climateupdate.htm (accessed 10 July 2005);
also see Chris C. Mooney, The Republican War on Science (New York: Basic Books, 2005), p. 78.

52. Christopher C. Horner, The Politically Incorrect Guide to Global Warming (and Environmentalism)
(New York: Regnery Publishing, 2007).

53. Chris Mooney, The Republican War on Science (New York: Basic Books, 2005), esp. pp. 78-101.
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It 1s a defense of a political ideology. Nothing else adequately explains the rightists’
reaction to a half-century of scientific research.

I do not wish to make too much of NASA’s role in the science of global
warming. As Spencer Weart’s recent history of global warming shows, there are
many other threads to that story. But since the late 1970s, NASA funding for climate
science has overwhelmed all other sources. It is by far the dominant funder of
the current Climate Change Research Program, a fact in need of explication. Of
the $1.86 billion dollars spent on climate science in fiscal year 2005, NASA spent
$1.24 billion. The next largest funder, the National Science Foundation, spent
$198 million that year.”® NASA’s interest in planetary climates stemming from the
Mariner missions of the 1960s, and the seeming need for a global view of global
warming, made its entry into this research field an obvious choice.

Its also true that these controversial fields were not originally as politically
charged as they are now. During the 1970s, both American political parties accepted
the reality of environmental damage and argued over policy details: the most efticient
form of regulation, standards of evidence, how to determine when a sufficiency
of evidence existed to base regulation upon. The modern anti-environmental
movement—often it is called “pro-business” to disguise its true nature—started
in the Western states at the same time and achieved its first national expression
with Reagan’s election.”” When NASA officials decided to enter these fields, the
technocratic impulse still ruled: once one understood the science, science-based
regulation would follow. It made sense to them to try to lead in fields relevant to the
agency’s technological capacities. As technocratic managers, they also didn’t expect
that anti-environmentalism would wind up dominant 20 years later. The magnitude
of the controversy they entered came as a surprise.

Inside the scientific community, the intersection of space science and Earth
science also engendered controversy. Lovelock’s Gaia hypothesis was widely criticized
for its depiction of Earth as a self-regulating organism. In one paper he used a metaphor
of a planetary engineer to describe how the integrated Earth system worked. This had
obvious metaphysical implications that he later regretted. In short, he was attacked
for Gaia’s religious implications. But his view of planetary climate as a system of

56. Spencer Weart, The Discovery of Global Warming (Cambridge, MA: Harvard University Press, 2003); also
see the expanded online edition at http://www.aip.org/history /climate (accessed 3 July 2006). Current
funding for the Climate Change Science Program is given in CCSP-4Budget14Jan2006.pdf, available
at http:/ /www.climatescience.gov /infosheets /factsheet4 /default. htm (accessed 12 September 2006).

57.On the anti-environmental policies of the Reagan administration, see Samuel P. Hays, Beauty,
Health and Permanence: Environmental Politics in the United States 1945-1985 (New York: Cambridge
University Press, 1985), pp. 490-526; on the origin of anti-environmentalism in the West, see Hal
K. Rothman, The Greening of a Nation? Environmentalism since 1945 (San Diego: Harcourt Brace
Publishers, 1998), pp. 169—-181.
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nested feedback-control systems involving what came in the 1980s to be called
“biogeochemistry” was ultimately highly influential. In 1986, a group of scientists
working under a NASA charter created a new, less offensive label for this integrated
view of Earth, “Earth Systems Science”” One can find textbooks bearing this name
in university bookstores now and some universities have integrated their separate
geology/geophysics/atmospheric/ocean science programs into a single department.
The California Institute of Technology’s integrated department is Earth and Planetary
Sciences, while the University of California, Irvine called its program Earth System
Science (it was organized and named by a former NASA scientist, Michael Prather).
Earth sciences are in the midst of a sea change in organization and, I think, their
intellectual structure, inspired by the availability of planetary-scale data.

Satellites seem to have disappeared from my narrative, so let me bring some back
in.I have ignored solar physics and the tightly linked field of space weather. Our friendly
local star’s radiation and particulate output affects Earth’s upper atmosphere, and solar
radiation trapped by Earth’s magnetic field does as well. These also affect satellites in
Earth orbit and deep space probes. Because satellites have significant economic and
military value, NASA, the DOD, and NOAA have all spent quite a bit of money
over the last several decades on satellites and model studies aimed at understanding
and predicting these effects. Scientists are also interested for the intrinsic scientific
questions involved, of course—the motivation isn't solely utilitarian!

Three recent works discuss the evolution of solar science and space weather—
the border between these two issues being, like space itself, rather tenuous. Karl
Hutbauer’s book Exploring the Sun focuses exclusively on the history of solar physics
and the solar wind. He does not discuss their influence on Earth. Twwo other works
make attempts at this. In Storms from the Sun, Michael Carlowicz and Ramon Lopez
focus on the impact of solar eruptions on telecommunications and electrical power
distribution networks. But their work is weak on the science and on the historical
evolution of the field.™

A more useful treatment of the subject is Barbara Poppe’s and Kristen P.
Jorden’s Sentinels of the Sun. Written largely from NOAA’s perspective, this work
focuses on the evolution of space weather forecasting with that agency. It gives
the reader a good sense of the bureaucratic politics of the issue. Unfortunately, it is
completely undocumented and, while it leaves the reader with the understanding
that NASA and the Air Force have always been parallel actors in the field of space
weather, it tells us little about their respective roles.”” There is plenty of room left
for new research in this area.

58. Karl Hutbauer, Exploring the Sun: Solar Science since Galileo (Baltimore, MD:Johns Hopkins University
Press, 1991); Michael J. Carlowicz and Ramon E. Lopez, Storms from the Sun:The Emerging Science of
Space Weather (Washington, DC: Joseph Henry Press, 2002).

59. Barbara Poppe and Kristen P. Jorden, Sentinels of the Sun: Forecasting Space Weather (Boulder, CO:
Johnson Books, 2006).
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The second type of satellite to discuss is oceanographic. NASA has flown
satellite sensors aimed at both physical and biological oceanography. Neither type
has been addressed in an historical study. The most significant of these has probably
been TOPEX/Poseidon, a joint US-France mission that performed sea surface
altimetry. Altimetry directly measures the height of the ocean surface; indirectly, it
can tell us a great many other things about the oceans. Its most public outcomes
have probably been in El Nifo forecasting and in measuring sea level rise.

Scientifically, however, it may turn out to be revolutionary for its impact on
ocean modeling. JPL and several other institutions are involved in a joint modeling
effort aimed at transforming data from TOPEX/Poseidon and NOAA’s Argo buoy
network into a new, four-dimensional view of the world ocean. They are not done
yet but, from what this group has published so far, they’re building a radically new
interpretation of how the ocean absorbs and distributes heat.®” In turn, this will
affect scientific understanding of how the geographic distribution of heat and
precipitation will change under global warming.

The final type of satellite I will discuss is geodetic. These measure the shape
of Earth and its gravity field. They were among the first kinds of scientific satellites
flown, as they are very simple by their nature and militarily useful. Earth’s gravity
field is not perfectly spherical—it has “bumps” due to local concentrations of higher-
density material within Earth—and the DOD wished to know where these were
for more accurate targeting of nuclear missiles. Dwayne Day has published a set of
articles on military geodetic satellites, the first historical studies on this subject.®!

At NASA, the Goddard Space Flight Center has led the development of this
technology until very recently. In collaboration with the DOD, NASA has flown
a series of these satellites. These haven’t been part of the Agency’s “controversy
portfolio,” however, perhaps because most of the public has no idea what they do.
But that’s likely to change because the latest geodetic satellite, the JPLs GRACE
mission, is accurate enough to produce mass estimates for ice sheets and aquifers.
Recently, the mission scientists have pronounced that their data shows mass loss
from both Greenland and Antarctic ice sheets, thus sticking themselves directly into

60. Carl Wunsch and Detelef Stammer, “Satellite Altimetry, the Marine Geoid, and the Oceanic General
Circulation,” Annual Review of the Earth and Planetary Sciences 26 (1998):219-253; D. Stammer et al.,
“The Global Ocean State during 1992-1997, Estimated from Ocean Observations and a General
Circulation Model. Part III: Volume, Heat and Freshwater Transports,” ECCO Report no. 6, 24
August 2001, http:/ /www.ecco-group.org (accessed 1 July 2006).
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2: Secret Geodetic Programmes after AR GON,” Spaceflight 40/8 (August 1998): pp. 303-310.
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the climate wars.®® There is a lot more historical work on the subject of geodetic
satellites and their impacts on science, however. To date, very little examination or
interpretation of this field has been done.

Space science, then—not merely Earth science but aspects of planetary science
as well—has radically altered our beliefs about Earth and its processes. It has forced
scientists, often against their own political preferences, to come to grips with the
very uncomfortable notion that humans have become geological agents. We humans
have the ability to change the basic conditions of life on Earth.The dominant belief
from the nineteenth century—that humans were too puny to have any significant
impact on Earth—can no longer be sustained in the face of NASA’s research. This
is the root of the political problems faced by Earth scientists in the 2000s.

CONCLUSION

Much of the historical literature on the Space Age to date has focused on
human spaceflight. To borrow the analytical terminology of feminist history of
science, this privileges the narrative of a handful of transient males—the professional
space tourists we call astronauts—over that of most of the species. But the largest
impacts of space technologies to nonastronaut humans have come from robotic
spaceflight. These impacts have been positive and negative, economic, political,
scientific, military, and ideological.

Unlike humans (to date, at any rate), robot spacecraft can be engineered to
live in space, providing routine data for sometimes decades. They can also be sent to
places inhospitable or deadly to humans. This has been the source of their success
as scientific explorers, routine storm monitors, communications facilitators, and
intelligence gatherers. It is also probably why they have virtually no place in the
narrative of space history to date. As nonhumans, theyre ignored. It’s far easier to
write a compelling heroic narrative about human actors than robotic ones, and
space history has often been little more than advocacy written in heroic prose.®?

62. I.Velicogna and J. Wahr, “Greenland Mass Balance from GRACE,” Geophysical Research Letters 32/18
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Paul D. Lowman, Exploring space, Exploring Earth: New Understanding of the Earth from Space Research
(New York: Cambridge University Press, 2002). The title of this book is deceptive. It deals only with
geodesy from space, ignoring all other fields of Earth remote sensing.

63. Roger D. Launius, “The Historical Dimension of Space Exploration: Reflections and Possibilities,”
Space Policy 16 (2000): pp. 23-38, esp. pp. 24-26.
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But engineering is a human endeavor as well. As the above discussion
should suggest, spacecraft engineering is wrapped up in the politics of science and
government—both human enterprises. The New Space History, as Roger Launius
has called it, has plenty of room in it for this narrative as well.** Precisely because
there is so little already written, it’s also a rich area for research.

64. Launius, “Historical Dimension of Space Exploration.”



CHAPTER 15

For ALt MANKIND: SOCIETAL IMPACT
OF APPLICATION SATELLITES

David J. Whalen

1st, I believe that this nation should commit itself to achieving the goal,
before this decade is out, of landing a man on the moon and returning
him safely to the earth . .. .

Secondly, an additional 23 million dollars, together with 7 million
dollars already available, will accelerate development of the Rover
nuclear rocket . . . .

Third, an additional 50 million dollars will make the most of our
present leadership, by accelerating the use of space satellites for world-
wide communications.

Fourth, an additional 75 million dollars—of which 53 million dollars is for
the Weather Bureau—uwill help give us at the earliest possible time a satellite
system_for world-wide weather observation.

Joun E KENNEDY
Special Message to the Congress on Urgent National Needs
25 May 1961

The Apollo 11 plaque states that the U.S. astronauts “came in peace for all
mankind.” But long before the Apollo landing President Kennedy wanted the
United States to be seen as running a high-technology program whose practical
benefits would be for all mankind. Kennedy’s principal audience was meant to be the
third world—as well as the U.S. public—but his message also provided “cover” for
the Congressmen who would have to authorize billions of dollars for the Apollo
program. The U.S. program would also provide practical, nonmilitary applications
that would benefit all Americans as well as all mankind.

The military had already begun their program of applications satellites. By
the time of Kennedy’ speech, the Department of Defense (DOD) had launched a
whole generation of reconnaissance, navigation, and weather satellites. These systems
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were operational and new generations were in the works. Strangely, this DOD litany
of successful applications did not include communications satellites.

Much of the military thinking about space originated with RAND, a Douglas
Aircraft Company Research and Development (R&D) unit at the time. On 2 May
1946, RAND published their famous “Preliminary Design of an Experimental World-
Circling Spaceship.”! Chapter 2 of this document, drafted by Louis Ridenour, was
titled “The Significance of a Satellite Vehicle.” Greatest significance is given to the
use of rockets (satellite vehicles) as bombardment vehicles, but next in importance
was the observation capability of a satellite over enemy territory. This observational
capability would allow weather observation before the raids and accurate bomb
damage assessment after raids. The document also discusses the advantages of
satellites as communications relay stations. The simplicity of operations if satellites
are in geostationary orbits is addressed in passing. The value of then-current
communications through the ionosphere is given as $10 billion.

In 1947 RAND published the first of many follow-ups to the 1946 report.
These reports, prepared under the direction of James E. Lipp, covered a variety
of topics. One report, “Communication and Observation Problems of a Satellite,”
continued the discussion of satellite communications and brought up the issue of
a “spy satellite” for the first time.? RAND continued its studies of reconnaissance
and weather satellites, in 1951 publishing a report titled “Inquiry into the Feasibility
of Weather Reconnaissance from a Satellite Vehicle” by William Kellogg and
Stanley Greenfield, and another report on the “Utility of a Satellite Vehicle for
Reconnaissance” by James E. Lipp, Stanley M. Greenfield,and R. S.Wehner.? Perhaps
more important for the space race was an earlier RAND report entitled “The
Satellite Rocket Vehicle: Political and Psychological Problems.”* This document
was considered by space historian Walter McDougall as “the birth certificate of
American space policy.”

Communications satellites had their origins in science fiction and their first
serious exposition by an AT&T engineering manager. Arthur C. Clarke (1917-),
then a Royal Air Force radar officer, published an article in the October 1945 issue

.RAND Corp., “Preliminary Design of an Experimental World-Circling Spaceship,” SM-11827, 2
May 1946.

2. RAND Corp.,“Communication and Observation Problems of a Satellite,” RA-15028, 1 February
1947.

3. William Kellogg and Stanley Greenfield, “Inquiry into the Feasibility of Weather R econnaissance
from a Satellite Vehicle,” RAND R-218, 1947; James E. Lipp, Stanley M. Greenfield and R. S.
Wehner, “Utility of a Satellite Vehicle for Reconnaissance,” RAND R-217,1947.

4. Paul Kecskemeti, “The Satellite Rocket Vehicle: Political and Psychological Problems,” RAND
RM-567,4 October 1950.

. Walter A. McDougall, . . . the Heavens and the Earth: A Political History of the Space Age (New York:
Basic Books, 1985), p. 108.
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of Wireless World entitled “Extra-terrestrial Relays.”® In this article he discussed the
advantages of 24-hour geostationary orbits that would allow a satellite to maintain
position over the same portion of the equator indefinitely. Clarke foresaw use of
space stations at this altitude for radio and television broadcasting. John R. Pierce
(1910-2002) was, like Clarke, a science fiction writer, but he was also an engineering
manager at Bell Telephone Laboratories. In an article “Don’t Write, Telegraph,”
published in Astounding Science Fiction in 1952, Pierce discussed some possibilities
regarding communications satellites.” In 1954 he was asked to give a space talk to
the Princeton section of the IRE (the Institute of Radio Engineers, now the IEEE).*
According to Pierce,“The idea of communication satellites came to me. I didn’t think
of this as my idea, it was just in the air. Somehow;, I had missed Arthur Clarke’s paper on
the use of manned synchronous satellites for communication.” In 1958 Pierce and his
colleague Rudolf Kompfner prepared a presentation on satellite communications for
a conference. This was later published in the Proceedings of the IRE in March 1959.°

Thus, all four applications areas—reconnaissance, navigation, weather, and
communications—had been discussed at some length in the immediate post-World
War II period. Interest had accelerated in response to the U.S. Air Force spy satellite
Request for Proposal in 1954, but the real push for applications satellites came as a
response to Sputnik.

R ECONNAISSANCE SATELLITES

All of the early RAND recommendations had been for a “direct readout”
satellite—one that transmitted pictures to the ground electronically. Many of the
studies assumed a standard television camera. The Air Force (aided by its RAND
think tank) had begun development of a reconnaissance satellite, Weapon System
117L (WS-117L), on 16 March 1955. The program, initially called Advanced
Reconnaissance Satellite (ARS), then SENTRY, and finally Satellite and Missile
Observation System (SAMOS), was slow to mature. By 1957, members of the
Presidential Science Advisory Committee (PSAC) were dissatistied with the Air
Force program; they wanted a “film return” satellite and they wanted the program
managed by the Central Intelligence Agency (CIA).The success of the U-2 seemed
to indicate that the CIA was better at bringing new technology into operation in
a short period of time. On 7 February 1958, President Eisenhower authorized the
CIA to proceed with CORONA.

6. Arthur C. Clarke, “Extra-terrestrial Relays,” Wireless World 51 (October 1945): pp. 303-308.
7.John R. Pierce, “Don’t Write: Telegraph,” Astounding (March 1952). Pierce wrote at least 20 articles

for Astounding under his pen name, J. J. Coupling, and at least one under his real name.
8. Later published: John R. Pierce,“Orbital Radio Relays,” Jet Propulsion 25 (April 1955): pp. 153—-157.

9.John Robinson Pierce and Rudolf Kompfner, “Transoceanic Communication by Means of
Satellites,” Proceedings of the IRE 47 (March 1959): pp. 372-380.
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CORONA/GAMBIT

Within a few months, the WS-117L program had been reoriented to include
CORONA (film return), MIDAS (early warning), and SAMOS (direct readout—
later to include film return). The first Discoverer (CORONA) launch was on 28
February 1959; it was a failure, as were most launches over the next two years. The
first successes were in August 1960 when reentry vehicles (SRVs) were recovered
from the ocean and in mid-air. From 1959 to 1972, almost 150 CORONA (KH-1
through KH-4B GAMBIT) satellites were launched on Thor-Agena vehicles. After
August 1960, most were successful."”

From 1959 to 1971, CORONA was the principal U.S. reconnaissance satellite
(along with a few ARGON and LANYARD special-purpose satellites). SAMOS
was eventually cancelled. In 1960 a joint program office was formed and designated
the National Reconnaissance Office (NRO). NRO was stafted by the CIA and Air
Force. The existence of NRO was “revealed” on 18 September 1992. The entire
CORONA program was declassified on 24 February 1995. Later programs are still
classified, making accurate descriptions difficult.

The KH-7 and KH-8 GAMBIT satellites provided increased resolution (~0.5
m) over the CORONA satellites (~3 m). The CORONA satellites had grown in
size from 800 kg to about 2,000 kg (two SRVs), but were all launched by Thor-
Agena launch vehicles. The KH-7 satellites were launched on Atlas-Agenas. The
heavier (3,000 kg) KH-8 satellites were launched on Titans. About 100 GAMBITs
were launched between 1963 and 1984 with about a 95 percent success rate. Early
GAMBITS had lifetimes of days but, over time, lifetimes grew to weeks.

The Rest of the “Spysats”

The Air Force had always wanted to put men in space; the Manned Orbiting
Laboratory (MOL) was their great opportunity to do so. Although MOL had many
goals, its primary purpose was the KH-10 (DORIAN) reconnaissance system. The
vehicle would have weighed about 15,000 kg. First authorized in 1962—1963, MOL
would eventually be cancelled in 1969 after an expenditure of billions of dollars.

Starting in the late 1960s, the United States and the USSR began discussing
arms limitation. The Soviet Union had established—or was establishing—rough
parity in nuclear weapons and intercontinental ballistic missiles (ICBMs). Both sides
were developing anti-ballistic missile (ABM) systems. In the process of negotiating
the Strategic Arms Limitation Treaty I (SALT I, the ABM Treaty), it was agreed

10. Much of the information on CORONA comes from Merton E. Davies and William R. Harris,
“RAND’ Role in the Evolution of Balloon and Satellite Observation Systems and Related
U.S. Space Technology,” RAND, R-3692-RC, September, 1988; and Dwayne A. Day, John M.
Logsdon, and Brian Latell, Eye in the Sky:The Story of the CORONA Spy Satellites (Washington, DC:
Smithsonian Institution Press, 1998). Also of interest is Robert A. McDonald ed., CORONA—
Between the Earth and the Sun: The First NRO Reconnaissance Eye in Space (Bethesda, MD: American
Society for Photogrammetry and Remote Sensing, 1997).
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that “national technical means” would be used to verify compliance and that no
interference with these means would be allowed. Spy satellites were legal!

It has been argued that the KH-9 was developed as a backup to MOL.The vehicle
weighed more than 11,000 kg—almost four times the weight of a KH-8 GAMBIT and
not much less than the MOL. Known as “Big Bird,” the KH-9 HEXAGON carried
a television camera as well as film cameras and four SRVs. It was launched by Titan
3D rockets. Big Birds increased satellite lifetimes to months. Of 20 KH-9 launches,
only one failed, the last launch in 1986. Declassification was progressing until the fall
of 1997. There were even plans to place a KH-9 in the new Smithsonian hangar at
Dulles Airport. According to Dwayne Day, a military space historian who has written
about CORONA and other spy satellites, Big Bird probably “gathers dust in a classified
warehouse . .. only a few yards down from the Lost Ark of the Covenant.”"!

Perhaps the biggest improvement in spy satellites was the all-electronic, direct-
readout KH-11 Kennan/Crystal and its successor, the KH-12/KH-11B Improved
Crystal. These satellites finally provide the capability that SENTRY/SAMOS
hoped for: real-time direct readout—facilitated by communications relay satellites
including SDS, TDRSS, and MILSTAR. About two dozen of these satellites have
been launched. The Improved Crystal weighs almost 20,000 kg and can only be
launched by the Space Shuttle or Titan 4. Lifetimes are now measured in years.
The KH-12 carries about 7,000 kg of fuel and its lifetime is more than 10 years. In
addition to the visible and infrared capabilities of the KH satellites, at least a half-
dozen Lacrosse radar satellites have been launched.

Image intelligence (imint) and human (spy) intelligence (humint) have been
supported by various forms of signal intelligence (sigint)—including satellite
sigint. These include Navy systems from the 1960s (GRAB, DYNO, POPPY),
ferrets launched with KH-9 satellites, Air Force systems (CANYON, VORTEX,
MERCURY), and the CIA’s AQUACADE. Many of these satellites are now in
geosynchronous or Molniya orbits—and are all but invisible.

Societal Impact of Reconnaissance Satellites

Both the United States and the Soviet Union had been brought into World
‘War II as the result of surprise attacks. Each of these two countries suspected its rival
of planning a surprise attack. Perhaps the greatest impact of reconnaissance satellites
was reducing that threat. In the words of President Lyndon B. Johnson,

I wouldn’t want to be quoted on this, but we've spent thirty-five or
forty billion dollars on the space program. And if nothing else had
come out of it except the knowledge we’ve obtained from space
photography, it would be worth ten times what the program has

11. Dwayne A. Day,“The Invisible Big Bird: Why There Is No KH-9 Spy Satellite in the Smithsonian,” The
Space Review (8 November 2004), http:/ /uww. thespacereview.com (accessed 24 August 2007).
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cost. Because tonight we know how many missiles the enemy has
and, it turned out, our guesses were way off. We were doing things
we didn’t need to do. We were building things we didn’t need to
build. We were harboring fears we didn’t need to harbor.'

NAVIGATION SATELLITES

In the days immediately following the launch of Sputnik in October 1957,
scientists and engineers worked to analyze the spacecraft’s signal and its orbit. Bill
Guier and George Weiffenbach of the Johns Hopkins University Applied Physics
Laboratory (APL) listened to the satellite’s signal and monitored the change in its
frequency due to the Doppler eftect. They used this Doppler shift to compute an
orbit for the Russian satellite.

Another APL engineer, Frank McLure (1916—1973), realized that if the orbit
were known, the Doppler information could be used to determine the position of
the radio receiver on the ground. In early 1958, McLure described the potential for
developing a space-based navigation system. Within a few weeks, APL proposed a
navigation system to the Navy.

Transit Satellites

The earliest Transits were launched on the Thor-Able and Thor Able-Star
rockets from Cape Canaveral. The very first of these occurred on 17 September 1959.
The last two experimental Transit satellites demonstrated that precise navigation
was possible using two frequency beacons broadcasting the satellite ephemerides
(orbits). This system was so robust that it was capable of determining the harmonics
of Earth’s gravitational field and the effects of propagation through the ionosphere.
The last satellites were also able to demonstrate the availability of the satellites when
in a near-circular orbit at about 1,000 km and inclined about 66 degrees.

After the poor reliability of the Naval Avionics Facility Indianapolis (NAFI)-
built Transit satellites, RCA built the rest. It was always clear that Transit had significant
limitations. The accuracy was good enough for nuclear weapons (<1 km) but not
good enough for conventional weapons. The Transit position fixes took some time
to obtain, making Transit almost useless for moving objects. The Navy continued
research—especially at Naval Research Laboratory (NRL)—on improvements. In
1964, the Air Force started a new navigation satellite program, Project 621B.

NAVSTAR/GPS

By 1972, DOD wanted just one program: a system that could be used to
navigate fast-moving aircraft and even to deliver conventional weapons. In 1973,
the NAVSTAR Global Positioning System (GPS) program was approved. Over
the next few years, arguments and tradeoffs between the Navy and Air Force were

12. Lyndon B. Johnson, Nashville, Tennessee, March 1967.
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adjudicated—mostly on their merits—and GPS Block I launches began in 1978.
Transit was kept in operation until 1996."

GPS satellites are in 12-hour circular orbits inclined 55° to the equator—much
higher than Transit. There are six orbital planes, each containing four satellites. Tiwo L-band
frequencies are broadcast (L1: 1575.42 MHz and L2: 1227.60 MHz) containing the time
(Universal Time Coordinated and a Pseudo Random Noise code) and satellite position.
Differences between the satellite time and the vehicle time provide range measurements—
three range measurements allow a position to be determined within 10 to 100 m. The
civilian Standard Positioning Service (SPS) signal has a conditional access code (CA) that
degrades accuracy. This selective access means that civilian signal is not good enough to use
for weapons delivery. Military users can get position to within a few meters.

A contract for eight Block I GPS satellites was awarded to North American
(Rockwell) in 1974. A contract modification for four additional Block I satellites
was awarded in 1981. NAVSTAR 12 was produced as the Block II qualification
model. There was only 1 failure out of 11 launches. Block II/IIA added nuclear
detonation detectors and many improvements. The satellite was still manufactured
by Rockwell, but the launch vehicle was now a Delta 6925 for Block II and a Delta
7925 for Block ITA.There was only 1 failure in 33 launches.

After building 44 GPS satellites, Rockwell lost the “replacement” contract to
General Electric Astro Space (formerly RCA Astro Electronics, currently Lockheed
Martin Commercial Space Systems). The Block IIR satellites were based on the
Astro Space series 4000 geosynchronous communications satellite. The 1989
contract was for 21 satellites. Many improvements in cost, lifetime, autonomy, and
improved precision were made on the IIR series.

In 1997 the Air Force awarded a contract for six GPS satellites and 27 options
to Rockwell (now Boeing). In 2000 the decision was made to rebid the contract. A
series of studies for a “generation after next” system, Block III, was begun in 2000.
This was revised in 2003 and again in 2005.The competitors are Lockheed Martin
(Block ITIR) and Rockwell (Block I, IT, ITTA).

Civilian Use

The decision to allow Transit use by commercial ships seems to have been made
at an early date. This was given extra urgency when the supertanker Torrey Canyon ran
aground on the Cornish coast in March 1967, spilling 120,000 tons of oil."*

13. Much of the material in this section was obtained from National Research Council, The Global
Positioning System (Washington, DC: National Academies Press, 1995), pp. 145-276 and http:/ /wun.
astronautix.com (accessed 24 August 2007).

14. Abraham Hyatt,memo to Deputy Administrator and Associate Administrator, Informal Discussions R egarding
Navigation Satellites,” 7 September 1961;Alton B.Moody, “Navigation Satellite Progress, “National Electronics
Congress, 9 October 1962;“NAV/TRAF SAT program,” Space Daily (21 April 1964): p. 118;Walter Sullivan,
“How to Navigate with Satellites,” The New York Times, 2 April 1967: p.E7.
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By 1995, civilian use of GPS exceeded military use. Ten years later, GPS
was the established navigation system—an “international utility” Most other
navigation systems were in the process of shutting down. But GPS remained a
military system: use could be denied during a military emergency. The U.S. Federal
Aviation Administration (FAA) started a program in 1995 called the Wide Area
Augmentation System (WAAS) that would facilitate use of GPS for instrument
landings. This would obviate the need to build the Microwave Landing System
(MLS) scheduled to replace the old Instrument Landing System (ILS). Most MLS
systems in the United States have been turned off and replaced by GPS. *

As GPS replaced all previous navigation (and instrument landing) systems,
many foreign countries became quite concerned that transportation safety was
dependent on an American military system. In part to assuage these fears and to
increase the precision of GPS, selective availability (SA)—a system that ensured
lower civilian accuracy—was turned oft on 1 May 2000. Somewhat earlier in 1982,
the Soviet Union had launched its own navigation system, GLONASS (Global
Orbiting Navigation Satellite System). The system was fully operational in 1995.
Unfortunately, the collapse of the Soviet economy left Russia unable to maintain
the system for several years. A planned replenishment will be complete by 2010.'

Both GPS and GLONASS are military systems that allow civilian use. The
European Galileo system will be completely civilian-run by a private consortium.
The four GIOVE (Galileo In-Orbit Validation Experiment) satellites will be
launched by 2008. The 30-satellite operational system will be complete by 2010.
Galileo will provide greater accuracy (~1 m) and will work in buildings and under
trees. Galileo and GPS will be compatible.”

Societal Impact of Navigation Satellites

The original purpose of navigation satellites was to maintain the so-called
balance of terror. Even if the Soviet Union had launched a first strike, the submarine-
launched ICBMs (SLBMs) would have enough navigational accuracy to level most
of the cities of the Soviet Union—whose positions were now well-known thanks
to reconnaissance satellites. NAVSTAR/GPS gave aircraft the same navigational
assurance—and accuracy to within meters, not kilometers. This improved accuracy
led to GPS-guided munitions used in the Gulf wars.

Most surprising is the ubiquity of GPS receivers in the civilian world. These
are now the primary means of navigating ships and aircraft. They are also widely used

15. David Field, “U.S. to Let Airliners Navigate by Its Satellites,” Washington Times, 28 March 1995: p. B7;
‘Warren E. Leary, “Civilian Uses Are Proposed for Satellites,” The New York Times, 1 June 1995: p. A23.

16. http:/ /www.spacetoday.com (accessed 24 August 2007).
17. Ibid.
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in cars and trucks, and by hikers. Of the three applications pioneered by the military,
this is by far the greatest success story. Commercial sales of GPS receivers are now
a $9 billion industry."®

WEATHER

By the 1950s, the idea of weather satellites was beginning to surface. In
1951, RAND published “Inquiry into the Feasibility of Weather R econnaissance
from a Satellite Vehicle” and Arthur C. Clarke depicted polar and geosynchronous
“metsats” in the endpapers of The Exploration of Space.'” In 1954, a tropical storm
was discovered accidentally when pictures taken from an Aerobee sounding rocket
were analyzed. Also in 1954, Dr. Harry Wexler, the Weather Bureau’s chief scientist,
presented a paper on “Observing the Weather from a Satellite Vehicle” at the Third
Symposium on Space Travel.* In 1955, when the decision was made to launch
a satellite during the upcoming International Geophysical Year (IGY), weather
observation and radiation balance payloads were considered and eventually were
flown on Vanguard and Explorer satellites.

Polar Satellites/ TIROS

In spite of the influence of scientists such as Wexler and Verner Suomi, the
first weather satellite was a product of the military. TIROS (Television Infra-Red
Observation Satellite) was RCA’s losing entry in the Air Force WS-117L competition
won by Lockheed in 1956. The Army was persuaded to support development of
TIROS as a polar-orbiting weather satellite. The project was transferred to ARPA
and eventually to NASA in 1958.The first launch was on a Delta on 1 April 1960.
The satellite had two television cameras: one wide-angle and one narrow-angle
(high-resolution) on TIROS-1 and -2, and both wide-angle on succeeding TIROS
satellites. TIROS-8 pioneered the Automatic Picture Transmission (APT) camera
system. TIROS satellites had the cameras mounted on the base of the satellite, aligned
with the spin axis. This meant that the cameras were Earth-pointing for only a small
fraction of their orbits. TIROS-9 pioneered the “cartwheel” configuration wherein
the cameras were mounted on the sides of the spacecraft; the spacecraft spin axis was
aligned with orbit normal and pictures were taken continuously. All launches were
from Cape Canaveral into high-inclination (481)° orbits until TIROS-9 and -10 were
launched into Sun-synchronous (SS) polar orbits. Sun-synchronous orbits allowed
pictures to be taken at the same local time every day (usually early morning).

18. Satellite Industry Association (SIA)/Futron Corp., State of the Satellite Industry Report, (San Diego,
CA: SIA/Futron, June, 2006).

19. Arthur C. Clarke, The Exploration of Space (New York: Harper, 1951).

20. Harry Wexler, “Observing the Weather from a Satellite Vehicle,” Third Symposium on Space Travel,
4 May 1954.
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The Pentagon recognized the disadvantages of the TIROS baseplate-mounted
cameras and the advantages of Sun-synchronous orbits. Joseph V. Charyk, director of
the National Reconnaissance Office (NRO), concluded that NASA development
of a better weather satellite (Nimbus) would be delayed and expensive. He also
was uncomfortable with the international commitments NASA had made to share
TIROS weather pictures. Weather information was critical to NRO—too many spy
satellite pictures showed nothing but clouds. In 1961, Charyk sponsored what was
to become the Defense Meteorological Satellite Program (DMSP). The program
envisioned an improved RCA TIROS launched on a Scout launch vehicle from
Vandenberg Air Force Base. The satellite was much lighter than TIROS and carried
a single television camera that would “snap” pictures of Earth when the horizon
sensors indicated that the camera was pointed in the appropriate direction.

At about this time, it was decided that the next-generation civilian weather
satellite, TOS (TIROS Operational System, also known as ESSA) would be a copy
of DOD’s DMSP Block 4A rather than the NASA Nimbus, which became a
research vehicle and later the model for ERTS/Landsat. The Block 5 satellites were
three-axis-stabilized rather than spin-stabilized. A variant of Block 5 became the
civilian ITOS (Improved TOS, also known as National Oceanic and Atmospheric
Administration [NOAA]). The DMSP program remained classified until late 1972,
when DMSP data were routinely delivered to the Weather Bureau.?

The military and the intelligence community were the initial sponsors of weather
satellites. NASA took over part of this remit, and by the mid-1960s the Weather Bureau
(ESSA, then NOAA) took responsibility for polar weather satellites. Geostationary
weather satellites seem to have been championed by NASA and transferred to the
‘Weather Bureau almost immediately after their launch in the 1970s.The military and
the intelligence community retained a separate polar weather satellite program into
the twenty-first century, but a single National Polar Orbit Environmental Satellite
System (NPOESS) is in the works—amid much disarray.

Geosynchronous Weather Observation

In spite of Arthur C. Clarke’s work, NASA (and Hughes) first looked at
geosynchronous orbit (GEQO) as a place for weather satellites, not communications
satellites. A consequence of the stationary orbit over the equator was that a GEO
weather satellite could take continuous pictures of about one-third of Earth’s surface.
The polar weather satellites only took one picture (two if we include night-time IR
pictures) of a given location each day.

21. Most of the material on DMSP is taken from R. Cargill Hall (NRO Historian), “Chapter Three:
Weather Reconnaissance,” n.d. (1988?), original classified TOPSECRET/TALENT KEYHOLE.
Other sources include http://earth.nasa.gov/history and http:/ /www.astronautix.com Web sites (accessed
24 August 2007).
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In 1965, Verner Suomi and Robert Parent started the Space Science and
Engineering Center (SSEC) at the University of Wisconsin-Madison with funding
from NASA and the National Science Foundation.While at SSEC, Suomi developed
the spin-scan camera. SSEC’s spin-scan camera was launched on ATS-1 in 1966.
The camera scanned an east-west strip of Earth with each rotation of the spinning
satellite. By tilting a mirror in the camera slightly at each rotation, a multi-strip
image of Earth could be created in less than 30 minutes.

The NASA Applications Technology Satellites (ATSs) had originally been
conceived as Advanced Syncom satellites. The creation of the Communications
Satellite Corporation (Comsat) following the Communications Satellite Act of 1962
led to suggestions that communications satellite R&D by NASA was inappropriate
as Comsat was a private entity. NASA was more than willing to add a meteorological
payload, and DOD asked that gravity gradient stabilization and medium Earth orbits
(MEO:s) experiments also be conducted.

The first five ATS satellites were all built by Hughes. None of the gravity
gradient experiments worked. All of the cameras worked, as did all of the C-band
transponders. ATS-1 (7 December 1966) and ATS-3 (6 April 1967) were complete
successes, taking the first black-and-white (ATS-1) and first color (ATS-3) pictures
of Earth from geosynchronous orbit. The first three ATS launches were on Atlas-
Agenas (A-As), the second two on Atlas-Centaurs (A-Cs), and the sixth on a Titan.
ATS-1 and -3 were deactivated in 1978. ATS-5—a nominal failure—provided
communications services for many years.

The experimental/operational Synchronous Meteorological Satellites (SMSs)
were built by Ford Aerospace. Their lighter weight allowed use of the cheaper, more
reliable Delta launch vehicle. All carried a Visible Infrared Spin Scan Radiometer
(VISSR) built by Hughes Santa Barbara Research Center. SMS-1 was placed over
the Atlantic (17 May 1974) and SMS-2 was placed over the eastern Pacific (6
February 1975).

The Geostationary Operational Environmental Satellites (GOES)-1 through
-3 were identical to the SMS-1 and -2 satellites. GOES-4 through GOES-7 were
built by Hughes. The more advanced GOES-8 through GOES-12, (again built by
Ford, now Space Systems Loral) have an imager much like the Advanced TIROS-
N polar-orbiting satellites. Attitude control is three-axis and detailed position and
pointing are obtained using the VHRR imager. As with the polar satellites, GOES
now combines operational capabilities and research capabilities. One satellite is
usually positioned over the Atlantic at 75°W (GOES-East) and another at 135°W
(GOES-West). Early in the program satellites were placed over the Indian Ocean to
provide “global” coverage for the Global Atmospheric Research Program (GARP).
European, Indian, and Russian satellites now provide Indian Ocean coverage while
Japan provides coverage of the western Pacific. Any “extra” GOES satellites are
stored at 105°W—ready to replace GOES-East or GOES-West.



300 SOCIETAL IMPACT OF SPACEFLIGHT

International Cooperation

Meteorological data have always been shared with other countries. In 1977
both Europe and Japan launched geosynchronous orbit weather satellites. When
the GOES-NEXT program was delayed, the Europeans loaned NOAA a Meteosat.
‘When the Japanese MTSAT was delayed, NOAA loaned the Japanese Meteorological
Agency (JMA) a GOES. Starting from the prime meridian, Eumetsat covers the
eastern Atlantic from 0°E and the Indian Ocean from 62°E.JMA covers the western
Pacific from 140°E (and 155°E). NOAA covers the eastern Pacific from 135°W
and the western Atlantic from 75°W. The five satellites of these three agencies
continuously monitor Earth’s weather, except for polar latitudes. These countries
also cooperate by sharing polar weather data; Russia also supports this activity.

Societal Impact of Weather Satellites

The major U.S. hurricanes of 1900 and 1938 came from nowhere and killed
people on the shoreline who had no idea a major storm was coming. On 8 September
1900, Galveston, Texas, had a population of about 36,000; by nightfall, one in six would
be dead. The 1938 New England hurricane completely wiped out several vacation areas
and flooded sea-level Providence, Rhode Island, and interior Hartford, Connecticut.
The Galveston Hurricane of 1900 may have been the deadliest natural disaster in the
United States but it does not even appear on any list of storms sorted by damage cost.
In contrast, Galveston was evacuated over the single bridge linking it to the mainland
before Hurricane Rita hit in September 2005. Evacuation was probably easier to enforce
after the Hurricane Katrina disaster a month earlier. Katrina was among the most costly
hurricanes to hit the United States but the death toll—in spite of poor evacuation
plans—was much lower than it might have been. The inflation-adjusted cost of Katrina
damage was 100 times the cost of the 1900 Galveston hurricane damage but the death
toll was one-third. NOAA predicted landfall at New Orleans more than two days in
advance, and the day before landfall the local NOAA office recommended immediate
evacuation. Weather satellites don’t just provide cloud pictures and warnings of hurricanes.
They also detect forest fires, volcanic activity, and severe storms, and provide measures of
rainfall and winds. Somewhat surprisingly, the value of weather satellites for forecasting
is much less clear than the value for severe weather detection and monitoring.*

The commercial value of weather satellites was demonstrated in the mid-1980s
when the Reagan administration was trying to privatize Landsat. Comsat oftered to
take over Landsat only if it was also given the weather satellites. NOAA has provided a
compendium of economic statistics in which the costs of weather and climate events
are summarized along with some estimates of the benefits of weather forecasting.
Severe weather causes damages well in excess of $10 billion every year. Total benefits

22. Wikipedia, http:/ /www2.sunysuffolk.edu/mandias/38hurricane, http:/ /www. 1990storm.com, http:/ /www.
dailycomet.com (accessed 24 August 2007); discussions with Erik Conway.
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to the householders are estimated at over $10 billion per year. Benefits to agriculture,
construction, and transportation would presumably increase this total.*

COMMUNICATIONS

Although several pre—World War II mentions of satellite communications have
been found, the first well-known discussion was Arthur C. Clarke’s 1945 article in
Wireless World.* Perhaps of greater importance were later articles by John R. Pierce
in Jet Propulsion (1955) and Proceedings of the IRE (1959).” Clarke was a member
of the British Interplanetary Society and a budding science-fiction author. Pierce
was also a science-fiction author but, more importantly, he was the director of
communications research at AT&T’s Bell Telephone Laboratories (BTL).

In early March 1958, John R. Pierce and Rudolf Kompfner of AT&T
(independent inventors of the traveling-wave tube) saw a picture of the shiny, 100-
foot sphere that William J. O’Sullivan of NACA Langley Research Center was
proposing to launch into space for atmospheric research. It reminded Pierce of the
100-foot communications reflector he had envisioned in 1954. Pierce persuaded
William H. Pickering of JPL to provide a West coast antenna for the experiment.
To support this plan, Kompfner and Pierce wrote a paper” that they presented at an
IRE conference on “Extended Range Communications” at the Lisner Auditorium
of George Washington University in Washington, DC, on 67 October 1958.%

Echo I was launched into a 1,000-mile circular orbit on 12 August 1960. During
the first orbit of the 100-foot sphere, a recording of President Eisenhower speaking
was transmitted from JPLs Goldstone, California, Earth station to AT&T’s Holmdel,
New Jersey, Earth station. In spite of Echo’s success, it was clear that active, rather than
passive, satellites were the technology to develop.” In a 13 May 1960 letter to Leonard
Jaffe at NASA Headquarters, Rudolf Kompfner had described the current AT&T/BTL
research program as shifting to active satellites. In this letter Kompfner reviews the active
satellite component/subsystem studies that had been underway since late 1959.%
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By 1960, Pierce had convinced AT&T management to build and launch a
medium-Earth-orbit (MEO) satellite system. Even earlier, the Pierce and Kompfner
paper had also energized a group of young engineers—Harold Rosen and Donald
D. Williams—at Hughes Aircraft Company to prove wrong their 1959 argument that
geosynchronous Earth orbit (GEO) satellites were beyond the state of the art. AT&T’s
plan to launch a satellite system was put on hold when NASA refused to provide launch
services. NASA argued that launch vehicles were in short supply and must be rationed.
The rationing mechanism would be a competition to design a MEO communications
satellite. Proposals were submitted to NASA by seven companies—including Hughes
(Syncom) and AT&T (Telstar). RCA won the competition for the Relay satellite in
May 1961, but AT&T was allowed to purchase launch services and the Hughes satellite
was jointly funded by NASA and DOD by the end of that summer.

On 10 July 1962, at 8:25 UT (4:25 a.m. EDT) the Delta carrying Telstar 1
lifted off from its pad at Cape Canaveral. AT&T had placed a commercially funded
communications satellite in orbit before the government-funded projects, but the
Communications Satellite Act would be passed less than two months later. AT&T,
after expending more than $100 million (in 1960 USD) was out of the satellite
manufacturing business for good. The NASA/R CA Relay (MEO) and the Hughes/
NASA Syncom (GEO) satellites would be launched over the next two years.

The Communications Satellite Act of 1962

Just after NASA’s announcement of the R elay communications satellite program
award to RCA, President John E Kennedy delivered a speech to Congress on “Urgent
National Needs.” In this famous 25 May 1961 speech, Kennedy promised to land a
man on the Moon and also asked the Congress to provide the funds that “will make
the most of our present leadership, by accelerating the use of space satellites for world-
wide communications.” This speech has been characterized as being driven by the
unfortunate events of April 1961—Gagarin’s orbital flight and the Bay of Pigs—but
his comments echo the Wiesner Committee’s “Report to the President-Elect of the
Ad Hoc Committee on Space,” delivered to Kennedy on 10 January 1961.%! It is also
consistent with his State of the Union message of 30 January 1961:

Finally, this Administration intends to explore promptly all possible
areas of cooperation with the Soviet Union and other nations “to
invoke the wonders of science instead of its terrors.” Specifically,
I now invite all nations—including the Soviet Union—to join
with us in developing a weather prediction program, in a new
communications satellite program and in preparation for probing
the distant planets of Mars and Venus, probes which may someday
unlock the deepest secrets of the universe.*

31. http:/ /www.hq.nasa.gov/office/pao/History /report6 1. html (accessed 24 August 2007).
32. http:/ /www.infoplease.com/t/hist/state-of-the-union/174.html (accessed 24 August 2007).
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In any case, politics—cold war politics—would be a driver in deployment of
communications satellites.

The Space Council drafted an Administration Bill in November 1961
providing for a public-private corporation directly regulated by the president.
Before it was submitted, Senator Robert Kerr (D-Oklahoma) submitted a similar
bill that gave more control to the international communications carriers—as the
FCC recommended. Another bill was introduced by Senator Estes Kefauver (D-
Tennessee) that advocated government ownership. The Administration Bill passed
the House 354 to 9 and, after a liberal filibuster, passed the Senate 66 to 11. On 31
August 1962, President Kennedy signed the bill into law.

The Interim Agreements

Comsat had been advised by the common carriers—especially AT & T—that
bilateral arrangements between Comsat and each of the foreign post, telegraph, and
telephone (PTT) organizations were preferable. Even as bilateral negotiations were
being considered and before the incorporators had met, a UK., Canada, and U.S.
(Foreign Ministry/State Department) conference on satellite communications took
place in Washington. In October of 1963, the International Telecommunications
Union (ITU) held an Extraordinary Administrative Radio Conference (EARC)
in Geneva to discuss frequencies for satellite communications. Somewhat to their
surprise, Comsat got almost everything they wanted out of the conference. **

Comsat, and later Intelsat, had a major problem: Were they “commercial”
entities, in the limited sense that government-owned PTTs were “commercial,”
or were they instruments of foreign policy? If they were commercial entities, then
their purpose was to earn a profit for their owners by providing global satellite
communications. If they were profit-oriented, then decisions should be based on
costs and profits. For a long period, purchase of American satellites by Comsat and
Intelsat was based on the cost-benefit analysis that these showed these satellites
would provide the best service—and hence greatest profits—at the lowest cost.
If Intelsat and Comsat were instruments of foreign policy, however, then profits
were irrelevant. If these organizations were instruments of technological advance,
then each country should obtain “work” (manufacturing contracts) in proportion
to their contribution of funding. This later became the European Space Agency’s
(ESA’s) principle of juste retour.>*

In early 1964, the United States (the State Department and Comsat) met with
the Europeans in Rome. It was clear at this meeting that the Europeans would insist
on some amount of control over satellite communications. The next meeting was
in London with additional participation. At this meeting it became obvious that

33. Joseph McConnell interviewed by Frederick Durant III, 18 July 1985; William Gilbert Carter
interviewed by Nina Seavey, 15 July 1985.

34. Ibid.



304 SOCIETAL IMPACT OF SPACEFLIGHT

there would be two agreements: a government-to-government agreement and a
PTT-to-PTT agreement, with Comsat as the American PTT. The final version of
the interim agreements was presented to the world on 20 August 1964 in Vatican
City, where 14 countries immediately signed it. It is interesting to note that during
this negotiation process, Comsat contracted for the geosynchronous Early Bird and
raised $200 million in an initial public offering (IPO).*

The three most important consequences of this interim agreement were: (1)
Comsat would not go it alone, but it would manage the interim system under
an Interim Communications Satellite Committee (ICSC); (2) the organization
would have both Foreign Office and PTT representation; and (3) a new definitive
agreement would be negotiated in five years.*

Early Bird and Intelsat-11

Early Bird was launched in April 1965 and entered service in June. A few months
later, the interim organization adopted the name Intelsat. Four Intelsat II series satellites
were launched in 1966—1967; three were successful. The Intelsat IT series was launched
to support NASA’s Apollo program. Early Bird covered only the northern hemisphere
over the Atlantic Ocean Region (AOR).The Intelsat II series covered the globe and
were located over both the AOR and Pacific Ocean Region (POR).

The Intelsat Definitive Agreements

‘When it came time to meet in February 1969 to discuss the definitive arrangements,
the old disagreements were still present. The ICSC, representing the Intelsat consortium,
had been dominated by Comsat. The first Plenipotentiary Conference was held from
24 February to 21 March 1969 in Washington. All but one of Intelsat’s 68 member
states sent a delegation. Some indication of where things might be headed was the
reception that Katherine Johnsen of Aviation Week & Space Technology got when she tried
to interview the members of the ICSC in 1967: 17 agreed to be interviewed; only John
A. Johnson refused. Similarly, at an ICSC meeting in December 1968, a vote was taken
as to whether Comsat should remain as manager: the result was 17 to 1 against.”

The third and final Conference on Definitive Agreements began on 14 April 1971.
On 20 August 1971, the Agreements were opened for signature and by 14 December
1972 two-thirds of the members had signed. Sixty days later, on 12 February 1973, the
interim agreements were terminated and the new agreement entered into force.™
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The strange public-private, commercial-political nature of Comsat was also
reflected in the structure of Intelsat. Intelsat had two “governing bodies’: nations signed
the Intelsat Agreement (also referred to as the Intelsat Treaty), but telecommunications
entities (signatories) signed the Intelsat Operating Agreement. The Intelsat Assembly
of Parties consisted of the sovereign governments that signed the Intelsat Agreement.
Voting in the Assembly was by country: one nation—one vote. Its powers were limited.
The Meeting of Signatories consisted of all the telecommunications entities that signed
the Intelsat Operating Agreement.Voting in the meeting was on the basis of shares and
the shares were allocated (and paid for) on the basis of usage. This has been referred to
as “one telephone call-one vote”” A board of governors had functions similar to the
ICSC, or to the functions of a commercial board of directors. The Board consisted
of about 20 members, each having a minimum specified investment, and individual
representatives of member-groups whose total investment met the minimum specified
(about 2 percent). Finally, there was a manager (Comsat for six years after the agreements
enter into force, terminating on 12 February 1979), reporting to a secretary general until
31 December 1976 and to a director general thereafter.

The major antagonists, the United States and the Franco-Europeans,each compromised
in some way but the result was both semi-commercial and semi-political. It could be argued
that the State Department got what it wanted because the third-world countries wanted
international communications at reasonable rates and with some national control—at least
control of their own Earth stations. The Europeans continued to complain that satellite
contracts went exclusively to the United States (until the 1990s), but the third-world
countries preferred cheaper, higher-quality American satellites and launch vehicles.

Intelsat III and IV

Comsat had not officially chosen geosynchronous orbit when the Intelsat II1
contract was put out for bids. Hughes decided not to bid an MEO option. This allowed
TRW to sneak in a winning bid. These satellites were the first to provide coverage of
the Indian Ocean Region (IOR). Almost in parallel to the Intelsat III program was
the Intelsat IV program. The first three generations had relatively limited capacity.
Intelsat IV would be a significant increase in power, number of transponders, mass,
and coverage options. The first three generations had Earth coverage only. Intelsat I11
was considered a big advance because it had a despun antenna that always pointed at
Earth—dramatically increasing equivalent isotropically radiated power (EIRP). Intelsat
IV had two narrowbeam antennas covering the East and West hemispheres. Because of
its size, this series would use the Atlas-Centaur launch vehicle instead of the Delta. About
20 percent of the content was provided by international manufacturers.

It was no surprise when Intelsat discovered that North Atlantic traffic (AOR)
was greater than POR or IOR. Intelsat IVA F6 was the last satellite launched by
Comsat as Intelsat “manager.”’ The definitive agreements left them without a major
role in satellite development. Comsat still monitored construction under contract to
Intelsat, but executive decisions were made by Intelsat.
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Domestic Satellite Communications

Neither the Communications Satellite Act of 1962 nor the Interim Intelsat
Agreements precluded domestic communications satellites (domsats). It was
assumed—and later made explicit—that domsats should not interfere with
Intelsat. A small working group was put together in 1969 to formulate Nixon
administration domsat policy. Among the members of the group was Clay T.
Whitehead. Whitehead’s boss, Peter Flanigan, sent a memo to Dean Burch at the
Federal Communications Commission (FCC) recommending open entry—"“open
skies”—on 23 January 1970.Thirteen entities had already filed for authorization to
launch domsats. In March 1972, the FCC released a proposed Second Report and
Order on DOMSATS, requesting that the filers consolidate their filings. Nobody
liked this. The actual Second Report and Order was released on 16 June 1972 after
a 4 to 3 vote by the commissioners. The dissenters objected to the restrictions on
AT&T and Comsat. A final Report on DOMSAT was issued 22 December 1972
modifying (but retaining) these restrictions.

Meanwhile, Canada had quickly decided to launch a Canadian satellite to
service the Far North. In 1967, the Chapman Report recommended that a satellite
system be developed. In 1969, Telesat Canada was established. On 9 November
1972, Anik A1—a Hughes HS-333—was launched on an American Delta launch
vehicle. RCA Global Communications began service to Alaska on Anik. RCA may
have been first into service, but Western Union (the telegraph company) was the
first U.S. company to launch its own satellite (13 April 1974).

RCA built its own satellite using the services of RCA Astro-Electronics in
East Windsor, New Jersey and RCA Canada (later Spar) in Montreal. The RCA
satellites had twice the number of transponders and twice the power of the HS-
333.They were the first operational (as opposed to the experimental ATS-6 and
Symphonie) three-axis-stabilized communications satellites.

AT&T had built its own experimental Telstar satellites but opted to buy
Hughes satellites for its operational program. More accurately, it leased satellites
from Comsat. AT&T was constrained to provide only point-to-point services—
they could not offer television distribution services.

Indonesia was the third nation to launch a commercial geosynchronous
communications satellite business. The Palapa series, like Anik and Westar, was based
on the HS-333. Within a few years of the first launch, the tens of thousands of
Indonesian islands were connected via satellite.

The Television Revolution

The original U.S. filing for a domestic communications satellite had been
made in 1965 by ABC with encouragement from Hughes. Comsat and Intelsat had
never been much interested in television—some at Comsat argued that only four
television transponders were necessary, one for each network (ABC, CBS, NBC,
and educational television). Some at RCA (owners of NBC) argued that at least 20
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transponders were needed—one for each of the four networks in each of the three
time zones plus one for each NFL game. Although a few had seen the future, the
explosion in television, especially non-network cable television, was a shock. Within
a few years there were a dozen satellites carrying more than 200 transponders. Two-
thirds of the traffic was television—a ratio that persists to this day. By the 1990s
in the U.S. (earlier in Europe) dedicated direct-to-home broadcast satellites had
revenues in the tens of billions of dollars.

COMSAT AND INTELSAT:
COMPETITION AND OTHER PROBLEMS

Comsat was looking for a mission after 1979. The company tried domestic
satellites (Comstar with AT&T, SBS with IBM), broadcast satellites (STC), software,
ground systems, and especially Earth stations (RSI). None of them worked. By
the mid-1980s the company’s profits were bouncing up and down. It seemed that
every other year the company lost tens of millions of dollars. Intelsat did well in
these years, and it was still the largest and most profitable satellite company. It had
few business barriers because its owners were the national PTTs. In the late 1980s
competition did begin to affect Intelsat. More dangerous was the fact that the U.S.
government was seeking to destroy its monopoly.

There hadlongbeen concerns that Comsat/Intelsat wasamonopoly and monopolies
are “bad” On 28 November 1984 President R eagan announced that “separate systems”
were required in the national interest. Based on the president’s decision, the FCC began
granting conditional licenses. On 25 July 1985 the FCC issued its Separate Systems
Report and Order. On 1 June 1988 PanAmSat’s PAS-1 was launched and eventually
drifted to a longitude of 45°W to provide trans-Atlantic service.

That same year, the fiber-optic TAT-8 cable began to provide service across
the Atlantic—service that was cheaper than Intelsat. The trans-Atlantic telephone
cables had always competed with satellite transmission across the Atlantic but the
savings, if any, were minimal. Fiber-optic cables were cheaper, provided higher-
quality transmissions, and much higher data rates.

Comsat and Lockheed

How did it all begin? In 1995 Lockheed and Martin Marietta merged. The earlier
combination of RCA Astro and GE Space that had been purchased by Martin Marietta
became Lockheed Martin Commercial Space Systems (LMCSS). Martin Marietta had
been looking at getting into communications satellite operations rather than (or in addition
to) manufacturing. Profit margins in manufacturing looked sim compared to operations.

By early 1998, it seemed clear that Comsat was on the market. Early in the
year, Comsat denied that it was being acquired by Loral.*” In July, fallout from the
Cox Report caused aerospace stocks to tumble: Comsat fell to $28.75 from $42

39. “COMSAT Denies Acquisition Report,” Washington Business_Journal, 18 February 1998.
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over a “couple months.”*’ Comsat claimed it was in the process of “unlocking the
value of investments in Intelsat and Inmarsat.” On September 20, Lockheed (LMT)
announced plans to purchase Comsat after failing to buy Northrup Grumman for
$8.3 billion. The Lockheed offer was for 49 percent of the Comsat stock at $45.50
per share with the last 51 percent to be purchased, with one share of Lockheed
for two shares of Comsat. The total value of the purchase was about $2.7 billion.
The Lockheed oftering of $45.50 was about one-third higher than the market
price $341/8. Comsat was apparently vulnerable to takeover due to its small size.
Lockheed shares fell while Comsat shares climbed.*!

On August 20, 1999 Comsat shareholders voted to accept LM T’ ofter (99 percent
of votes, 74 percent of shares). The plunge in value of Lockheed shares reduced the value
of the deal from $2.7 billion to $2.2 billion.** On September 15 the FCC authorized
Lockheed to purchase 49 percent of Comsat. Lockheed was also authorized to buy
Comsat Government Services, Inc. (CGSI).* In addition to buying 49 percent of the
shares at $45.50 per share, the remaining 51 percent would be a share-for-share deal
(Lockheed had split). Lockheed would also assume $455 million in Comsat debt.** On
September 16, the Department of Justice authorized the Lockheed-Comsat merger.*

The Orbit Act of 2000

In 1996 the U.S. Government Accountability Office (GAO) made a report to
Congress, requested by Thomas J. Bliley, Jr. (R-Virginia), on Intelsat restructuring. *°
In 1997 Bliley and Edward J. Markey (D-Massachusetts) submitted a bill (H.R. 1872)
to privatize Intelsat and Inmarsat.*” On 30 July 1997 Senator Conrad Burns (R-
Montana) and his Communications subcommittee held hearings on “Satellites and
the Telecommunications Act.” The FCC, NTIA, and State Departments testified, as
did Intelsat, PatnAmSat, and Comsat.* The claim was made that Comsat’s markup on
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Intelsat pricing was as much as 86 percent.*” On 25 March 1998, the House committee
passed the Bliley bill (H.R. 1872), including “direct access” and a variant of “fresh look.”
“Direct access” allowed customers to deal directly with Intelsat—bypassing Comsat.
“Fresh look™ afforded customers an opportunity to renegotiate all Comsat-mediated
contracts for Intelsat bandwidth. Intelsat’s Tony Trujillo commented that the bill was
fatally flawed.>® Nevertheless, H.R.. 1872 passed the entire House on 6 May 1998.

The House bill provided for both “direct access” and a variant of “fresh look.”
Sen.Burns introduced a difterent bill (S.2365) on July 29,a bill seen as more favorable
to Comsat.” PanAmSat claimed that S. 376, the Open-Market R eorganization for
the Betterment of International Telecommunications (ORBIT) bill did not go far
enough. On January 21, Tom Bliley asked the FCC to reject any ownership greater
than 10 percent until after the passage of reform legislation. On 5 May 1999, the
full Senate committee approved the ORBIT bill (S.376).> On July 1, the ORBIT
bill was passed unanimously by the Senate.“Fresh look™ was not allowed, but “direct
access” was. Tony Trujillo of Intelsat described the bill as “the heavy hand of the U.S.
Congress.”> Senator Lott insisted that Burns allow “direct access” by 1 July 2002.
The Bliley House bill passed in 1998 had removed almost all Comsat privileges.*

On February 17 the House and Senate conference committee reached a compromuise.
Direct access was allowed and the Intelsat IPO was delayed to 1 January 2003. On April
4, an FCC Public Notice was published to the effect that LMT had applied to transfer
control of Comsat to LMT/CGS.* On July 31 the FCC authorized Lockheed to merge
with Comsat based on the provisions of the 17 March 2000 ORBIT Act.”’

The End of Comsat

Lockheed Martin Global Telecommunications (LMGT) did not last long.
On 7 December 2001 (the 60th anniversary of Pearl Harbor), LMGT announced
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that it was shutting down its operations. Some units would be absorbed by other
Lockheed divisions, some units would be sold off, and some units would simply
disappear. Earlier that year, much of Comsat Laboratories was sold to ViaSat. In
January 2002 the sale of Comsat Mobile Communications to Telenor had been
finalized. In March 2002 Lockheed sold its remaining Comsat World Systems
facilities to Intelsat. Finally, in 2004 Comsat General’s remaining facilities were also
sold to Intelsat by Lockheed. The public-private experiment was over.

Merger with PanAmSat

After the dot-com crash and general telecom meltdown of the early twenty-first
century, market share and profitability became critical. On 28 August 2005 Intelsat
and PanAmSat agreed to merge. The merger of the second- and fourth-largest fixed
service satellite (FSS) companies would produce a giant that owned between a quarter
and a third of all ESS satellites. What makes this merger particularly strange 1s that
PanAmSat was formed as “the non-Intelsat” by René Anselmo in 1984. The PanAmSat
motto was “Truth and technology will triumph over bullshit and bureaucracy.” René
despised the Comsat-Intelsat monopoly. The PanAmSat mascot was the dog Spot—
usually seen urinating on the leg of a representative of bullshit and bureaucracy.

Intelsat agreed to buy PanAmSat Holding Corp. for $3.2 billion in cash. The
merged companies would form the world’s largest satellite company and give the
companies a more diversified set of businesses. The new company would own 53
satellites spanning the globe and generate annual revenues of more than $1.9 billion.

On 7 July 2006, the $6.4-billion purchase of PanAmSat was completed, creating
amerged company carrying one-quarter of the world’s commercial satellite-delivered
television programming.The acquisition leaves PatnAmSat a wholly owned subsidiary
of Intelsat. The combined company would initially lose money. PanAmSat earned
$72.7 million in 2005 but Intelsat lost about $325 million. Intelsat chief executive
David McGlade told The Washington Post that, given the level of debt and interest
payments, the company did not expect to become profitable in the foreseeable
future. He said the company’s investors have been pleased with Intelsat’s positive
cash flow and its heavy backlog of orders. The traditional core of Intelsat’s business
has been telephony, a difficult market in recent years. The combined company will
be more diverse with the addition of PanAmSat’s television customers.>®

Societal Impact of Communications Satellites

Revenues for commercial satellite applications have been dominated by satellite
communications.” This industry has yet to attain the $100 billion estimated in the

58. hitp://broadcastengineering.com /beyond_the_headlines/intelsat_mergers_panamsat/?r=1 (accessed 24 August 2007).

59. Much of the material for this section comes from the Satellite Industry Association and Futron.
SIA/Futron, State of the Satellite Industry Report (San Diego, CA: SIA/Futron, June 2006).
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early days, but total revenues are approaching this figure ($88.8 billion according to
SIA/Futron). The fixed (FSS), mobile (MSS), and broadcast (BSS) satellite service
sectors had revenues exceeding $50 billion in 2005. Direct broadcast satellite (DBS)
revenues led at $41.3 billion, followed by FSS revenues at $9.8 billion and MSS
revenues at $1.7 billion.

SoME FINAL THOUGHTS

The first space application to be operationalized was remote sensing with the
launch of the first Discover on 28 February 1959. One could argue that “success”
wasn’t achieved until August 1960 but, in any case, this was the first application
where significant funds were expended. These funds came from DOD (Air Force)
and the intelligence community (CIA). Neither NASA nor commercial firms were
involved except as manufacturers or other contractors. Although NASA launched
the first Earth Resources Technology (ERT)/Landsat satellite in 1972, it is not clear
that remote sensing has ever been truly commercialized, although one can argue
that by the twenty-first century it was possible to buy fairly high-resolution imaging
on the open market.

The second space application to be operationalized was navigation with the
launch of the first Transit on 17 September 1959. Transit funding came from DOD
(Navy), as did funding for GPS/NAVSTAR (Air Force) later. In 1967, Transit use by
the civilian maritime industry was allowed. Although funding for the satellites has
come exclusively from DOD, this application has definitely been commercialized, as
evidenced by the billions of dollars expended every year for GPS receivers.

The third space application to be operationalized was weather with the launch
of the first TIROS on 1 April 1960. TIROS was based on the RCA proposal for a
reconnaissance satellite. Initial funding came from the Army but the project was
transferred to NASA. NASA funded TIROS and many of its upgrades, although many
of these upgrades were initially funded by DOD on the DMSP program. The Weather
Bureau eventually began funding operation of the satellites and, somewhat later,
satellite procurement. NASA seems to have taken the lead on geosynchronous weather
satellites, launching the first Synchronous Meteorological Satellite (SMS-1) in 1974.
Commercialization of this application probably started with the launch of TIROS-1,
but transfer to the Weather Bureau (ESSA) didn’t formally occur until TOS in 1966.

The fourth space application to be operationalized was communications with
the first launch of Telstar on 10 July 1962. Earlier dates (Courier and Echo in
1960) and later dates (Syncom 2 in 1963) can be proposed, but it is fascinating to
observe that the most commercial of all space applications was the last to be actually
launched. Not surprisingly, it was the first to be commercialized—in every sense of
that word—when Early Bird was launched on 6 April 1965. Funding for the earliest
communications satellites is complicated. By far the largest investor was AT&T but
much of that investment was for manufacturing capability. NASA was the second-
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largest investor, funding most of Syncom and all of Relay. Hughes was the third-
largest investor and may have gained the greatest profit by building proto-Syncom
with its own funds.

Communications satellites showed the most interesting behaviors, possibly
because they are so commercial. The failures—Aerosat, SBS, STC, the LEOs, and the
MEOs—all seemed to have misread the market for their offerings. The international
projects (Inmarsat and Intelsat) seemed to have generated geopolitical hassles. Others
have had trouble generating profits, such as DARS and, to a lesser extent, DTHTV.

It is interesting to note that the earliest space applications are the ones
developed by or for DOD (reconnaissance and navigation). It should be no
surprise that the most commercial of all the applications (communications) shows
the greatest commercial funding and the earliest commercialization. The role of
NASA is hard to evaluate. NASA seems to have been more of a facilitator than
anything else. NASA had no real part in reconnaissance and navigation but certainly
“facilitated” the development of weather satellites. It is also possible to claim that
NASA “facilitated” the development of communications satellites. If NASA had
not been involved, AT&T would have gone ahead with its MEO Telstar system.
This might have made it very difficult for the Hughes “better idea” to make it into
a marketplace that was dominated by AT&T. It would be interesting to examine
the effect on NASA priorities of its R&D agency status. Any application developed
by NASA would have to be given away. Perhaps one measure of NASA’s influence
would be to examine what would have happened without NASA. R econnaissance,
navigation, and communications satellites would have been developed by DOD
and industry, but the weather story is more complicated. DOD did not want their
weather pictures circulated; DMSP is proof of this. It is not clear that the Weather
Bureau would have invested the funds that NASA made available. NASA is still
supporting development of weather satellites.

Applications satellites are not as glamorous as Moon landings—or Mars
landings—but they have made a huge difference in the world we live in: financially,
culturally, and in the areas of safety and security. They have created the global village.
It is a feisty, angry, violent village, but there are fewer unknowns and a greater
chance for peace and prosperity.



CHAPTER 16

NASA AND THE ENVIRONMENT:
SCIENCE IN A PoriTticAL CONTEXT

W. Henry Lambright'

he advent of the Space Age has paralleled the rise of the environmental

movement. NASA was born in 1958 and Rachel Carson wrote Silent Spring in
1962; that book is generally seen as marking the onset of modern environmentalism.?
NASA has intersected with the environmental movement—a set of values and
interest groups concerned about the need to protect our natural setting for the
current and future generations—in many ways over the years. How did NASA do
so? How did it evolve an environmental mission? What did it do with that mission?
What were the consequences for society—and NASA—of its environmental role?
To answer these questions, this paper will discuss two of the most important ways
NASA and the environmental movement related.

First, NASA has had direct impacts through the images of Earth taken by
Apollo astronauts as well as by satellites in Earth orbit. Those satellite images and
theories about Earth as a system evolved into an organized NASA program, initially
called Mission To Planet Earth (MTPE), later the Earth Sciences Program. Second,
there was an indirect relation through NASA’s mission from Earth. Comparative
planetology came into existence as a new field; learning about other planets
stimulated better understanding of Earth.

There are many other issues in the NASA—environment relation, such as
space debris and the contamination of other planets, but these two themes—Earth
monitoring and comparative planetology—are especially salient in NASA’s history,
present, and likely future. The first theme focused on the use of space-based remote
sensing and became the dominant emphasis in NASA’s environmental history.

1. The author wishes to thank NASA for support for this paper’s research and also Sara Pesek for
research assistance. Ms. Pesek was a Master of Public Administration graduate student at the Maxwell
School of Syracuse University.

2. There are those who would date the beginning of the modern environmental movement from
an earlier Rachel Carson book, The Sea Around Us (1951). Silent Spring came out in 1962. Carson
worked for the Bureau of Fisheries, which became the National Marine Fisheries Service within
NOAA. Personal correspondence, John Cloud, NOAA, to author, 25 September 2006.
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There evolved a set of satellites that can be seen as environmental satellites. They
are the centerpiece of NASA’s mission to Earth.That mission has had an uncertain,
somewhat uneasy relationship with other parts of NASA and other agencies. Some
people think it 1s NASA’s most societally relevant mission whereas others think
it is extraneous to NASA and belongs somewhere else—the National Oceanic
and Atmospheric Administration (NOAA) is the usual candidate. Virtually every
observer has found it a controversial mission, one in need of high-level policy
attention and improvement for the sake of NASA, the nation, and the world.

The second theme, comparative planetology, has indirectly influenced the
main debate—a reminder of the fact that Earth is an island home in the vast sea of
space and is the only planet (so far) supporting life. NASA’s long association with
the environmental and Earth sciences has been fruitful but it has also been contested
and even tortuous. The history of NASA and its environmental mission is one of
science in a political context.

BEGINNINGS IN THE APOLLO YEARS

In the 1960s,as NASA concentrated on the Moon project and environmentalism
emerged as a conscious political and philosophical movement, NASA began to
monitor aspects of the environment in the name of an “applications” program,
part of NASA’s Oftice of Space Science and Applications (OSSA). Its chief activity
was initially weather satellites. Early on, NASA negotiated a relationship with the
predecessor of NOAA, the Weather Bureau, such that NASA developed weather
satellite technology and then transferred it to the weather forecasting agency for
operational use. The weather satellite program was clearly one of the great successes
of the 1960s. It was obvious to all that weather satellites improved forecasts and
aided early warnings of approaching hurricanes. There was a technology push from
NASA and a pull from a user agency.’

Comparative planetology also began in the 1960s, with the Mariner spacecraft
flybys of Venus and Mars.Venus revealed a runaway greenhouse eftect that heated it
into an inferno, providing an early example to some scientists of what could happen
here. Mars also seemed inhospitable to life. But the most important impacts on the
environmental movement of the early space program were pictures of Earth taken
by Apollo astronauts, beginning with Apollo 8 in 1968—the Christmas Eve flight
around the Moon. For the first time, humanity saw a blue Earth in the desolate
blackness of space. As the environmental movement emerged, it used these images

3. Homer Newell, “Space Science and Practical Applications” in Beyond the Atmosphere: Early Years of
Space Science (Washington, DC: NASA, 1980).
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of our planet as a symbol for the first Earth Day in 1970.Without a doubt, the space
program helped catalyze the environmental movement, especially insofar as getting
it to think about the global environment.*

NASA IN THE 1970s

The 1970s are often called an environmental decade. One reason is that
Environmental Protection Agency (EPA) was born in 1970 and Congress enacted a
sequence of laws to deal with water, air, and other forms of pollution. Another reason
was the energy crisis of the decade, and writings on “limits to growth.”® The Carter
administration, in particular, integrated environment and energy conservation and
conveyed the notion that “small is beautiful.” This notion was applied to technology,
which environmentalists argued had to be “appropriate” to the user.®

The space program in the 1970s mirrored the decade’s political setting. NASA
devolved from Apollo, whose Moon flights ended in 1972, to the Space Shuttle.
NASA diminished in size and exploratory capacity. The NASA Administrator, James
Fletcher, who served from 1972 to 1977 (the first of two terms at NASA’s helm)
was personally interested in environmental stewardship, a characteristic Launius has
linked in part to his Mormon roots. However, the situation he faced was problematic.
The environmental movement of the early 1970s had a distinctly anti-technological
flavor. It contributed to the termination of the supersonic transport (SST) in 1971.
There were concerns in NASA that environmentalists might attack the Space
Shuttle as they had attacked SST, on environmental factors. NASA realized that
it needed to research environmental-atmospheric impacts of the shuttle to defend
itself, if necessary, against possible opposition” More positively, Fletcher sought to align
his Agency with environmental values. In 1973, he told Congress that NASA should be
considered “an environmental agency.” He declared:“Everything we do ... helps in some
practical way to improve the environment of our planet and helps us understand the

4. Comparative planetology helped crystallize global warming as an issue. See Spencer Weart, The Discovery
of Global Warming (Cambridge, MA: Harvard University Press, 2003), pp. 87—89. See also Steven Dick and
James Strick, The Living Universe: NASA and the Development of Astrobiology (New Brunswick, NJ: Rutgers
University Press, 2004); Marina Benjamin, Rocket Dreams (New York: Free Press, 2003); and Neil Maher,
“Gallery: Shooting the Moon,” Environmental History (July 2004).

. Limits to Growth was the name of a best-selling book authored by Donella Meadows and others and
published in 1972 under the auspices of a business group called the Club of Rome. It modeled the
consequences of a world with a growing population and limited resources. It was republished in
2002 by Chelsea Green Publishing, White River Junction,Vermont.

(&)1

6. For views of appropriate technology, see E. E Schumacher, “Buddhist Economics,” and Paul
Goodman, “Can Technology be Humane?”” in Téechnology and the Future, 7th ed., Albert Teich, ed.
(New York: St. Martin’s Press, 1997).

7. Kim McQuaid illuminates NASA’s early ambivalence about environmentalism in “Selling the Space
Age: NASA and Earth’s Environment, 1958-90,” Environment and History 12 (2006), pp. 127-163.
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forces that affect it. Perhaps that is our essential task, to study and understand the
Earth and its environment.”®

Fletcher promoted a new Earth-oriented satellite, called Landsat, launched in
1972, that was capable of helping to forecast world food harvests and other resource
issues. Conscious of environmentalist concern about pollution of the stratosphere
from high-flying planes that could extend to the shuttle, he sought legislation to
undergird NASA’s emergent environmental (and shuttle) interests. In 1975 Congress
authorized NASA “to conduct a comprehensive program of research, technology, and
monitoring of the phenomena of the upper atmosphere.” In 1977, Congress required
NASA to issue biennial reports to Congress on the status of ozone depletion, an issue
beginning to worry some scientists and environmentalists. This legislation (1975 and
1977) was important; it gave NASA legitimacy not only to do environmental research
but also to link it with policy.” It was not a“given” that NASA would have this mission
rather than another agency. It reflected NASA’s administrative entrepreneurship and
Congressional support relative to that of potential rivals.

The 1970s also featured the growth of comparative planetology, as a field,
energized by the 1976 Viking mission to Mars and James Lovelocks Gaia
Hypothesis. Lovelock, who published his ideas in 1974, held that Earth was a living
system in which physical and biological components worked together to enable life.
As it developed, the Gaia Hypothesis drew on studies of other planets, including
Viking’s apparent failure to find life on Mars. It made a number of scientists and
environmentalists better appreciate Earth as a precious and vulnerable home and the
role of human beings in altering it. There even were those such as Gerard O’Neill, a
Princeton physicist, who speculated that man might need to migrate beyond Earth
and establish colonies in space—a new, better place, a utopia where a more eco-
friendly existence could be practiced.'

THE RI1SE OoF NASA’S ENVIRONMENTAL ROLE IN THE 1980s

The 1970s produced a set of ideas about Earth as an interacting system. Also,
some scientists felt that techniques used to study Mars could be applied on Earth."
The decade also gave rise to NASA’s thinking more strategically about crafting an

8. Roger Launius, “A Western Mormon in Washington, DC: James C. Fletcher, NASA and the Final
Frontier,” Pacific Historical Review (1995), p. 236.

9. W. Henry Lambright, NASA and the Environment: The Case of Ozone Depletion (Washington, DC:
NASA, 2005), pp. 7-8.

10. Dick and Strick, p. 49; Benjamin, pp. 51, 121-138.
11. In 1976, when NASA sentViking to Mars, it found the intended landing spot to be unsuitable. NASA and
leading Mars specialists searched for three weeks to find a good place, surveying virtually the entire planet.

At the end, Michael McElroy of Harvard declared:“You know, we've never done anything like this for the
Earth.” Burton Edelson, “Mission to Planet Earth,” Science, 227, no. 4185 (25 January 1985), p. 6.
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environmental mission and how better to use the legislation it had obtained for
its atmospheric research. In the 1980s, NASA charted a larger and broader Earth
observation program that built on its work in weather, land satellite monitoring,
and 1initial attempts at ocean surveys. What NASA contributed, through its satellites
and comparative planetology studies, was a perspective different in scale from other
agencies—literally a global view. There were certain environmental issues that were
indeed global in scale and NASA, in the view of some of its officials and external
supporters, was particularly suited to address these.

In 1982, NASA Administrator James Beggs, responding to overtures from OSSA,
went to the United Nations Conference on the Peaceful Uses of Outer Space, where
he called for “an international cooperative project to use space technology to address
natural and manmade changes aftecting habitability of Earth.” The reaction to his
“Global Habitability” overture was overwhelmingly negative—not to the idea of global
habitability but to NASA as leader. “It came across like NASA was trying to take over
the world,” Burton Edelson, associate administrator of OSSA, recalled.'? There had been
no spadework ahead of time to build a coalition of support for the proposed endeavor.
Beggs told Edelson to build that support base with other agencies, the White House, the
scientific community, and the public before surfacing the proposal again.

This he began to do, starting in 1983 with a broad-gauged Earth System Science
Committee. Edelson worked outside and inside NASA—outside with the scientific
community, the National Science Foundation (NSF), and the National Oceanic
and Atmospheric Administration (NOAA) in particular, and inside by establishing
an Earth Sciences and Applications Division within OSSA to augment the Earth
science personnel and presence within NASA. In 1985, Edelson wrote an editorial
in Science magazine. Dropping the “Global Habitability” name, he proclaimed the
need for a new “Mission To Planet Earth.”"® While this planning and support-
building was underway, events provided NASA an opportunity to demonstrate how
it could lead in a new global environmental mission.

The issue was ozone depletion. It had risen and declined as an 1ssue in the 1970s
but in the mid-1980s had returned with a vengeance. In 1985, British scientists
using ground-based studies discovered extraordinary and shocking ozone depletion
over Antarctica. NASA quickly followed-up with satellite observations confirming
what became known as the “ozone hole”™*

The media, using NASA satellite images, conveyed an eerie and graphic display
of a gigantic hole that seemed to grow like an organism over Antarctica. The images
alarmed the public, as they were accompanied with reports of how skin cancer could
be caused by ozone depletion if the hole spread to more populated places. Scientists,

12. W. Henry Lambright, “Entrepreneurship and Space Technology:The Ups and Downs of ‘Mission to
Planet Earth,”” Public Administration Review (March/April 1994), pp. 97-104.

13. Edelson, “Mission To Planet Earth.”
14. Lambright, NASA and the Environment.
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media, environmentalists and politicians sounded the alarm. Industry defended itself
against over-hasty regulations, but was on the defensive.

NASA seized the initiative. It had the legislation from the 1970s that gave it
legitimacy to take a “lead agency” role on the science side of this issue. It organized a
scientific expedition to Antarctica. Enlisting NOAA, NSE academic scientists from the
United States and abroad, and even industry researchers, NASA and its allies sought
to determine the cause of the hole. Robert Watson, an energetic OSSA manager,
was the prime mover in the Antarctic expedition. He struck a close alliance with a
key scientist-administrator of NOAA, Dan Albritton, and practiced what Albritton
called “ecumenical” leadership. One Antarctic expedition was soon followed by
another, more extensive one. It became increasingly clear to the scientists that the
prime suspects behind the hole were common chemicals called chlorofluorocarbons,
or CFCs, found in a host of everyday products. This growing consensus extended to
industry scientists involved in the expedition and was endorsed by an independent
group of scientists Watson set up to review the expeditions’ findings.

‘Watson and Albritton played dual roles—scientist-administrators of two agencies
collaborating in an ad hoc program to determine causality in ozone depletion, and
science advisors to the State Department and the EPA.These “policy agencies” were
users, in real time, of information from the science agencies. There was again a push and
pull on the part of providers and users. The technical information—what was known
and what was not known—was conveyed to diplomats in the field. The diplomats were
meeting under international political pressure to act, and did so in 1987, producing
the pathbreaking Montreal Protocol, an agreement which set deadlines for replacing
CFCs with less harmful chemicals. The Montreal Protocol was remarkable in calling
for amendments as science produced more precise knowledge. Ozone depletion in
many ways became the model for subsequent international environmental policy.

It was also seen as a potential model for NASA. NASA leaders contemplated ozone
depletion as the first step in the broader global environmental initiative it had sought since
1982.The ozone experience, highly positive for NASA in a public relations sense, took
place in a period when the Agency otherwise suftered severe criticism for the Challenger
Space Shuttle disaster. That disaster, in 1986, had brought James Fletcher back to the Agency.
While presiding over NASA’ return to flight, he also looked ahead to new missions. He
asked Sally Ride, America’s first woman in space, to study possible initiatives beyond the
space station, NASA’s existing flagship project, that would give long-term direction to the
Agency. Her 1987 report listed four options, without giving any priority. The first she
listed, however, was a Mission To Planet Earth. Calling the mission of “fundamental
importance to humanity’s future,” Ride said NASA was “uniquely suited to lead the
effort.” In the wake of the ozone experience, NASA was now in a far better position
to make the case politically for a new mission than it had been in 1982."

15. Lambright, “Entrepreneurship and Space Technology.”
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AcHIEVING PoLicy ADOPTION

Advocates of the new mission, largely in OSSA, began pushing harder for policy
adoption of a new program. Drawing on the work of the Earth System Science
Committee, which completed its studies in 1986, NASA set as the new program’s
centerpiece an Earth Observation System (EOS). EOS would feature two 13-ton,
bus-sized platforms launched by the Space Shuttle and linked with the Space Station
Freedom. They would have multiple sensors, enough to permit comprehensive and
simultaneous views of land, atmosphere, and sea interactions. The estimated cost of a
system that delivered 15 years of observations was $30 billion. The full system would
be launched by 2001. A series of specialized “precursory” missions in the 1990s
would lead up to the main event, an operational two-platform EOS replete with
an unprecedented data-handling and disbursing system. The EOS vision included
potential additional systems contributed by other nations.

A program this big could only be justified if applied to a very big problem.
The problem that had emerged over the 1980s in parallel with EOS planning was
called “global change” Global change included, but was not limited to, climate
change. Climate change was a politically neutral way of referring to global
warming. Global warming was controversial among scientists and even more so
among politicians. Climate change was a much more complicated problem than
ozone, both scientifically and politically. Climate change had even been connected
with scientific opposition to the Reagan administration’s nuclear weapons policy.
Scientists, led by space scientist Carl Sagan, warned against a “nuclear winter” if
atomic weapons were ever used. Whether hot or cold, Earth’s climate was complex
and many scientists felt it premature to forecast a dire future, for whatever reason,
given existing understanding. Moreover, there was not an ozone hole to focus
scientific work and trigger policy action. Instead, there was a slow accumulation
of contentious scientific information. Although NASA’ lead role in investigating
ozone depletion might be seen by the Agency to be a model for a Mission To
Planet Earth, the transfer of the model to climate and global change would not be
straightforward. NASA had no special legislation that gave it legitimacy to assert its
claims, but at least one man within NASA was asserting his own views.

In 1988, James Hansen, director of NASA's Institute for Space Studies, proclaimed
before Congress that global warming was almost certainly a reality now. He declared
to reporters afterward that it was time to “stop waffling and say that the evidence is

pretty strong that the greenhouse effect is here”'®

His view was not popular with
the Reagan White House. The Reagan administration established an interagency
committee, whose dominant members were NASA, NOAA, and NSE to get at the

facts. From this committee, initially called Committee on Earth Sciences (CES),

16. Weart, p. 155.
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came the proposal for a U.S. Global Change Research Program (USGCRP).
When George H. W. Bush became president in 1989, CES had a report waiting
for him and his science advisor, Alan Bromley. Bush said he wished to be “the
environmental president” and, on the advice of Bromley, made global change his
first “presidential priority” in science and technology. Such a designation slated
global change for policy adoption and budget support. The USGCRP combined
space and ground-based observations. The largest single item in the interagency
effort would be EOS, but NASA was not a “lead” agency. Leadership was vested
in the USGCRP interagency committee, whose name was broadened, along with
its membership, to Committee on Earth and Environmental Sciences (CEES). In
1990, Bush ofticially adopted Mission To Planet Earth as a NASA priority. Congress
provided endorsements and an initial appropriation to start EOS.The advocates of a
greater NASA role in global environmental monitoring thereby achieved a victory
after almost a decade of planning and strategizing. NASA was poised to use space
technology in a grand eftort to develop an “Earth System Science.” Such a science
would pave the way for a “predictive capability” in global change that would guide
policy makers, and thereby protect planet Earth.!”

WOUNDED AT THE OUTSET

In theory,a new government program moves from adoption to implementation,
at which point it has the opportunity to show its mettle before later undergoing
evaluation and possible mid-course correction. Not so MTPE/EOS. NASA’s
environmental initiative faced drastic reorientation almost as soon as it got underway,
before implementation could commence in a serious way. There were five obstacles
to stable growth it confronted in the years of George H. W. Bush. The first was a
larger, more compelling national policy imperative concerning the overall federal
budget. With the cold war waning and the federal budget deficit soaring, politicians
increasingly wanted to cap spending on discretionary programs as much as possible
to lower the deficit. This put all “big science” programs in danger, and EOS was
clearly big science at a projected $30 billion. The Bush White House and Congress
pressed NASA for redesign to lower costs.

OSSA’s associate administrator, Len Fisk,argued in 1991 for staying the course in
plans and budget. Stating that a “comprehensive” approach was essential, he declared
that Earth was “too complicated, and its workings too interrelated” for a piecemeal
strategy. “It’s a big Earth)” he stated. “and there are big consequences for getting
the wrong answers.”'® Unfortunately for EOS, there was a second problem: lack

17. Lambright, “Entrepreneurship and Space Technology.”

18. Lennard Fisk, “Mission to Planet Earth,” address to Maryland Space Business Round Table, 26
February 1991, NASA History Office Files.
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of cohesion in support on the part of the scientific-environmentalist constituency.
NASA’s own Hansen, clearly alarmed about the global warming issue, said that the
comprehensive approach of EOS would take too long to show results. While saying
he supported EOS, he proposed a short-term, smaller-satellite strategy specifically
geared to resolving the climate change debate."” The Hansen view was shared by
various environmentalists and their prime legislative spokesman, Senator Al Gore
(D-Tennessee). Many environmentalists in fact regarded EOS as an administration
delaying tactic—researching instead of responding to climate change with emissions
controls. At a time when Fisk needed solid backing for EOS, there were fissures in
his potential scientific and environmental constituency.

The third problem Fisk faced was that NASA’s flagship program, Space Station
Freedom, was running into serious opposition in Congress. In her 1987 report, Ride
had mentioned MTPE as one of four new initiatives that would build on the space
station. However, EOS seemed now to be competing with the space station for
funds. Both programs would cost billions. Congress told Bush and NASA: prioritize!
When Congressional threats to terminate the space station forced Bush and NASA
Administrator Richard Truly to choose, they made it clear that the space station was
their priority. Congress in 1991 directed NASA to cap EOS expenditures at $11 billion
through the year 2000. This was $6 billion less than NASA had projected during the
1990s for the two-platform design. Reorientation of the program became essential.>”

The fourth obstacle to the program adopted in 1990 came in April 1992,
when Dan Goldin arrived as NASA Administrator. By this time, the two-platform
design was giving way to a fleet of six satellites, carrying fewer instruments. Goldin
removed Fisk and reorganized OSSA into three smaller units. MTPE/EOS survived,
but Goldin demanded it adhere to his philosophy of faster, better, cheaper (FBC).
He called the original EOS design a “Battlestar Galactica,” and even the six-satellite
fleet failed his criteria.!

The fifth obstacle to implementing the original vision was the end of the relative
political bipartisanship that had made adoption of MTPE/EOS possible in the first
place. In the view of some conservative Republican lawmakers, NASA became
politicized in the early 1990s. Ironically, NASA gave ammunition to its critics. As
it shifted emphasis from ozone depletion to global climate change, it continued its
ozone work, using the first satellite deployed under the MTPE rubric, the Upper
Atmosphere Research Satellite (UARS). The focus of NASA’s ozone research moved
from the South Pole to the Arctic. NASA researchers in early 1992 detected an Arctic
ozone hole opening up and publicly announced that fact with a sense of alarm.

19. James Hansen et al.,”The Missing Data on Global Climate Change,” Issues in Science and Technology, vii,
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Environmentalists, the media, and various legislators demanded action. Senator
Gore, whose book, Earth in the Balance, came out in 1992, pointed out the danger
of an Arctic ozone hole spreading over populated territory in the North. Critics of
Bush said that there would soon be an ozone hole over Bush’s head in his summer
home in Kennebunkport, Maine. Bush did in fact act, using powers he had under
domestic legislation related to the Montreal Protocol. He ordered a speed-up in the
phasing out of ozone-depleting chemicals. There was thus again a swift progress from
science to policy. The only problem this time was that NASA subsequently admitted
that it had sounded the alarm prematurely and that there was no Arctic ozone hole.
Nor, said a chastened NASA spokesman, was there a hole over Kennebunkport.*

The consequence was that conservative lawmakers and media seized the moment
to criticize NASA’s credibility and link the space agency to the environmentalists’
agenda on global warming. As Bush left office, NASA’s environmental mission was
flayed by critics as politicized, and opposition in Congress loomed.

Thus, in the course of just four years—one presidential administration—
NASA’s environmental mission went seemingly from a high priority of NASA and
the nation, with bipartisan support, to an embattled program struggling to survive,
technically and politically.

MORE TURBULENCE UNDER CLINTON

The inauguration of Bill Clinton as president, and especially Al Gore as his vice
president, in 1993 guaranteed that NASA would continue to have an environmental
role. The issue remained one of content and scale. Clinton retained Goldin as NASA
Administrator, and NASA’s Robert Watson moved up to the White House Oftice of
Science and Technology to a new post of associate director of the Office of Science
and Technology Policy (OSTP) for Environment.

The problem for MTPE/EOS was that Clinton, not Gore, was president. Also,
both men had many other priorities and were far more interested in environmental
action—including CO2 emissions reduction—than a long-term research program like
EOS. Moreover, the larger enterprise of which EOS was the centerpiece, USGCRP,
continued but lost momentum as a federal coordinating vehicle. The interagency
committee that led USGCRP (and to some extent MTPE/EOS) found itself engaged
in turf battles with the OSTP Environmental office. “Who was in charge of what”
became an issue that caused confusion in global change policy generally.

Most importantly, Clinton made deficit reduction and economic growth his
top priority and looked to NASA for budget savings. There was at first no guarantee
that NASA’s major program, Space Station Freedom, would survive the transition

22. Lambright, NASA and the Environment.
23. W. Henry Lambright, The Challenge of Coordinating “Big Science” (Washington, DC: IBM, 2003).
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to the Clinton White House and the new Congress. Following Clinton’s decision
to reduce the space station in scale and then his decision to merge Space Station
Freedom with Russia’s Mir-2 space station eftort, the NASA flagship project was
secured within the NASA budget. The president and Congress agreed to stabilize
the budget of the newly rechristened International Space Station (ISS) in succeeding
years. However, the overall NASA budget would hold steady or even decrease, thus
putting strain on other programs.

Goldin applied his faster, better, cheaper formula to space science and MTPE,
but his heart was clearly more with missions beyond Earth, especially Mars, than
Mission To Planet Earth. He cut the MTPE/EOS budget further and brought
Charles Kennell, an astrophysicist from UCLA, aboard to head MTPE. Shelby
Tilford, architect of the EOS program under Fisk, departed, complaining that
faster, better, cheaper was not better in EOS’s case. The budget for EOS was now
down to $7.25 billion for the period from 1993 to 2000. Kennells job was to
reorient EOS further and adapt MTPE generally to Goldin and administration
priorities. Adaptation included Landsat’s return. Landsat, a 1970s NASA initiative,
had spun off in the 1980s to NOAA in what proved a fruitless effort to privatize the
program. It now came back to NASA to become part of an effort to bring space
remote sensing applications “down to Earth.” The aim was to apply space remote
sensing to agriculture, city planning, fisheries, and other practical concerns. The
new emphasis won friends for the program in Congress and the states. The flagship
MTPE program, EOS, continued in development but its ambition was lowered in
accord with the budget.

Although MTPE won friends because of its new “down to Earth” approach,
EOS continued to be a target of critics. Because of its association with global
change and especially global warming, EOS continued to be controversial. When
the Republicans gained control of Congress in 1995, they sought substantial cuts
in EOS. Rep. Dana Rohrabacher (R-California), chair of the House Science
Committee’s Energy and Environmental Subcommittee, derided EOS as concerned
with “scientific nonsense.” Global warming, he charged, was at best “unproven and
at worst . . . liberal claptrap.” Goldin strongly defended MTPE/EOS and, in the
end, the effort to make draconian cuts failed.* The budget projection did go down,
however, to $6.8 billion, along with NASA’s budget generally.” Defenders of EOS
commented sardonically that it was “restructured,” “rescoped,” “rebaselined,” and
“reshaped.” In the end, it stabilized around the development of three intermediate-
sized, multi-sensor satellites, one oriented to land, another to water, and the third
to the atmosphere.

24.W. Henry Lambright, “The Rise and Fall of Interagency Coordination: The US Global Change
Research Program,” Public Administration Review (January, February 1997), pp. 41-42.

25. “Senators Rally Around NASA, Mission to Planet Earth,” The American Institute of Physics Bulletin of
Science Policy News (17 May 1996).
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MTPE/EOS 1N THE SECOND CLINTON ADMINISTRATION

There was relative stability for MTPE/EOS in Clinton’s second term. To be
sure, every year was a budget struggle. However, the precursor and applications
missions showed results and the three EOS satellites made progress in development.
Some of the partisan heat surrounding the program cooled, aided perhaps by NASA’s
changing the name of MTPE in 1998 to the more innocuous “Earth Sciences.” The
aim was to emphasize it as a policy-relevant, not policy-driven, science program—a
subtle shift. Gore did not help NASA’s effort to convey a neutral-science approach,
however, when he proposed a new environmental satellite, called Triana, largely
as an educational/inspirational tool. Detractors called it “Goresat” and Congress
postponed its introduction, thereby taking some of the political heat off NASA.%

Meanwhile, positive results for the environment did flow from NASA
precursor (i.e., pre-EOS) missions. The Agency’s work in ozone was continuing
to bear fruit. The UARS satellite helped NASA monitor ozone depletion and thus
global compliance with the Montreal Protocol. Although it would take years for
the ozone depletion problem to be fully alleviated, there was evidence that the
depletion situation was beginning to improve.

Other important results in precursor missions lay with El Nifo. Working with
France, NASA developed a specialized satellite, called Topex-Poseidon, for measuring
sea-surface temperatures. In March 1997, Topex-Poseidon detected a significant rise
in sea level that spread across the Pacific toward the South American coast. In April,
it found a rise in sea-level temperatures off the coast of Ecuador and Peru and
monitored its spread north and south. This early discovery of a developing El Nifno
indicated that space technology, linked with other technologies of communication,
could provide early warnings for natural disasters associated with the El Nifio
phenomenon.?” Similarly, in 1998, NASA used the Tropical Rainfall Measuring
Mission (TRMM) satellite to model more precisely the formation of hurricanes and
other storms off the coast of Florida. Topex-Poseidon and TRMM again pointed up
the practical value of environmental satellites. NASA’s work in these “near-term”
disasters was generally applauded. It still ran into controversy when it came to global
warming, however. This was because it could not avoid what was happening in its
political setting, where the controversy over the issue intensified.

26. Office of the Vice President, “Vice President Gore Challenges NASA to Build a New Satellite to
Provide Live Images of Earth from Outer Space,” The White House, Press Release (13 March 1998);
“Scripps Institution, GSFC, Picked to Put Goresat at L-1 Point,” Aerospace Daily (29 October 1998),
article 117803. The satellite was eventually terminated. See Andrew Lawler, “NASA Terminates
Gore’s Eye on Earth,” Science (6 January 2006), p. 26.

27. Madeline Nash, El Nino (New York: Warner Books, 2002), pp. 91, 114.
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In late 1997, Vice President Gore defied Congressional sentiment when he
went to Kyoto, Japan, and agreed to a protocol with other nations to cut back
greenhouse gas emissions by a specific amount over a designated span of time.
Clinton said he agreed with Gore but that he would not submit the Kyoto Protocol
to the Senate for confirmation. He would instead emphasize voluntary measures to
reduce emissions to Kyoto standards. The political consensus for binding emissions
reduction and thus the regulation of the energy and automobile industries was not
present, in Clinton’s view. The political debate over Kyoto spilled over to make the
setting for research on climate change more conflictual. %

In 1999, NASA launched the first of its climate-related EOS satellites, Terra.
This satellite emphasized land masses but also had sensors relevant to other aspects of
the physical environment. At $1.3 billion, Terra was intermediate in scale. Although
far from the original concept, it was bigger than the faster, better, cheaper model
Goldin had initially promoted. The remaining two satellites in the three-satellite
series were scheduled to go up in the first term of Clinton’s successor.

ENVIRONMENT AT NASA UNDER GEORGE W. Busu

When George W. Bush became president in January 2001, the major policy
question for the new administration involving NASA and the environment was:
‘What would be NASA’s role in environmental research after EOS? The answer has
come slowly, tortuously, and is still emerging.

In March, Bush withdrew the United States from agreements under Kyoto.
The negative reaction to that decision in the United States and Europe caused
him to subsequently announce he would support research on climate change and
take policy action if it proved necessary. The USGCRP was maintained under
a new label, Climate Change Research Initiative, with the assistant secretary of
commerce in charge of the interagency effort. For a year, NASA’s Earth Science
program was essentially on hold while the administration determined what it would
do. Meanwhile, at the beginning of January 2002, Sean O’Keefe came aboard as
new NASA Administrator. O’Keefe’s priority was the ISS cost overrun, not Earth
Sciences, but he provided support for EOS to complete what had begun under
Goldin. The first EOS satellite was performing well, and the second, Aqua (costing
$1 billion), was launched May 4. As its name implied, Aqua’s mission was to study
the global water cycle, including precipitation and evaporation.”” O’Keefe also
symbolized NASA’s environmental concern by including in its mission statement
the phrase “To understand and protect our home planet.”

28. Lamont Hempel,“Climate Policy on the Installment Plan,” in Environmental Policy, 6th ed., Norman
Vig and Michael Kraft, ed. (Washington, DC: CQ Press, 20006), pp. 294-297.

29. Brian Berger, “NASA Aqua Mission to Study Global Water Cycle,” Space News (29 April 2005), p. 18.
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On 1 February 2003 the Columbia Space Shuttle disintegrated, killing all
astronauts aboard. Once again, momentum for NASA’s future, Earth Sciences
included, was interrupted.That there would be some kind of future for Earth Sciences
seemed clear. In the summer 2003, the State Department held an International
Earth Observations Summit. The United States pledged to provide leadership in
climate change research through an international “system of systems” in which
satellite capabilities of many nations would be coordinated and linked. Following
the conference, NASA announced it would develop on an accelerated pace a new,
post-EOS, climate change-oriented satellite called Glory.*

On 14 January 2004, President Bush announced his Vision for Space
Exploration (VSE) initiative,“To the Moon, Mars,and Beyond.” In line with the new
priority, O’Keefe reorganized the Agency, creating an Exploration Systems Division
and merging NASA’s separate Earth Science and Space Science programs into a
single organization, the Science Mission Directorate. Proponents of Earth Science
viewed the reorganization as a downgrading in priority. Advocates of reorganization
argued that the moving of Earth and Space Science together promoted synergy and
enhanced learning about planetary change in general from work on Earth, Mars,
and other planets. They gave a comparative planetology perspective, one historically
always present as part of NASA’s environmental mission but usually as a background
element. Now it was moved to the foreground to emphasize mutual learning from
missions to and from Earth.

In July, NASA launched Aura, the third and final leg of EOS. Another billion-
dollar satellite, Aura would make comprehensive measurements of the atmosphere
and take over for the aging UARS in monitoring ozone trends.” The completion
of EOS after so many years was a matter of relief for some Earth Science observers,
but frustrating for others.Valuable though they would be, the EOS satellites were far
short of the program creators’ vision: large dual platforms providing comprehensive
and simultaneous air, land, and sea interactive images over a 15-year time frame.
There were many gaps in knowledge to be filled.

The more pressing problem continued to be: What next for Earth Sciences?
Especially: What next in an era when Moon-Mars would increasingly shape all
priorities for NASA? That is, the closer a program was to VSE, the more relevant it
could be seen to be to NASA’s future. The further away, the less relevant. There was
a great deal of concern among scientists and administrators involved with NASA’s
environmental mission that, when push came to shove, they would sufter. Indeed,
budget projections seemed to indicate that fact, as did a decision to cancel the
Glory climate satellite. Moreover, there were rumors that the administration was
considering moving much of NASA’s Earth observation work to NOAA.

30. Brian Berger, “Reversing Course,” Space News (25 July 2005), p. 10.
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The future remained murky when O’Keefe departed and Michael Griffin
came aboard as NASA’s leader in April 2005. Griftin reversed a number of O’Keefe’s
decisions, including the Glory termination. Earth Science had friends in Congress,
especially Sherwood Boehlert (R-NY), chair of the House Science Committee.*
However, Griffin had to deal with the reality of increased shuttle repair costs and a
relatively static overall NASA budget. If VSE were to move forward, money would
have to come from lower-priority programs, including Earth Sciences. At the same
time, the cross-pressured Griffin found himself dealing with a highly public dispute
involving NASA’s outspoken James Hansen. The NASA scientist complained to the
media that administration appointees in NASA’s public affairs office were censoring
his statements about global warming. Griftin declared that NASA scientists could
comment freely about science, and even its implications, but they should make clear
that they spoke for themselves, not NASA, when they crossed the line into policy.
A NASA public affairs official who had allegedly censored Hansen was fired when
it was revealed he had lied about his educational credentials.*

In 2006 Griffin presented a budget that delayed various post-EOS missions but
reinstated Glory.> EOS orbited and provided considerable information, but there
was worry about whether there was enough money to analyze the information
properly. There were also various older specialized satellites, including Landsat,
which needed replacement in some way. NASA was a junior partner in a NOAA-
Department of Defense operationally-oriented system called the National Polar
Orbiting Operational Environmental Satellite System (NPOESS). For a while, the
Bush administration seemed intent on linking NASA’s post-EOS climate science
future to NPOESS, but when NPOESS ran into budget problems of its own,
connecting NASA’s climate role to NPOESS lost a great deal of its rationale.”

‘What NASA needed was an overarching strategy for its future in Earth Science,
one like the one it developed in the 1980s prior to the birth of MTPE and EOS.To
help provide advice, the National Research Council undertook an Earth Science
decadal survey on priorities in the next 10 years. To be completed by November
2006, the survey was intended to help Griffin determine what made sense for the
Earth Sciences program. Griftin, in turn, would require major decisions from the
‘White House and Congress to set NASA on a course fruitful both for science and
climate policy.
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Without question, the Earth Science program was at a crossroad. NASA’s
environmental role was not explicitly mentioned in the overarching NASA mission
statement of 2006. The phrase O’Keefe had used in his mission statement—“To
understand and protect our home planet”—was gone. The new Griffin mission
statement read “To pioneer the future in space exploration, scientific discovery, and
aeronautics research.”*® Whether the omission was symbolic or substantive remained
to be seen. The basic problem NASA Administrator Griftin has faced is that he has
too many programs on NASA’s plate and not enough money for all.

CONCLUSION

How did NASA evolve an environmental mission? The answer is that it did so
gradually and somewhat tortuously, with ups and downs along the way. What did
it do with that mission? It did a great deal that was positive in a host of ways, but
with special significance in regard to ozone depletion and the Montreal Protocol.
‘What has this meant for society? It has meant benefits in knowledge with spillover
into policy. What has the environmental mission meant for NASA? It has meant
enmeshment in a political context that has helped it survive and grow at some
points in history and made it extremely controversial at other times.

Taking the long view of history, NASA has had an enormous impact on
environmental policy since its founding in 1958. The weather satellite and its
successors, developed by NASA and transferred to operational use, have saved lives
and money through early warnings of hurricanes and improved weather forecasting.
The first pictures of Earth from the Apollo program crystallized the vulnerability
and beauty of Earth and were used by environmentalists to mobilize support for
the first Earth Day in 1970. As the environmental movement gathered momentum,
NASA in the 1970s aligned itself with the new imperative and extended its weather
satellite effort to land- and sea-oriented images. This activity took place as NASA’s
planetary program stimulated a comparative planetology consciousness in which
Earth seemed increasingly unique as a home to life. The Gaia Hypothesis, which
emerged from comparative planetology, stressed thinking about Earth as a living
system of interacting and interdependent parts.

In 1972, with Landsat, NASA initiated a long series of Earth monitoring
satellites. In doing so, it became more and more, as NASA administrator Fletcher
said, “an environmental agency.”” Becoming “an environmental agency,” through the
science it provided, immersed NASA in the controversies and political emotions
surrounding the environmental question. Sometimes the political winds were
favorable to NASA; at other times they were not so. In the 1980s NASA, armed with

36. Andrew Revkin, “NASA’ Goals Delete Mention of Home Planet,” The New York Times, 22 July 2006.
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legislative authority gained in the 1970s, played a lead role within the government
in responding to the ozone depletion threat. It was the ozone crisis that provided a
proactive model for NASA as an environmental agency, one that could conduct and
transfer policy-relevant science. Advocates of a larger global environmental mission
sought to build on the ozone success to position NASA for an expanded role.
After Challenger, in 1987 Sally Ride listed Mission To Planet Earth as first among
new initiatives that could galvanize a shaken agency and make it more relevant to
American society and the world’s needs.

Such a mission seemed ripe indeed in the wake of the Montreal Protocol
as the new concern about climate change rose on the nation’s agenda, propelled
in part as NASA’s James Hansen. President George H. W. Bush and Congress in
1990 provided authority and initial funding for MTPE and its centerpiece, EOS.
However, in the 1990s, MTPE ran into a budgetary crunch and competition with
other NASA programs—human spaceflicht and space science—and was never
funded as its founders expected. EOS was downsized and split up, subject not
only to budget constraints but also pressures to conform to Goldin’s faster, better,
cheaper doctrine. What finally was launched as EOS in 1999, 2002, and 2004 was
a much circumscribed version of what its architects had planned in the late 1980s.
The system could not realize the promise of a 15-year comprehensive data set
from the simultaneous monitoring of land, sea, and atmosphere interaction. A new
Earth System Science got started but did not get as far as expected. The “predictive
capability” remained to be developed for global change.

With ozone depletion, NASA had legitimacy to lead and a crisis context in
which there was science push and policy pull. With climate change, however, NASA
had no special mandate to lead and the science push has come gradually in a societal
context where the perception of crisis is lacking. Rather than policy pull, there has
been policy discord and even “push back.”

A strategy for the post-EOS era has yet to be fully charted and adopted, much
less implemented. Agreement on next steps has to be forged. It is easy today for
advocates of global environmental satellites to see a glass half empty. However,
a more positive, glass half-full view surely would say that it is remarkable how
much a space agency has done in directing attention to Earth. NASA is the space
research and development arm of the federal government when it comes to global
environment. In addition to EOS, there have been numerous specialized satellites
that have monitored ice melting, El Nino, storms, and others ills. Ozone provides
a genuine success story in science and public policy. There was science-push and
policy-pull. Climate change is not a success story yet. If one were giving grades,
NASA would get an “A” for ozone depletion and “Incomplete” for global climate
change. Having said that, the problem of climate change is more complex than
ozone for many reasons, and there has been consensus-building progress, at least on
the science side. There is a limit to what NASA (and science generally) can do in
eliciting policy response, however.
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The dilemma NASA now faces in designing a post-EOS future 1s shared with
other agencies associated with the global change initiative of the early 1990s. This
interagency initiative never was fully implemented, coordinated, or led. There is a
need to re-energize the vision many of the early advocates of EOS and USGCRP
had—a strong Earth system science and a capacity to predict global change (especially
climate change)—that can be put to policy use. Achieving such a vision requires a
planetary perspective and that is NASA’s distinctive environmental competence. It is
based on NASA’s mission to the home planet and the comparative approach derived
from its work beyond Earth. That perspective needs renewal and advocacy for a
twenty-first century setting. That setting almost surely will be influenced, perhaps
dramatically, by events involving climate change. R emaking NASA’s environmental
mission, with resources to match, and connecting that role to other agencies and
nations is a challenge. It 1s less a problem in science and technology, however, and
much more a challenge of political will.



CHAPTER 17

NAVSTAR, THE GLOBAL POSITIONING SYSTEM:
A SAMPLING OF ITS MILITARY, CIVIL, AND
COMMERCIAL IMPACT

Rick W. Sturdevant

HistoricaAL BACKGROUND

FT the NAVSTAR' Global Positioning System (GPS), the first satellite navigation
A system that enabled users to determine precisely their location in three

dimensions and time within billionths of a second, grew from a concept into a fully
operational system in slightly more than two decades. This is not to suggest, however,
that selling the idea was easy.As early as 1969-1970,Aerospace Corporation president
and GPS pioneer Ivan Getting had suggested to Lee DuBridge, President Richard
Nixon’s science advisor, that a presidential commission be created to review how
satellite navigation ought to proceed, because there were so many potential users.
After thinking about it for several weeks, DuBridge concluded that execution of
Getting’s proposal would be too difficult. He told Getting, “There are too many
people, too many bureaucracies, too much politics, and too many agencies involved.
Why don’t you just have the Air Force develop it the way we always did?”?

By 1972, both the U.S. Air Force (USAF) and the U.S. Navy had been studying
for several years the possibility of improved satellite-based radio navigation. Three
earlier space-based navigation systems or programs contributed to GPS: The Johns
Hopkins University Applied Physics Laboratory (APL) Transit, otherwise known as
the Naval Navigation Satellite System; the Naval Research Laboratory’s Timation
satellite program, led by Roger Easton; and USAF Project 621B. Colonel Bradford

1. Over time, some people identified “NAVSTAR” as an acronym derived from either “Navigation
Signal Timing and Ranging” or “Navigation Satellite Timing and Ranging.” Apparently, TRW had
once advocated a navigational system for which NAVSTAR was an acronym (NAVigation System
Timing And Ranging). Bradford W. Parkinson, “GPS Eyewitness: The Early Years,” GPS World 5 (9
September 1994): pp. 32—45, explained that his team at the Joint Program Office never considered
“NAVSTAR” an acronym but “simply a nice-sounding name.”

2. Jacob Neufeld, ed., Research and Development in the United States Air Force (Washington, DC: Center
for Air Force History, 1993), pp. 91-92.
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Parkinson, USAF director of the newly formed multi-service Joint Program Office
(JPO) for GPS,assembled about a dozen members of the JPO over Labor Day weekend
in 1973 and directed them to synthesize the design for a new satellite navigation
system by drawing the best ideas and technology from everything then available.?

From that point, GPS developed at a reasonably steady pace. By June 1974,
the JPO had selected Rockwell International as the satellite contractor. The JPO
oversaw deployment of the initial control segment at the Army’s Yuma Proving
Ground in Arizona, followed by the launch of the first operational prototype in
February 1978. Eleven years later, in February 1989, the USAF launched the first
fully operational Block 2 version. Although a complete constellation of 24 Block 2
satellites existed in December 1993, GPS did not officially achieve full operational
status until April 1995. It had cost $10-$12 billion to field the system, and the USAF
estimated the cost annually of sustaining minimal GPS services at $400 million.*

The main reasons for GPS development were the need to deliver weapons
precisely on target and to reverse the proliferation of navigation systems in the U.S.
military. From the beginning, however, the Department of Defense (DOD) recognized
the usefulness of GPS to the worldwide civilian community. To withhold full accuracy
from enemies but provide GPS service to civilian users, the USAF designed the system
with a protective feature called “selective availability” (SA) that, when used, gave the
U.S. military and its allies significantly more precise satellite signals than what other
users received. After Korean Airline Flight 007 went astray in September 1983 and
Soviet fighters shot it down, President Ronald Reagan reassured the world that the
coarser signal would remain continually and universally available at no cost once
GPS became fully operational. As GPS approached that status in the early 1990s,
civilian and commercial users, who already had 10 times as many GPS receivers as the
military, mounted an increasingly vocal campaign for unrestricted access to the more
precise satellite signals. Many GPS equipment manufacturers, anticipating a multitude
of applications, had begun forming strategic alliances with outside companies in such
fields as communications, Geographic Information Systems (GIS), computing, and
transportation. Finally, in May 2000, President William Clinton acknowledged the
global utility of GPS and directed immediate discontinuation of SA, thereby giving
millions of nonmilitary users access to the more precise GPS signals.

3. Bradford W. Parkinson, “Introduction and Heritage of NAVSTAR, the Global Positioning System” in
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thespacereview.com /article/ 626/1 (accessed 12 September 2006).
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With increasing demand for accuracy beyond what GPS alone yielded, users
found ways to augment it. For small areas, those included pseudolites (ground-based
transmitters that could be configured to emit GPS-like signals) and difterential GPS
(DGPS), which required a high-quality GPS “reference receiver” at a known, surveyed
location. Wide Area DGPS (WADGPS), involving reference receivers at multiple
monitor stations and a master-control hub, would achieve similar results over a broader
region. An example of WADGPS was the Wide Area Augmentation System (WAAS),
which the Federal Aviation Administration (FAA) believed would eventually provide
the integrity, reliability, time availability, and accuracy to permit pilots and air traffic
controllers to rely confidently and safely on GPS as their primary navigation system.® By
2006, continuously operating reference stations (CORS), coordinated across the United
States by the National Geodetic Survey, enhanced GPS services to millions of users.”

Meanwhile, other countries and geographic regions had begun developing their
own GPS augmentation systems: the European Geostationary Navigation Overlay
System (EGNOS); India’s GPS and Geostationary Augmentation Network (GAGAN);
Australia’s Ground-based Regional Augmentation System (GRAS);and Japan’s Multi-
transport Satellite Augmentation System (MSAS). In addition, Russia operated its
own Global Navigation Satellite System (GLONASS); China experimented with its
Beidou navigation satellites; and Europe pressed hard toward launching the Galileo
satellite navigation system. Whether all those capabilities could be melded into a fully
integrated Global Navigation Satellite System (GINSS) remained a question without
an immediate answer, but the military, civil, and commercial utility of GPS was
unquestionable. Since a full accounting of the GPS’ societal impact would require
hundreds of pages, what follows is merely suggestive. ®
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Operating Reference Stations,” National Geodetic Survey—CORS, http://www.ngs.noaa.gov/
CORS/ (accessed 12 September 2006).

. Rosalind Lewis et al., Building a Multinational Global Navigation Satellite System: An Initial Look (Santa
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Sfile=beyondgps.htm (accessed 12 September 20006).
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MILITARY APPLICATIONS

The first weapon in the U.S. arsenal to become operational using GPS
navigation was the Conventional Air-Launched Cruise Missile (CALCM) or
AGM-86C. Its development began in June 1986 when Boeing Company received
a 12-month contract for rapid conversion of existing ALCMs, the inaccuracy of
which had resulted in accidentally bombing the French Embassy during Operation
Eldorado Canyon, a night attack against Libya two months earlier. A loosely coupled
integration of GPS capabilities with the missile’s existing inertial navigation system
(INS) permitted Boeing to deliver the first CALCMs to the U.S. Air Force in June
1987. During the initial hours of the air campaign for Operation Desert Storm
in January 1991, seven B-52G bombers flying from Barksdale Air Force Base,
Louisiana, delivered a total of 35 CALCMs against eight high-value targets in Iraq
and achieved 85 percent to 91 percent success, including several exact hits.”

In the 1990s, the U.S. military fielded a host of air-dropped munitions that used
GPS to one degree or another. Foremost among them, the Joint Direct Attack Munition
(JDAM) turned fundamentally “dumb” bombs into high-precision ordnance capable of
destroying multiple targets in a single sortie any time of day or night,in any kind of weather,
no matter how adverse. During Operation Allied Force, the NATO air campaign against
Serbia in 1999, U.S. B-2 Spirit bombers dropped more than 500 relatively inexpensive
JDAMs with such great success that U.S. military strategists foresaw the possibility of
unguided bombs completely disappearing from the arsenal. Other GPS-aided U.S. aerial
weapons that debuted in the 1990s included the AGM-154 Joint Stand-Off Weapon
(JSOW), the AGM-130 air-to-surface missile, the BGM-109 Tomahawk cruise missile,
and the SLAM-ER (Stand-off Land Attack Missile—Enhanced Response)."

A suite of technologies known as Advanced Spinning-Vehicle Navigation
(ASVN) permitted GPS/INS guidance in smaller and smaller munitions. By 2001,
the U.S. Army planned to use it in artillery shells; the U.S. Navy had similar plans
for rocket-assisted projectiles fired from its deck guns. The Army’s howitzer-fired,
155-mm XM982 Excalibur round underwent a demonstration at Yuma Proving
Ground, Arizona, on 15 September 2005 in which its accuracy was better than 33
ft (10 m) at a distance of 9 mi (15 km). Excalibur tests continued into February
2007, with operational fielding scheduled for later that year. A Navy contract with
Raytheon Missile Systems, primary designer of the Army’s Excalibur, called for
development of the 5-in (13-cm) MK-171 Extended-Range Guided Munition
(ERGM). Although achieving satisfactory ER GM performance proved harder than

9. John Tirpak, “The Secret Squirrels,” Air Force Magazine 77, no. 4 (April 1994), http://www.afa.org/
magazine/perspectives /desert_storm/0494squirrels.asp (accessed 5 September 2006); John T. Nielson,
“The Untold Story of the CALCM:The Secret GPS Weapon Used in the Gulf War,” GPS World 6,
no. 1 (January 1995): pp. 26-32.

10. Rip and Hasik, The Precision Revolution, pp. 233-264.
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for Excalibur and delayed its operational deployment, flight demonstrations at White
Sands Missile Range, New Mexico, on 16 February 2005 proved the ERGM could
achieve great accuracy at a distance of more than 40 nautical miles. In both cases,
these new projectiles offered greater lethality and lower collateral damage, with
increased range and a considerably reduced logistical burden for deployed forces."
In early 2003, the public became aware of GPS guidance for precision airdrops.
The U.S. Army Operational Test Command employed GPS in two different
instrument packages—one to verify the optimal parachute rigging for heavy cargo
pallets, and the other to evaluate new troop-parachute designs. Within months, the
U.S. military operationally tested Onyx, an autonomously guided parachute system
developed by Atair Aerospace, for delivering payloads ranging from 75 to 2,200 lbs
(34 to 998 kg) within 246 ft (75 m) circular error probable from altitudes up the
35,000 ft (10,668 m) in darkness and other extreme conditions. On 9 August 2004,
U.S. Marines near Camp Korean Village, Iraq, witnessed the first operational use of
a GPS-assisted Sherpa parafoil cargo delivery system, a key component of the Joint
Precision Airdrop System (JPADS) technology demonstration program, in a combat
zone. Two years later, the first joint Air Force-Army operational drop using JPADS in
Southwest Asia supplied ammunition and water to troops in Afghanistan. Meanwhile,
design and testing of GPS-equipped navigation units for paratroopers proceeded. In
2005, the French Military Agency (DGA) and Army Special Forces in Singapore were using
more than 200 GPS-assisted Operational Paratroopers Navigation System (OPANAS)

11. James H. Doty, “Revolution in GPS: Advanced Spinning-Vehicle Navigation,” GPS World (September
2004), http://www.gpsworld.com /gpsworld/article /articleDetail jsp?id=120802 (accessed 14 August
2006); Lawrence L. Wells, “GPS Guidance for Projectiles,” GPS World (October 2001), http:/ /wwnw.
gpsworld.com/gpsworld /article/articleDetail jsp?id=1806 (accessed 14 August 2006); Raymond Sicignano,
“Picatinny Support the Warfighter: New Picatinny-Developed Smart Artillery Munition Could
Reach Troops by March,” The Voice 18, no. 18 (7 October 2005), http:/ /w4.pica.army.mil/ Voice2005/
051007/051007%20Smart%20artillery.htm (accessed 14 August 2006); Raytheon News Release,
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to Fielding,” 26 September 2005, http:/ /www.prnewswire.com/cgi-bin/micro_stories.pl? ACCT=6839
34&TICK=RTN7&STORY=/www/story/09-26-2005/0004131807EEDATE=Sep+26,+2005
(accessed 14 August 20006); Staft Writers, “Testing Of GPS-Guided Projectile Puts Raytheon-BAE
Excalibur Closer To Fielding,” GPS Daily (21 August 2006), http:/ /www.gpsdaily.com /reports/ Testing
Of_GPS_Guided_Projectile_Puts_Raytheon_BAE_Excalibur_Closer_To_Fielding_999.html  (accessed
21 August 2006); Raytheon News Release, “Raytheon’s Excalibur Successfully Completes Final
Testing, Clearing the Path for Early Fielding,” http:/ /www.prnewswire.com/cgi-bin/micro_stories.pl?A
CCT=910473&TICK=RTNB12&STORY=/www/story/03-08-2007/0004542432&EEDATE=M
ar+8,+200 (accessed 31 July 2007); Raytheon News Release, “Raytheon’s ERGM Guides into
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CK=RTN7&STORY=/www/story/02-17-2005/0003027460&EDATE=Feb+17,+2005 (accessed
14 August 2006); Dan Coskren, Tim Easterly, and Robert Polutchko, “More Bang, Less Buck:
Low-Cost GPS/INS Guidance for Navy Munitions Launches,” GPS World (September 2005),
http:/ /www.gpsworld.com /gpsworld /article /articleDetail jsp?id=180139 (accessed 14 August 2006);
John Pike, “EX-171 ERGM Extended-Range Guided Munition,” http://www.globalsecurity.org/
military /systems /munitions /ergm.htm (accessed 14 August 2006); Rupert Pengelley, “Guided Artillery
Projectiles Turn the Corner,” Jane’s International Defence Review 39 (February 2006): pp. 57-61.
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Onyx autonomously guided parachute system
using GPS navigation.

units produced by SSK Industries,
and North Atlantic  Treaty
Organization (NATO) countries
were testing OPANAS for high-
altitude, high-opening (HAHO)
jumps. These new capabilities
ensured more accurate landings for
both cargo and troops in all kinds
of conditions and, by permitting
releases from altitudes above
25,000 ft (7,620 m), protected
aircraft and personnel from hostile
forces armed with inexpensive
surface-to-air missiles."?

After 2000, a rapidly
expanding family of autonomous or remotely controlled robotic military

systems relied on GPS navigation to perform a wide variety of tasks on land, at
sea, underwater, and in the air or outer space. Unpiloted aerial vehicles (UAVs)
equipped with GPS, which had been under development since the 1980s, flew
reconnaissance and surveillance missions over Bosnia and Kosovo during the
late 1990s and, thereafter, proliferated among military organizations worldwide.
In 2001-2002, Predator drones carrying AGM-114 Hellfire missiles attacked
Taliban and Al Qaeda forces in Afghanistan.’”” On 25 January 2002, a GPS-Aided
Inertial Navigation System (GAINS) on the third stage of an SM-3 interceptor
launched from a U.S. Navy Aegis cruiser helped successfully demonstrate the exo-

12. Joseph Strus et al., “15 Tons. 1500 Feet. 4 Gs.—Airdrop Behavior of Parachuted Cargo Pallets,” GPS
World  (April 2003), hitp:/ /www.gpsworld.com /gpsworld /article/articleDetail jsp?id=53305  (accessed 17
August 2006); Nanker Phelge, “Take the Plunge—Navigating from 35,000 Feet,” GPS World (August
2003), http:/ /wuww.gpsworld.com /gpsworld /article /articleDetail jsp?id=65593 (accessed 17 August 2006); Bill
Lisbon, “GPS-Guided Paradrop,” Special Operations Technology 2, no. 6 (2004): pp. 29-31; Tom Vanden
Brook, “‘Smart’ Airdrops May Save Lives of U.S. Troops,” USA Today, 8 January 2007; Joseph Strus et al.,
“Stand Up. Hook Up. GO!—Instrumenting Paratroopers,” GPS World (April 2003), http: / /uwnw.gpsworld.
com/gpsworld /article/articleDetail jsp?id=53449 (accessed 17 August 2006); Jason 1. Thompson, “A Three
Dimensional Helmet Mounted Primary Flight Reference for Paratroopers,” Master’s thesis, Air Force
Institute of Technology, March 2005), pp. 1-8.

13. Defense Airborne R econnaissance Office, “UAV Annual Report FY 1997, (6 November 1997), http:/ /unin:
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atmospheric interception of an incoming target missile."* During Operation Iraqi
Freedom in 2003, the U.S. Navy ordered the first wartime deployment of the
GPS-equipped, Remote Environmental Monitoring Units (REMUS) autonomous
underwater vehicle (AUV) to locate suspected mines in the port of Umm Quasr."
By November 2004, the DOD had contracted with Applied Perception, Inc. (APT)
to build two interrelated, GPS-enabled robotic prototypes—a 3,500-Ib (1,588-kg)
Robotic Evacuation Vehicle (REV) and a 600-1b (272-kg) Robotic Extraction
Vehicle (REX)—for the safe recovery and transport of wounded soldiers from the
battlefield to a nearby field hospital. Clearly, such vehicles could have numerous
other military and nonmilitary applications ranging from logistical supply, ordnance
disposal, surveillance, and assault to fire fighting, crowd control, soil sampling, pest
abatement, and exploration of hazardous environments.'®

Perhaps the most pervasive U.S. military application of GPS by 2006 involved
the tracking and coordination of various battle elements in real time using the
GPS-enabled Force XXI Battle Command, Brigade-and-Below (FBCB2) satellite-
based tracking system and its Blue Force Tracking (BFT) variant. American soldiers
had suffered roughly a quarter-million casualties in the twentieth century due to
so-called friendly fire, primarily because of the difficulty during intense conflict
of discriminating quickly between friend and foe. As early as springtime of 1987,
engineers and scouts from the U.S. Army’s 4th Infantry Division used two 17.5-
Ib (8-kg) GPS manpacks during exercises in the Pindn Canyon training area of
southern Colorado to maneuver through “enemy” lines in snow, rain, fog, and
darkness to accomplish their objective. Four years later in Operation Desert Storm,
with only 16 satellites in the constellation, GPS aided positioning and maneuvering
of large troop formations, plus precision bombing, artillery fire support, and special
operations in relatively featureless desert terrain. Coalition forces relying primarily
on more than 12,000 personal receivers, each costing about $3,500, prevented
countless casualties by reducing the so-called fog of battle.”
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2003), http:/ /www.hydroidinc.com/pdfs/Hydroid_REMUS.pdf (accessed 17 August 2006); Marty Whitford,
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ww.gpsworld.com /gpsworld /article /articleDetail.jsp?id=154866 (accessed 17 August 2006).
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wuw.gpsworld.com /gpsworld /article /articleDetail jsp?id=131750 (accessed 17 August 2006); Paul J. Lewis et
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A decade after Desert Storm, U.S. forces conducting war games in California
and Florida located and tracked troops, aircraft, and assorted equipment in
real time using an Inexpensive Range Instrumentation System (IRIS). That
experimentation demonstrated that low-cost, commercial oft-the-shelf hardware
could be used to coordinate ground and air activities, thereby enhancing the
safety of friendly forces. By 2005, U.S. and allied forces in Kosovo, Afghanistan,
and Iraq relied on more than 8,000 GPS-enabled FBCB2 units and another
2,000 FBCB2-BFT units to track their own positions, neighboring friendly
forces, and spotted enemy forces along with the location of bridges, mine fields,
and other potentially dangerous geo-points. In 2006, Globecomm Systems won
a $7.8 million contract to provide NATO forces with a similar BFT capability.
The enhanced situational awareness provided by FBCB2 and its BFT variant also
allowed battlefield commanders to plan and coordinate maneuvers—oftensive
and defensive—with unprecedented precision. '

NAVIGATION

The most rapidly expanding area of GPS use for civil, commercial, and
personal purposes was probably location-based services (LBS)—positioning and
navigation. Land-based users include automobile drivers, railroads, fleet managers of
trucks, delivery vehicles, and public transportation; emergency responders such as
fire, ambulance, and police; and recreational activities such as hiking, hunting, skiing,
biking, and golfing. According to Alan A.Varghese from ABI Research in Oyster
Bay, New York, shipments of recreational GPS devices alone rose from 3.2 million
in 2002 to 5 million in 2003, with a predicted annual growth of 31 percent until
2009. Sea-based applications ranged from recreational sailing, fishing, and managing
shipping fleets, to assisted steering, risk assessment, and hazard warning. Pilots of
all varieties—airplane, helicopter, hot-air balloon—relied increasingly on GPS for
monitoring their flight path, for collision avoidance, and for landing. Search-and-
rescue personnel on land, at sea, and in the air all came to view GPS as indispensable.
Ultimately, scientists and engineers experimented with using GPS for launch and
on-orbit operation of spacecraft."
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http:/ /www.af.mil /news/Oct2001/n20011025 1525.shtml (accessed 26 October 2001); Marty Whitford,
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When GPS receiver technology and cellular phones started to become more
affordable during the mid-1990s, industry analysts and entrepreneurs perceived LBS
as an emerging multibillion-dollar market. By 2002, however, only two automotive
companies—General Motors (OnStar) and Mercedes (TeleAid)—offered consumers
telematic LBS; such factors as cost, technological drawbacks of early-generation
systems, and privacy concerns had led to slower than expected market growth.
Nonetheless, an April 2002 nationwide survey of 20,000 U.S. households revealed
strong consumer interest in using GPS for security-related purposes, especially for
stolen vehicle tracking, with more moderate interest in services such as real-time
trattic alerts, navigation assistance, and monitoring family vehicles. By 2006, North
American sales of GPS-equipped navigation systems built into many different makes
of automobiles, in portable devices, and in cell phones totaled 4.5 million units,
with an increase of nearly 50 percent anticipated for 2007. Demand for up-to-date
digital maps, derived in large part using GPS, of 7.3 million miles of North American
highways caused the revenues of Tele Atlas and Navteq Corporation, the two principal
competitors, to grow by 57 percent and 26 percent, respectively, in 2005. Meanwhile,
after a decade of work, developers were ready to begin marketing in the United States
and Canada an in-vehicle navigation system (IVNS) that promised to save private
motorists billions (in terms of gallons, hours, and dollars) by integrating real-time data
on traffic incidents, construction, and traffic flow to suggest alternate routes.*

Use of GPS-aided technology for management of vehicle fleets has saved
governments and businesses hundreds of millions of dollars by enabling more efticient
planning of routes, monitoring misuse by employees, or locating stolen vehicles. > The
proliferation of organizations and conferences promoting development of automatic
vehicle location (AVL) systems and intelligent vehicle/highway systems (IVHS) began
in the late 1980s and fostered a veritable parade of specific projects in the early
1990s. By 1993, cities including Denver, Colorado, and Dallas, Texas, had begun
installing GPS-based AVL systems in their buses and other city vehicles to keep
riders informed of projected arrival times, to assist mobility-impaired riders, and to
expedite response time in emergency situations.”> Meanwhile, Netherlands-based

20. Clement Driscoll, “What Do Consumers Really Think?” GPS World (1 July 2002), hitp://uwuww.
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Biichner Transport, which owned 50 trucks and specialized in delivery of house
plants, fruits, and vegetables under controlled temperatures throughout Europe, had
experimented with a GPS-assisted AVL system in two of its trucks from December
1991 to June 1992 and decided, despite the high price of the hardware, to begin
equipping its entire fleet over the next five years.” During 1988—2004, San Diego-
based Qualcomm, the largest AVL supplier worldwide, installed its position-
reporting system on more than 500,000 commercial vehicles belonging to more
than 1,500 trucking firms. By autumn of 2004, the Defense Transportation Tracking
System used GPS-derived location reports to monitor annually more than 47,000
arms, ammunition, and explosives shipments by commercial motor carriers in the
continental United States.?*

Emergency responders found GPS capabilities invaluable. In January—May
1992, Amoco tested a GPS-aided response system in its large Crossfield natural
gas field north of Calgary, Alberta, and concluded that it offered noteworthy cost
and safety improvements over earlier systems by “providing nearly immediate
identification of an alarm site and the nearest field personnel, as well as detailed
maps that show the best route to the scene of an alarm.”® The San Francisco Bay
Area’s Freeway Service Patrol (FSP), a special team of approximately 40 tow-
truck drivers who patrolled the most congested freeways during peak commute
hours, began using a GPS-supported AVL system in August 1993 to assist stranded
motorists. On average, FSP trucks arrived at the scene of a breakdown within
seven minutes, almost six times faster than regular tow services.?® Also, in 1993,
Doug Baker, founder and president of LaSalle Ambulance Service of Buftalo,
New York, adopted a GPS-equipped tracking and dispatch system for his fleet of
42 vehicles, two aero-medical helicopters, and one fixed-wing aircraft to ensure
speedier response times and, consequently, save more lives.?’

Recovery of stolen vehicles became much more likely with GPS. Founded in
1998 by Pakistani crime fighter and businessman Jameel Yusuf, Trakker Pvt. Limited
used GPS technology to track and recover more than 1,000 stolen rental cars and
private vehicles in Karachi by October 2003. By then, the Trakker system had been
installed in 12,000 Pakistani vehicles and attracted roughly 500 new customers
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per month, each paying up to $750 for installation and $17 monthly for service.?
Meanwhile, in January 2002 a thief stole a taxicab in Colorado Springs, Colorado,
when the driver left the engine running while he went inside a 7-Eleven. In the
first incident of its kind locally, a Yellow Cab dispatcher used the vehicle’s on-board
tracking system to update police on the car’s location, and they arrested the culprit
a short while later.”” During less than a year with integrated GPS/cellular tracking
systems, Lieutenant Tim Stewart of the North Texas Auto Theft Task Force reported
in 2004 that his agency had recovered more than $6 million worth of property,
including more than 50 truck tractors and 75 trailers—many filled with stolen
equipment or merchandise.*

Among the recreational uses for GPS, golfing became prominent. In 1997,
Darryl Sharp’s Geodetic Services, Inc., began using GPS technology for three-
dimensional mapping of premier golf courses in the United States and, by May
2002, had mapped 55 U.S. courses. Sharp estimated he would have lost $5,000—
$6,000 per job without GPS but, with advances in GPS equipment, he had tripled
his production. Under a five-year contract, videogame manufacturer EA SPORTS
used Sharp’s data to make playing simulated golf on some of the country’s top-
ranked courses stimulating and amazingly realistic for anyone with a personal
computer or PlayStation. PGA TOUR later contracted with Geodetic Services
to map courses for its new ShotLink scoring and statistics system that brought
television or cyberspace fans closer to the game by reporting real-time information
on every shot by every player in every tournament.”'

Professional, amateur, and casual golfers all latched onto GPS-aided technology
to improve their performance, and course managers enthusiastically supported
the demand by purchasing GPS-equipped golf carts. In addition to recording exact
yardage with each stroke and displaying actual yardage to the green, which aided
club selection, personal GPS systems helped golfers maintain the pace of play. After
courting by the electronics industry and a couple of years testing equipment such
as the handheld SkyCaddie, the United States Golf Association finally permitted
“distance-measuring devices, including GPS-based systems and laser range finders”
by local rule starting in 2006. As demand for GPS-equipped golf carts surged in
early 2006, UpLink Corporation, one of the three largest suppliers of golf-related
GPS equipment, signed up 26 new courses with its system after a single trade show,
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thereby generating $7.4 million in sales. UpLink technology allowed course managers
to track every golf cart in their fleet, a financially important capability considering
that golf-cart rentals yielded the largest source of revenue outside green fees at most
courses. For example, a 2005 progress report from the mayor of South Bend, Indiana,
mentioned that golf-cart revenue from GPS was more than $70,000.%

AGRICULTURE

Use of GPS for precision farming (i.e., site-specific management) commenced
in the early 1990s and rapidly took a variety of forms. These included planting or
cultivating crops at night; locating weed, insect, and disease infestations; applying
fertilizer or pesticides at a variable rate; preventing skips or overlaps when fertilizing;
monitoring and mapping crop yield; and pinpointing crop damage due to hail or
drought. John Ruth, chief executive officer of Amana Farms in lowa, explained in a
1992 interview, “With GPS, we’ll be able to determine crop yield by the square foot
and not by the traditional bushels per acre ....This will dramatically change the way
farmers plant, fertilize, apply weed killers and harvest crops.”’* To further improve
efficiency and increase the profitability of their operations, farmers also used GPS
for detailed base-mapping of physical features such as borders, fence lines, wells,
buildings, landscape features, irrigation canals or pipelines, and wetlands.**

Montana State University (MSU) began research and planning in 1986 for a
GPS-assisted navigation system that would enable agricultural producers to apply
variable amounts of seed and fertilizer exactly where needed to maximize crop yield in
the most cost-effective manner. In August 1990 MSU researchers used the first GPS-
guided agricultural fertilizer application system in a field trial near Power, Montana.*
Two years later, agronomist Mitch Schefcik and electrical engineer William Bauer

32. Doug Pike, “High Tech Takes a Big Step Forward,” Houston Chronicle, 18 October 2005, http://uwww.
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http:/ /www.pgamagazine.com/article.aspx $id=2750 (accessed 30 August 2006); Tim Schooley, “Tracking a
New Market—Global Positioning Systems Find Their Way into Golf Carts, Providing Much More than
Distance Readings,” Pittsburgh Business Times (12 June 2006), http://pittsburgh.bizjournals.com /pittsburgh/
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combined their expertise to devise a DGPS/Geographic Information System (GIS)
system to vary the herbicide application rate on sugar-beet fields in western Nebraska,
thereby increasing crop yield while satisfying government chemical application
regulations. Experimentation by the Agricultural Research Service of the U.S.
Department of Agriculture (USDA) found DGPS extremely useful for mapping initial,
variable applications of nitrogen fertilizer and evaluating the effect on crop yields in
irrigated central Nebraska cornfields during 1995. Improvement in nitrogen fertilizer
management also offered the prospect of improved groundwater (i.e., drinking water)
quality, something much desired by the U.S. Environmental Protection Agency.*®

One expert estimated in 1994 that only 5 percent of U.S. farms, mostly in the
corn-producing states of the Midwest, used GPS-derived reference points for soil-
specific management, but the technology was “booming.” A study of soil-specific
management in Stoddard County, Missouri, during that period showed reductions
in fertilizer costs of $18.70 per acre with no loss of crop yields.>” By 2003 University
of Florida researchers touted GPS/GIS technology’s great value for locating and
managing site-specific crop losses (more than $77 billion worldwide in 1987)
due to plant-parasitic nematodes.”® According to an Associated Press story in late
November 2004, up to 15 percent of U.S. farmers had GPS-controlled tractors or
combines and were saving as much as 5 percent in fertilizers and pesticides by using
precision guidance systems. Farmers in Kentucky, where rolling terrain led to both
high and low production in the same field, realized a cost saving of $30/acre by
using GPS-enabled yield monitors. Meanwhile, under a NASA grant, researchers at
Ohio State University worked to perfect a GPS-enabled tomato-picking robot that
could significantly reduce labor costs on large corporate farms.*

To meet demand for greater accuracy, lower labor costs, and documentation of
spraying, the USDA began in the early 1990s to explore GPS-aided navigation for
precision aerial applications to control insects on cropland or rangeland. During the
autumn of 1992, the Plains Cotton Growers Diapause Program in Texas had used a
GPS flight guidance system from Satloc, Inc., to spray more than 450,000 acres of
cotton for boll weevils. That application oftered savings by eliminating the need for
approximately 170 ground flaggers. Based on that program’s success, the USDA’s
Grasshopper Integrated Pest Management (GHIPM) Project near Watford City in
northwestern North Dakota tested a DGPS system in 1993 on a 6,400-acre (2,590~
hectare) section of rangeland. Chief pilot Tim Roland for the USDA’s Animal and
Plant Health Inspection Service, Plant Protection and Quarantine (APHIS/PPQ)
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division subsequently remarked, “We're just getting our foot in the door with GPS,
but 'm so confident [about the] equipment that I'd recommend it to support any
of our programs.”*” When the accuracy of Loran-C navigation proved inadequate to
meet the parallel-swathing requirements of California’s Cooperative Medfly Project
during 1993, Roland recommended DGPS guidance. In California’s war against the
Mediterranean fruit fly, which could cause more than $1 billion in damage annually
to fruit, nut, and vegetable crops, not to mention the loss of thousands of jobs,
DGPS brought significant savings and provided a previously unavailable element of
quality control to aerial treatments.*'

Di1sASTER RELIEF AND R ECOVERY

Use of GPS in conjunction with GIS, cartographic mapping, and other
technologies proved beneficial in disaster relief and recovery efforts. After Hurricane
Andrew devastated Florida in 1992, the Federal Emergency Management Agency
(FEMA) contracted with survey crews to experimentally inventory the damage using
GPS/GIS technology instead of the traditional, manual assessment that involved
house-by-house interviews. Based on encouraging results from that experiment,
FEMA, the U.S. Army Corps of Engineers, and a private contractor with GPS/
GIS expertise formed a team in July 1993 to produce maps for disaster response,
recovery efforts, and risk mitigation in the wake of severe Mississippi River floods
that inundated more than 13 million acres, destroyed billions of dollars in crops, and
left hundreds of people homeless. Following a GPS-equipped helicopter survey,
a pair of two-person ground observer teams with GPS/GIS handheld receivers
inspected and inventoried structures in approximately 75 communities south of
Quincy, Illinois. More than 1,500 maps/data sheets were produced within a week
of the teams’ initial transfer of data to the Corps of Engineers’ Rock Island, lllinois,
base station. Prior to GPS/GIS, it would have taken a team of 50 people years
to complete the same task. With the maps quickly delivered to FEMA decision
makers, they began meeting with local officials and citizens to discuss assistance and
requirements to rebuild above the 100-year flood elevation.*

When New York City officials faced the daunting cleanup of “Ground Zero”
after the 11 September 2001 terrorist attacks on the World Trade Center, they found
multiple applications for GPS. As Fire Department teams and others began the
monumental task of sifting through the rubble to recover and manually catalog
thousands of pieces of evidence at the crash site, which was also a crime scene,
it became obvious the process was too time-consuming and too error-prone. To
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automate it, the city gave a handheld device equipped with a GPS receiver and
an attached bar-code reader to one person on each of the eight recovery units
working at the 16-acre site at any given time. Searchers put a bar-coded tag on each
significant piece of recovered evidence;scanned the tag to create an electronic record
that included the exact location, date, and time; and selected an item description
from a scroll-down list programmed into the handheld device. At the end of each
shift, searchers placed their handhelds into a cradle to download their information
to a central database, from which the city produced maps that helped investigators
pinpoint where various kinds of vehicles, equipment, and personnel were when the
buildings collapsed. The fire and police departments could analyze that information
to improve their response to future emergencies.*’

A second challenge related to the September 11 disaster involved learning how
various buildings in a 10-square-block area surrounding the World Trade Center
survived, because that knowledge would permit the design and construction of
more damage-resistant structures. The solution lay in modification of a GPS/GIS
software application for a Palm Pilot developed by Georgia Institute of Technology
civil engineering professor David Frost and graduate student Scott Deaton. This
handheld damage assessment technology, which Frost had conceived while surveying
damage from a 1999 earthquake in Izmit, Turkey, allowed researchers to capture
digital images and select an option from a list of damage descriptions, at which time
the information was automatically linked to GPS coordinates. The collected data
could be uploaded periodically to a single, spatial database. In approximately four
days during mid-October 2001, Frost, Deaton, and master’s student Prateek Goel
documented and mapped in nearly real time most of the structures in the study area.
A team using more traditional methods would have taken at least a month just to
enter all the data into a computer for mapping and analysis.**

Yetanother GPS application in disaster recovery efforts at Ground Zero involved
debris removal. Hauling away 1.8 million tons of debris efficiently became a top
priority, because experience suggested this would be the most expensive aspect of the
recovery eftort. New York City’s Department of Design and Construction employed
a team of contractors led by Criticom International Corporation of Minneapolis,
Minnesota, to devise a GPS-based management system for debris removal. The
contract team quickly assembled and installed commercial off-the-shelf components
in 235 trucks and a control center, thereby creating a management system that
integrated GPS-based positioning with communications, camera monitoring, and
Internet data. This first use of GPS-based AVL to manage debris removal in a disaster
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Artistic rendition of GPS Block 3 satellite.

recovery operation contributed
substantially to finishing the
removal project four months
earlier than originally predicted
and at a cost of $750 million,
far less than the $7 billion city
officials initially estimated.*
During and after Hurricane
Katrina in August 2005, experts
found further applications for
GPS. Military pilots flew into the
approaching hurricane to deploy
GPS-enabled dropsondes, first
used in 1996—1997, that helped
scientists predict the strength, speed, and direction of the storm with greater precision
than allowed by previous systems. After Katrina hit the Gulf Coast, the Urban
and Regional Information Systems Association (URISA) GISCorps, a volunteer
organization,went there to support U.S. Coast Guard operations by translating distressed
survivors’ addresses or locations into GPS coordinates, which enabled dispatch of
rescue helicopters. Within two weeks after the storm, major ports in the Gulf region
reopened, due in large measure to Nationwide DGPS (NDGPS) allowing the Coast
Guard to precisely reposition 1,800 buoys and fixed aids to navigation; the Army
Corps of Engineers to survey and dredge 38 critical waterways; and commercial pilots
to navigate even when they could not “read” silt-clouded waterways. The National
Park Service used NDGPS to map areas rendered unsafe by hazardous materials and

to mark safe passageways; the Department of Agriculture used it help locate disposal
sites for animal carcasses and to map areas where blocked drainage demanded future

clearing. Despite problems with keeping the NDGPS signal available in the aftermath

of Hurricane Katrina, it proved crucial to relief and recovery efforts.*
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TIMING

People generally think of GPS as a navigation system and, consequently, do not
fully comprehend its usefulness in the dissemination of precise time, time intervals,
and frequency. Because a GPS receiver location is established through simultaneous
ranging of signals from several GPS satellites, every signal from each satellite
includes time of transmission. Atomic clocks on every satellite ensure that system
time is closely synchronized through cesium and rubidium frequency standards.
By providing timing and frequency accuracies in the range of 100 nanoseconds
and a few picoseconds, respectively, to receivers worldwide 24 hours a day, GPS
quickly became a boon to specialists in a wide variety of fields ranging from science,
satellite tracking, and industrial plant operations to power distribution, television
broadcasting, and banking.*’

The Bonneville Power Administration (BPA), which supplies about half of
all electrical power used in the Pacific Northwest, began gradually integrating
GPS technology into its various operations in 1988. Its ultimate goal was a GPS-
based infrastructure for measuring voltage and current at selected generation
and transmission sites and for time-tagging that information with microsecond
precision to more effectively and efficiently stabilize the electrical grid, thereby
minimizing system disturbances that potentially could cascade into major blackouts.
In 1989, BPA began using GPS in its power-line fault location system and in solving
problems associated with standard time distribution across the grid. Meanwhile, it
started investigating GPS as a source of precise time for its phasor measurement
units (PMUs), which computed the phase angle between points on various circuits
to provide a good representation of the power system’s “health.” During 1991-1992,
BPA tested two GPS-synchronized prototype PMUs on a 260-mile section of a
main transmission link, the resulting data being more accurate and less noisy than
comparable analog information. A new GPS-based Central Time System (CTYS)
with triple redundancy went into the BPA Dittmer Control Center in 1994. By
2005, BPA was touting its Wide Area Control System (WACS), a demonstration
project that BPA engineers predicted could route $7.2 million worth of additional
power—enough for 20,000—60,000 typical homes—from the Pacific Northwest to
California and could prevent a system blackout costing more than $1 billion.*®
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The explosive growth of computer networks from the 1980s onward
made high-quality time synchronization essential for proper functioning and for
rendering failures more manageable. GPS-enabled time synchronization directly
affected network operations in several key areas ranging from file time stamping
and directory services to access security, log file accuracy, and fault diagnosis and
recovery; it also affected applications in numerous areas from transaction processing
and e-mail to software development and legal or regulatory requirements.*’

At the beginning of the twenty-first century, financial institutions relied on
millions of networked computers to execute billions of transactions per second
involving extremely rapid changes in value. On 14 November 2001, for example,
during the closing minutes of trading on the New York Stock Exchange, a single
stock—Intel—averaged six transactions/second and as high as 20/second during
intense trading. With traders frequently calling their brokering institution to dispute
the recorded value of a particular transaction among countless others, computer-
system clock resolution had to be less than the minimum transaction composition
and transmission time—hence, 5- to 20-millisecond resolution. An international
investment banking firm already had begun using a Palisade network time protocol
(NTP) synchronization kit, introduced by Trimble Navigation Ltd. in 1999, to
ensure simultaneous recording of transactions at its London, New York, and Tokyo
offices. By mid-2002, the New York Stock Exchange, the World Bank, and other
major financial institutions used Symmetricomm (formerly TrueTime), Spectracom,
or other corporations’ GPS-based NTP products to synchronize their computer
systems at the required level of accuracy. Experimenters at Ireland’s University of
Galway had installed Trimble’s newer Acutime 2000 GPS synchronization kit to
create what they called a Stratum-1 (defined as micro-second accurate) NTP server
that other European servers and clients used for time synchronization. So important had
GPS become as a time-reference standard for the world’s aggregate financial network
that the Heritage Foundation advised designating it a critical infrastructure. >

As wireless communication networks expanded at the end of the twentieth century,
GPS receivers replaced less reliable timing technologies. So-called smart GPS antennas in
base stations synchronized transmitter sites to precisely the same time, which prevented a
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user from receiving the same cellular telephone, pager, or other wireless signal multiple times.
In August 1996 at the Republican National Convention in San Diego, California, Pacific
Bell Mobile Services (PBMS) implemented a new type of all-digital, wireless telephone
network called personal communications service (PCS), which relied on relatively low-
cost, GPS-based time synchronization. By early 1997, PBMS had begun building on that
success by installing an identical capability in LasVegas, Nevada.>!

Wireless positioning and tracking also benefit immeasurably from the accuracy of
GPS timing. A caller’s handset, for example, can be located by calculating and triangulating
the time differences in arrival of its signal at cell towers whose positions are accurately
known.In 1993, the Federal Communications Commission (FCC) took regulatory interest
in extending enhanced-911 (E911) emergency service, including automatic location of
a caller, to wireless mobile subscribers; in October 1999 Congress passed the Wireless
Communications and Public Safety Act mandating that manufacturers incorporate E911
features in cell phones and, thereafter, the FCC stipulated that 95 percent of all new digital
cell phones must have the automatic location identification (ALI) feature by 1 October
2002.The FCC later extended that deadline three years when wireless carriers appealed
for more implementation time. At the beginning of 2005, Nextel Communications,
Inc., was the only national wireless provider offering GPS services, and nearly all carriers
doubted they could meet the end-of-year deadline for having 95 percent of their
handsets upgraded to GPS-capable models. Although wireless E911 oftered the prospect
of improving the personal safety of millions of people nationwide, indications were
that its availability would be piecemeal for years to come, and some citizens questioned
whether the government, employers, spouses, or parents might misuse the ALI feature
to infringe upon personal privacy and constitutional rights.>?
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SUMMARY

Nothing about GPS could be more obvious than the rapid expansion of
entrepreneurial activity and the veritable explosion of applications from the early
1990s into the first decade of the twenty-first century. One can measure that growth,
at least notionally, in several ways: patent activity, manufacturers, employment,
revenues, and sales. The number of GPS-related patent families (a family being a
collection of related patents and published patent applications) grew internationally
from less than 20 in 1988 to nearly 80 in 1991, with U.S. and Japanese corporations
holding the most.>> Meanwhile, the DOD procured only 7,253 GPS receivers
during 1986—1992 but zoomed to 19,086 receivers in 1993 alone.** Firms that
listed themselves as providing GPS-related goods or services totaled 301 in 1997
compared to 109 in 1992. North American revenues from GPS products in 1999
grew 21.1 percent from 1998, indicating that “an increasing number of end users in
previously untapped markets” had begun accepting the new technology. Revenues
worldwide from GPS user equipment sales totaled $3.39 billion in 1996 and rose
to $6.22 billion in 1999; during the same period, the number of GPS industry
employees worldwide increased from 16,688 to 30,622. With average prices for
GPS products expected to decrease 7.4 percent annually through 2006, according
to strategic research by the consulting firm Frost & Sullivan, the number of products
sold for nontraditional applications in commercial and consumer markets would
steadily increase. Among the five basic GPS market segments—Iland, aviation,
marine, military, and timing—examined by Frost & Sullivan analyst Ron Stearns,
the land-based segment alone accounted for 61.8 percent of total North American
revenues in 1999, a statistic unlikely to change appreciably through 2006.%

While the average price of GPS products continued downward in the
new century, the number of units sold and total revenues advanced according to
predictions. One estimate in 2000 put the number of GPS users worldwide at 1.5
million, with an economic impact of $6.2 billion. According to Frost & Sullivan,
total revenues from the North American GPS equipment market alone amounted
to $3.46 billion in 2003. A breakdown of that figure by end-user group—consumer,
commercial,and military—revealed 52 percent,40 percent,and 8 percent, respectively.
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Recreational GPS devices constituted a huge market, with shipments rising from
3.2 million in 2002 to 5 million in 2003.%° Sales of portable navigation devices, used
primarily for in-vehicle navigation, rose faster than projected in the United States
from 300,000 units in 2003 to 550,000 in 2004 and about one million in 2005.
Analyst Ron Stearns of Frost & Sullivan calculated the automotive portion of the
consumer GPS business at $922 million, with estimated unit sales of 1.2 million for
2006; the addition of outdoor units for recreational users would send sales to $1.8
billion and more than 4 million units for 2006. Stearns expected combined annual
sales for automotive and outdoor GPS units to reach 8.3 million, worth $2.7 billion
in revenues, by 2010.>” As Bradford Parkinson, one of the founders of GPS, said in

1980, the “potential uses [of GPS] are limited only by our imaginations.”
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CHAPTER 18

Duar-Use As UNINTENDED Poricy DRIVER:
THE AMERICAN BUBBLE

Roger Handberg

In the earliest days of the Space Age, the U.S. government, for diverse and pressing
policy reasons, elaborated the dual-use distinction. Their view became that space
activities could in fact easily be delineated into peacetul civil purposes and clearly
military purposes.This distinction in practice ultimately proved unsustainable but was
especially convenient for arms control purposes beginning with the 1960s nuclear
arms race. The dual-use concept has proven to embody several unanticipated effects
which decisively and negatively impact future U.S. engagement in space commerce.
This policy arose when the United States was eftectively a monopolist with regard
to space applications, but has different implications in a globalizing economy.

This paper analyzes, first, the rise of the dual-use concept and its general impact on
civil/commercial space applications; second, how that situation changed with the cold
war’s end and the lessening of security restrictions; and, third, the destabilizing economic
effects that have arisen for the United States. This analysis focuses mostly on the American
experience, but the dual-use concept proved particularly useful internationally with
regard to slowing nuclear proliferation (the Nonproliferation Treaty)'; it was extended
specifically in 1987 to space launch technologies with the Missile Technology Control
Regime (MTCR),? and more broadly with the “Wassenear Arrangement on Export
Controls for Conventional Arms and Dual-Use Goods and Technologies.” The latter is
more wide-sweeping in its implications for transfer of dual-use technologies.

1. Treaty on the Non-Proliferation of Nuclear Weapons (entered into force 5 March 1970), http://
disarmament.un.org/ TreatyStatus.nsf (accessed 15 October 2006).

2. The original signatories were allies of the United States: Canada, France, Germany, Italy, Japan, and
the United Kingdom. http:/ /www.mtcr.info/english/index.html (accessed 15 October 2006).

3. The Arrangement “complements and reinforces, without duplication, the existing regimes for non-
proliferation of weapons of mass destruction and their delivery systems, by focusing on the threats to
international and regional peace and security which may arise from transfers of armaments and sensitive
dual-use goods and technologies where the risks are judged greatest. This arrangement is also intended to
enhance co-operation to prevent the acquisition of armaments and sensitive dual-use items for military
end-uses, if the situation in a region or the behaviour of a state is, or becomes, a cause for serious concern
to the Participating States.” http://wwwwassenaar.org/publicdocuments/Basic%o20documents%6202006%20-
%20January.doc (accessed 15 October 2006).
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The application areas focused on here include remote sensing (including
weather), navigation, and communications satellite policies as the most obvious
areas. Launch vehicle restrictions arose later than the others due to other factors.
The changes occurring are not merely technological (i.e., improvement in the
scale of images provided or accuracy of positioning information or enhanced
communications) but are due to the fact that these largely military-initiated and
-dominated sectors are becoming engines for economic growth and improvements
in productivity. These applications are driving the commercial space sector to
become more truly international in scope and operations. Early space visionaries
often envisioned a world economically and politically integrated through the use of
space applications, but that has not occurred because of national security restraints.
Those security restraints have not vanished in the American case, but the global
spread of technological competence regarding space technologies has removed the
capacity of any single state to control these applications. The image projected by
these changes is a cooperative, peaceful world but, for the United States, the political
focus remains upon these applications’ potential to disrupt the U.S. economy and
security operations.

Duar-UseE As A CONCEPT—DBEGINNINGS

From the perspective of the late 1940s and early 1950s, at the cusp of the
first Space Age, the dual-use concept was largely irrelevant because the operative
assumption was that national space programs would be controlled and led by their
military, with whatever civilian presence that developed being clearly subordinate
one.* The historical U.S. model for nonmilitary participation in space activities was
the scientific expedition,such as Lewis and Clark in 1804, led by the military.Wernher
von Braun’s famous series of articles in Collier’s assumed that the expeditionary
model would continue.’ This concept faded in the 1960s but has been resurrected
by U.S. Air Force space power advocates as a means by which to recapture their
control over human spaceflight.®

The purely civilian (especially commercial) aspect of space activities existed
initially as a theoretical concept, despite Robert Goddard’s pioneering research
on launch vehicles and early speculation by Arthur Clarke about communications

4. Howard E. McCurdy, Space and the American Imagination (Washington, DC: Smithsonian Institution
Press, 1997), chapter 1.

5. William E. Burrows, This New Ocean: The Story of the First Space Age (New York: Modern Library,
1998), pp. 142-146. For excerpts of the original articles, see John M. Logsdon, ed., Exploring the
Unknown: Selected Documents in the History of the U.S. Civil Space Program, Volume I: Organizing for
Exploration (Washington, DC: U.S. Government Printing Office, 1995), pp. 176-200.

6. Simon P. Worden and John E. Shaw, Whither Space Power? Forging a Strategy for the New Century
(Maxwell Air Force Base, AL: Air University Press, September 2002), pp. 110-112.
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using Earth-orbiting satellites. The dominant reality became that the muilitary
(the Nazis and Soviets first, later the Americans) controlled the space technology
development process, including funding of whatever launch technology was
deemed useful. The military’s initial and primary interest focused on building more
effective and farther-reaching weapons carriers.” The wider possibilities for space
activities were understood to exist and were the subject of preliminary analysis
but all were considered within the paradigm of military control over any space-
related technologies that might be developed.® In fact, the original thought was
that the military itself, through an arsenal system, would control production of
such technologies. In the American case, however, the U.S. Air Force had extensive
experience with contractors as technology producers under military supervision.

This contractor approach fit better with American ideological proclivities and
provided greater flexibility for expansion and contraction of production, it being
easier to lay oft contractor employees than civil servants employed at an arsenal.
One direct consequence of this approach was creation of an aerospace industry
that was in place if and when military control loosened. The aeronautical side of
the industry was an excellent prototype of a dual-use capability, although it was not
thought of in those terms.

Embedded in the beginnings of the Space Age was the shadow of a dual-
use concept, but even there the military remained dominant. The rise of space
scientists was in part built around the reality that their initial value was as payload
providers whose results had direct military relevance, especially improvement in
communications and scanning capabilities through better understanding of the
ionosphere and other environmental forces impacting radio wave transmissions at
different frequencies and thus, by extension, military operations.’ Beginning with
sounding rockets (high-altitude balloons were already in use), scientists found
that the ability to leave the atmosphere even briefly to observe atmospheric and
celestial events was truly liberating, opening up new vistas of scientific information
and understanding. This original relationship explains why the first successtul U.S.
satellite launch carried a scientific experiment on-board whereas the Soviets’ first
satellite was basically a transmitter in space, famously annoying the Americans with
its repetitive beeping.'’

7. Walter A. McDougall, . . . the Heavens and the Earth: A Political History of the Space Age (New York:
Basic Books, 1985), pp. 100-111.

8. Ibid., pp. 116-124.

9. David H. DeVorkin, Science with a Vengeance: How the Military Created the U.S. Space Sciences
after World War IT (New York: Springer-Verlag, 1992).

10. Paul Dickson, Sputnik: Shock of the Century (New York: Berkeley Publishing, 2001), pp. 108—109.

The original satellite payload for the Sputnik was downsized in order to ensure that success would

occur when the attempt was made to orbit a satellite. Cf. Asif A. Siddiqi, Sputnik and the Soviet Space
Challenge (Gainesville, FL: University Press of Florida, 2000), pp. 152—170.
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Concurrent with these military-dominated development efforts were research
efforts within the communications industry exploring the use of satellites for
facilitating global communications.!! These efforts were less publicly visible since the
corporations involved, including AT&T (“Ma Bell”) and RCA, focused more on
securing corporate economic advantage rather than the publicity sought by military
services in their quest for Congressional attention. The 1940s and 1950s saw intense
public campaigns by the military services to gain appropriations advantages relative to
other services. In one sense, these private efforts were more realistically the harbingers
of the dual-use concept because they were truly nonmilitary although communications
satellites (comsats) possessed obvious military usefulness regardless of their origin.

Therefore, the dual-use concept is premised on a distinction that
technologically had no reality but was considered politically critical if weapons of mass
destruction (WMD) proliferation threats to world security were to be controlled. This
nonproliferation effort focused heavily on missiles or rockets that could deliver weapons
with no effective means of defense, although other applications came under similar
constraints. However, the biggest political booster of this distinction, President Dwight
Eisenhower, saw the dual-use concept’s value first with regard to his Herculean struggle
to keep the U.S. budget under control (i.e., fiscally balanced).'? Eisenhower’s greatest
political nightmare was that the United States would rush off in pursuit of glory in
the heavens—a quest that he considered to be of little relevance security-wise.

On 4 October 1957, the first Sputnik launch led to an immediate and vociferous
public demand for a U.S. space effort commensurate with that being apparently
mounted by the Soviets. The public’s demand was fed by a Congress controlled by
the president’s political adversaries.”? This situation further inflamed existing rivalries
among the three U.S. military services, especially between the Air Force and Army;
each eagerly sought to seize outer space as its new area of operations, just as they
had previously squabbled over missile systems."* With visions of large but separate
competing military space programs dancing in his head, Eisenhower moved at once

11. David J. Whalen, The Origins of Satellite Communications, 1945—1965 (Washington, DC: Smithsonian
Institution Press, 2002). Whalen’s argument is that these private efforts got lost in the publicity given
to NASA for forays into communications satellite development.

12. David Callahan and Fred I. Greenstein, “The Reluctant Racer: Eisenhower and U.S. Space Policy,”
in Spaceflight and the Myth of Presidential Leadership, Roger D. Launius and Howard E. McCurdy, eds.
(Urbana, IL: University of Illinois Press, 1997), pp. 31-39.

13. For example, Senate Majority Leader Lyndon Johnson opened committee hearings on the question
of the American space program and what was to be done in the fall of 1957. Robert A. Divine, The
Sputnik Challenge: Eisenhower’s Response to the Soviet Satellite (New York: Oxford University Press,
1993), pp. 41-76; Eugene M. Emme, “Presidents and Space,” in Between Sputnik and the Shuttle:
New Perspectives on American Astronautics, Frederick C. Durant, III, ed. (San Diego, CA: American
Astronautical Society, 1981), pp. 16-23.

14. David N. Spires, Beyond Horizons: A Half Century of Air Force Space Leadership (Peterson Air Force
Base, CO: Air Force Space Command, U.S. Air Force, 1997), pp. 21-38.
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to first, stop the interservice rivalry, and second, to cut oft any military aspirations for
pursuing human spaceflight, the most expensive and difficult of space activities. All of
this domestic activity occurred against an international background where the global
nuclear arms race loomed as an enormously expensive contest with no end in sight,
except possibly Armageddon. Eisenhower was definitely not interested in having this
nuclear arms race spread to the heavens, raining death from space. Plus, Eisenhower
had severe doubts as to the military usefulness of outer space in terms of weapons.
Cutting off a potential interservice rivalry was politically easier than stopping
the political rush to start a human spaceflight program.The Air Force had earlier been
awarded control over land-based, long-range ballistic missiles; the competitive Army
missile effort had been reduced to developing short-range or tactical missiles.'® This
decision, however, had come only after years of bitter service infighting but was only
put in place just prior to the first satellite launch. The president further confronted
the political reality that his original effort to stymie the Army’s growing space efforts
had come a cropper when the first Vanguard launch (a civilian program run by the
Naval Research Lab) failed to leave the pad in December 1957—a perfectly dismal
response to two Soviet successes with their larger and physically more impressive
Sputniks. Prior to the Vanguard launch, the administration had hedged its bets by
authorizing the Army Ballistic Missile Agency team, led by Wernher von Braun, to build
a back-up launcher and satellite. This cobbled-together effort flew to orbit on 31 January
1958—Explorer I became the first U.S. satellite. The Army had argued in 1956 that it
could orbit a satellite immediately but that option was rejected by the administration
16 After the very public
Vanguard failure, Eisenhower needed the political success symbolized by a successful

whose interests were different and more internationally focused.

Explorer launch, but von Braun’s and the Army’s larger space ambitions, including
manned spaceflight, were not encouraged and were finally terminated.

Eisenhower’s resistance was premised on two views he held regarding a
potential manned spaceflight race: first, the cost was too high given available national
resources (remember, balanced budgets), and second, the Army could not be allowed
to build up its space efforts in competition with the Air Force. The latter goal was
comparatively easily achieved with the Army space program being shut down. That
decision was bitterly resisted (almost to the point of active insubordination) but the
president was adamant. That left the other piece—the question of a manned space
effort run by the Air Force, the victor in the interservice space wars, with visions of
a vast space effort to compete with the Soviets across the spectrum of activities.

15. Raymond H. Dawson, “Congressional Innovation and Intervention in Defense Policy: Legislative
Authorization of Weapons Systems,” American Political Science Review 56 (March 1962): pp. 49-50.
The dispute began over air defense systems and escalated.

16. Rip Bulkeley, The Sputniks Crisis and Early United States Space Policy (Bloomington, IN: Indiana
University Press, 1991), pp. 95-101.
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The answer to Eisenhower’s latter problem came in the form of NASA, killing
the proverbial two birds with one stone. NASA became the president’s stalking
horse for removing the Air Force from the manned space arena. His view was
that a manned space program run by a military service would be impossible to
control in terms of budget growth because the military could always invoke military
necessity in order to stymie any presidential efforts at budget control. The problem
of military services end-running around the president to Congress regarding
their relative budget share had been a continuing feature of domestic politics in
the 1950s, especially since the other party, the Democrats, controlled Congress."”
Eisenhower’s great prestige as the commander of Allied victory in Europe helped
him beat back some efforts, but military space activities were literally completely
new—the president was considered no more expert than many others. Also, equally
relevant was the U.S. desire to slow down the proliferation of nuclear weapons.

NASA became the stalking horse for achieving the president’s efforts—first
to deflect Air Force ambitions and second to initiate successtul arms control. The
Air Force part was somewhat easier because, as a military service, it had to have
an assigned mission in order to pursue a particular technology or approach. The
decision was to transfer all manned or crewed spaceflight operations to the new
agency, NASA, established 1 October 1958, leaving the Air Force out of the picture.
The decision to make this move had two bases.

First, Eisenhower thought that a civilian agency would be more easily
managed in terms of budget, lacking the political clout of the military services. In
his assumption of NASA’s political weakness, Eisenhower was ultimately correct
but mistaken in the short term—the Southern paladins within Congress (especially
at the committee level) saw great opportunities for constituency service in terms
of creating constituent jobs." When the Mercury program was approved despite
Eisenhower’s misgivings, the door was opened for Congressional pork. With
President Kennedy’s announcement of the Apollo program in 1961, NASA entered
its Golden Age. Even in its relative political eclipse later, NASA has retained its
usefulness for Congress as a source of constituent jobs. '

17. Samuel P. Huntington, The Common Defense: Strategic Programs in National Politics (New York: Columbia
University Press, 1961), pp. 374-378.

18. Robert A. Divine, “Lyndon B. Johnson and the Politics of Space,” in The Johnson Years, Volume 2:
Vietnam, the Environment and Science, Robert A. Divine, ed. (Lawrence, KS: University Press of
Kansas, 1990).

19. Eisenhower’ resistance to government growth stymied Congressional leaders’ desire to create jobs. The
creation of NASA presented the golden goose since Eisenhower was constrained by the political pressures
to “do something about space”” New NASA Centers—Goddard Space Flight Center, Johnson Space
Center, Stennis Space Center, and Kennedy Space Center—were established, while former NACA
Centers—Langley Research Center, Glenn Research Center, Dryden Flight Research Center,and Ames
Research Center—were upgraded and former Army space assets—Marshall Space Flight Center and the
Jet Propulsion Lab—were acquired. All kinds of economic opportunities were brought to the southern
United States, which historically had a severe deficit of such facilities and industries.
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Second and more critical, by transferring manned spaceflight to a nonmilitary
agency, the political opportunity existed for establishing outer space as an
international sanctuary devoid of space-based weapons. This latter was extremely
important for nuclear arms control purposes since, for the first time, the parties
were not attempting to remove or restrict weapons already fielded; rather, they were
attempting to deny weapons’ initial entry into a location. The realm of outer space
was defined as the common heritage of mankind, as stated in Article 1 of the so-
called Outer Space Treaty:

The exploration and use of outer space, including the moon and
other celestial bodies, shall be carried out for the benefit and
in the interests of all countries, irrespective of their degree of
economic or scientific development, and shall be the province
of all mankind.

It was not to be an arena for direct military confrontation (Article 4):

States Parties to the Treaty undertake not to place in orbit around
the Earth any objects carrying nuclear weapons or any other
kinds of weapons of mass destruction, install such weapons on
celestial bodies, or station such weapons in outer space in any
other manner. %

This perspective allowed an intense public space race competition between
the two nuclear space powers to occur without necessarily leading to a military
confrontation.”’ After the Cuban missile crisis in October 1962, the Soviets and
Americans were both aware of how fragile the nuclear peace was—a fact which
heightened their interest in decreasing confrontation potential. Thus, the race for
the lunar surface could end with a clear winner, the United States, but without the
hazardous outcome implied by an arms race.

Out of this mishmash of goals and motivations, the concept of dual-use arose
as one primary methodology by which all space-related technologies could be
evaluated as to whether they possessed significant military implications. This concept
created a truly artificial distinction since the only real difterence between military
and civilian or commercial uses was, at its essence, user intent. The technology
remained basically the same but its purposes varied. Military technologies were
often more robust in terms of their survivability (i.e., military specifications or “mil-
specs”), but the central application remained the same for both.

20. Treaty on Principles Governing the Activities of States in the Exploration and Use of Outer Space,
Including the Moon and Other Celestial Bodies (entered into force 10 October 1967), http:/ /wwiw.
state.gov/t/ac/trt/5181.htm (accessed 15 October 2006).

21.1In the interest of this nonmilitary space race, President Richard Nixon has been identified as
reshuffling the Apollo crew schedule in order to ensure that a civilian was first to set foot on the
lunar surface. Worden and Shaw, pp. 112.



360 SOCIETAL IMPACT OF SPACEFLIGHT

Those with a more Machiavellian orientation might think that another
important motivation was economic in that the dual-use concept permitted
tightened political control over the dissemination of such technologies. The United
States, for example, aggressively protected its monopoly over other Western nations
with regard to space lift and any other space technologies they might develop that
potentially competed with U.S. economic interests.?? For example, the launching of
experimental communications satellites built by potential economic competitors
was resisted until sufficient political pressure was brought to bear, one example
being the French-German Symphonie comsat in 1974. Once that political barrier
was broken, space communications technologies could now be sent to orbit by
other nations, increasing their competitiveness with the United States. Success
there, however, did not change the reality that military security-imposed limitations
still affected their usefulness. In effect, these externally imposed technological
disabilities distinguished the nonmilitary usefulness of the same technologies from
the military—the essence of dual-use.

The impact of the dual-use distinction was very real economically because it
imposed restrictions upon the usefulness of several space applications in competition
with terrestrial-based competitors. Often discussions of space-based commercial
applications ignore the existence of robust and established economic competitors.
In fact, those competitors either directly or indirectly have impacted development of
space applications. Early U.S. policy regarding comsats was driven by awareness that
AT&T (the Bell system) and IT&T sought to dominate the new field of space-based
communications. Controlling their monopolistic tendencies was a major factor in
U.S. policy. Ironically, the pathway chosen solidified their critical role in the field’s
future development since the initial satellite linkages were to their phone lines.

DoMEesTiCc IMPLICATIONS OF DUAL-USE

Dual-use space applications are, by definition, useful for civilians but their
military potential renders their dissemination problematic. Simply put, during the
cold war the domestic economic usefulness of such technologies was, as a matter
of policy, subordinated to their potential as a threat enhancer for other nations.
Therefore, strict constraints were imposed regarding how useful the application
could be made or how widely it was disseminated. The universe of dual-use
applications has become large and comprehensive, as can be seen in the various lists
generated under the Wassenear Arrangement.>

22. Roger Handberg, International Space Commerce: Building from Scratch (Gainesville, FL: University Press of
Florida, 2006), pp. 52-58; Lorenza Sebesta, The Availability of American Launchers and Europe’s Decision “Io
Go It Alone,” (Noordwijk, The Netherlands: ESA Publications Division, 1996).

23. The Control Lists generated by the Arrangement include:“List of Dual-Use Goods and Munitions List,”
which is publicly available on their Web site: http:/ /wwwwassenaar.org (accessed 15 October 2006).
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The reality is that the United States has adhered to a much more restrictive view
regarding dual-use technologies. Efforts at loosening those restrictions were underway
in the 1990s but were partially reversed with regard to exports when allegations were
made that China was stealing U.S. secrets.* Congressional action in 1998 led to
stricter enforcement of existing International Traffic in Arms Regulations (ITAR)
by the Department of State rather than the Department of Commerce, which was
deemed to be too willing to facilitate expanded international trade by loosening
security restrictions. As a result, the United States returned to a policy similar to
that during the cold war, when the trend was toward liberalized global trade of such
technologies. Global trade in space applications expanded, but with less and less U.S.
participation. American fears were that certain nations were stealing U.S. secrets—
many with military implications, since the technologies involved were dual-use.

Launch technologies are the obvious dual-use technology; however, policy
makers at first did not consider them critical simply because governments, through
their militaries, controlled all the missile launch vehicle derivatives. In fact, not until
after the Space Shuttle Challenger accident in January 1986 did a private launch
sector come into view in the United States.” This privatized sector flew legacy
launch systems received from the government. Internationally, all major launch
vehicles have been government-developed and -owned, even when they were
spun oft in the Arianespace context as a commercial corporation. Development of
new launchers or upgrades of existing ones have thus far always been government-
funded and ultimately government-controlled.

Efforts at purely private launchers have been more disappointing than
successful, and even the successes (or near-successes such as SpaceX’s Falcon series)
get sucked into the government orbit.® As a result, launch technologies did not
pose an issue—the U.S. had an eftective monopoly over space launch in the West
while the Soviets controlled the rest. As launch technology spread in the form of
ballistic missiles rather than space transportation, the United States and other nations
concerned with weapons proliferation became alarmed at the fact that rogue and
other unsavory states could readily acquire such militarily useful technology. Out
of that concern arose the Missile Technology Control Regime (MTCR) in 1987
as the mechanism by which the dissemination of such dual-use technology could
be regulated. MTCR attracted only limited support initially but its existence has

24. Christopher Cox, Report of the Select Committee on U.S. National Security and Military/Commercial
Concerns with the People’s Republic of China. House Report 105-851, 25 May 1999 (Washington, DC:
U.S. House of Representatives); Joan Johnson-Freese, “Alice in Licenseland: U.S. Satellite Export
Controls since 1990,” Space Policy 16 (July 2000): pp. 195-204.

25. Handberg, International Space Commerce, pp. 82-83.

26. The Commercial Orbital Transportation Services (COTS) demonstration program involves up to
$500 million for support of the International Space Station using either the Rocketplane Kistler or
Space Exploration Technologies (SpaceX) as the supply vehicles.
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been used to leverage other nations into compliance. India’s attempted purchase of
cryogenic upper-stage engine technologies from Russia was derailed because of
Russia’s need for Western support and investment to support the newly established
Federation. The MTCR has not prevented the dissemination of missile technologies
but, similar to nonproliferation treaties, has slowed the process. %’

Comsats

Communications satellites remain the lodestar of commercial space activity since
their applications can generate significant revenues while also being militarily useful.
Development of the field was dominated at first by the United States,both technologically
and organizationally. Establishment of Intelsat was orchestrated to put the United States
in the dominant position—it was defined as the monopoly over international satellite-
based communications. In the early years, U.S. satellite manufacturers were favored,
but once that monopoly was broken by the Europeans the United States argued that
no comsat could be launched that operated outside the purview of Intelsat or later
Inmarsat. In time, that broke down with the Canadian Anik satellites and later with
regional systems such as Eutelsat and Arabsat, and finally in the commercial comsat
vendors, the first being PanAmSat. The opening up of the comsat market made direct
broadcast service (DBS) available, which individual consumers or groups can access
directly without going through the gateways of the Intelsat system.? In addition, comsat
companies became increasingly international in their ownership, which restricted U.S.
ability to control communications in and out of certain nations. The international nature
of these corporations made them less responsive to U.S. demands, although access to
U.S. markets could be denied in retaliation.

In dual-use terms, comsats are available to an even wider group of users,
including nations that the United States does not wish to have such access. For
comsats, the dual-use argument was weaker and has largely been discarded except
by the United States, since the idea of globalization implies and translates into more
and more access to the worldwide communications net (never mind the World
Wide Web, which is in fact a minor part of it). Proliferation of comsats and their
methods of operation have completely undermined U.S. efforts at control since the
United States no longer controls the manufacture or launch of such spacecraft. The
Europeans are the strongest competitors, but other nations such as Japan and China
are developing their manufacturing capabilities.

27. The standard treatments of U.S. policy regarding Intelsat in the early years can be seen in Joseph N.
Pelton, Global Communications Satellite Policy: INTELSA'T, Politics, and Functionalism (Mt. Airy, MD:
Lomond Books, 1974); and Jonathan E Galloway, The Politics and Technology of Satellite Communications
(Lexington, MA: Lexington Books, 1972).

28. Ironically, PatnAmSat was later acquired by a privatized Intelsat in 2005—a move symbolic of the
changed policy environment.
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Remote Sensing

The two areas most directly impacted by the dual-use concept are remote
sensing and navigation. Clear restrictions were placed on all nonmilitary remote
sensing satellites; weather satellites were the major exception, but even there the
level of resolution was kept large (i.e., the aperture was kept at the half-mile
[kilometer] level or higher rather than at the 3-foot [meter| or less level in order
to deny any military usefulness to the images produced). In the late 1960s NASA
began looking for space applications that would have social utility; remote sensing
was one obvious application because the images produced had great social potential
for social purposes, including environmental monitoring in particular.

With the empowerment of the environmental movement in the early 1970s,
such a satellite became an obvious route to pursue. The Earth R esources Technology
Satellite (renamed Landsat 1) was the result. The fact was that the satellite was
deliberately kept less accurate than it could have been, ranging from approximately
131 feet (40 meters) to 246 feet (75 meters) with an approximately 115-mile (185-
kilometer) swath depending upon the imager used. The eftect was to thwart any
attempt at commercialization of the Landsat or equivalent systems. The security-
related fear was that a truly commercialized remote sensing approach would allow
potential enemies to acquire detailed images at little cost even though they did not
own space assets capable of doing the job or any space assets at all.

A series of struggles ensued over the next two decades, reaching their crescendo
in the Reagan administration’s efforts to commercialize Landsat.?” That effort failed
because, in reality, there was no large commercial market for the images produced—
the images had usefulness but their large scale limited what could be observed. On
a macro level, the images produced were useful but further advances in Landsat
technology were effectively stymied by dual-use considerations. The pictures taken
could be manipulated to improve the view, but that was of limited utility despite
significant increase in resolution. The reality was that for two decades the remote
sensing field was effectively a dead-end in terms of civilian applications. Eftorts to
open the field to commercial or other players took form in the passage of the Land
Remote Sensing Act of 1992.% This allowed the entry of commercial interests but
did not change the security restrictions, which meant it remained a dead-end until
that last part was put in place. The French, with their SPOT Image satellite, were
the only international competitor; its images had somewhat greater resolution but
also were not considered to be of military significance.

29. For an abbreviated summary of the controversy, see Roger Handberg, The Future of Space Industry:
Private Enterprise and Public Policy (Westport, CT: Quorum Books, 1995), chapter 4.

30. Pamela E. Mack and Ray A. Williamson, “Observing the Earth from Space,” in Exploring the
Unknown: Selected Documents in the History of the U.S. Civil Space Program, Volume III: Using Space,
John Logsdon, ed. (Washington, DC: U.S. Government Printing Office, 1998), pp. 173-176.
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This national security dimension weakened in the 1990s as a consequence
of two factors, the first Gulf War and the rising U.S. concern about international
economic competitors. During the run-up to the 1991 coalition attack on Iraqi
forces in Kuwait and Iraq, images from both Landsat and SPOT Image satellites were
incorporated into military planning. Their large scale was in fact more useful for
some purposes than the images acquired from intelligence satellites, which provided
detail but no larger perspective. That usage meant that the security restrictions
imposed over the years were in fact less useful than originally thought.

Subsequently, in 1994, the Clinton administration eftectively removed any
restrictions on the image resolution being sought. That led to an explosion of
applications for remote sensing licenses, although economic reality proved much
harsher since most applicants lacked the financial resources to make their satellites
happen.®' Ironically, the Department of Defense (DOD) now found this loosening-
up to its advantage because the existence of such commercial options meant that
the military did not have to build as large a remote sensing fleet as was earlier
projected. This became particularly important after the Soviet Union’s collapse and
the general decline in defense spending (partially reversed after 9/11).

The 11 September 2001 terrorist attack provided evidence as to this new
operating environment: for example, in October—-December 2001 DOD purchased
all Tkonos images of Afghanistan so that others could not gain access. However,
the commercial sector remains dependent upon the DOD for its survival given
the competition with the aerial surveying industry. Improvements have occurred
but delivery of space-based images is still too slow for many customers. Also, the
problem of satellite revisit times to take subsequent images still advantages the aerial
surveying industry. Further complicating the situation is the existence of a number
of international competitors, including the Russians, using military-grade remote
sensing data, the French, and, interestingly, the Canadians with their Radarsat system.
Clearly, the technology has spread beyond the control of one nation.

Navigation

Navigation represents the clearest example of dual-use applications, since its
pedigree was entirely military. What occurs is fairly straightforward; the military
are obsessed with knowing their forces’ exact location (regardless of the enemy’s
location). This 1s particularly true for the Navy, which operates beyond sight
of landmarks. Establishing one’s position at sea awaited the development of the
sextant where one shoots the stars to determine location and accurate clocks. Like
a communications satellite, a navigation satellite provides a signal which, when

31. For a broader overview of the global remote sensing market, see John C. Baker, Kevin M. O’Connell,
and Ray Williamson, eds., Commercial Observation Satellites: At the Leading Edge of Global Transparency
(Santa Monica, CA: RAND Corp., 2001).
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combined with signals from other navsats, gives one their exact location on Earth’s
surface. The U.S. Navy pursued such a navsat system first with its Transit system in
the 1960s, until the Air Force and Navy combined efforts to build what became
known as the NAV GPS system.*

Using this combination of radio signals and atomic clocks, the receiver can
determine a location on the surface and/or in the air with great exactitude. This
application was developed for positioning and search and rescue, although the civilian
applications became quickly obvious. For the military, GPS reduced “friendly fire”
incidents and other blunders due to the fog of war and facilitated development of
GPS-guided munitions, greatly enhancing weapon effectiveness and lethality. The
essence of the military transformation hinges on global GPS access.

The degree of precision provided was particularly sensitive because the U.S.
military did not want to enhance the ability of America’s enemies to find targets
employing the same GPS signal. Initially, the United States established two signals
(now more)—one very accurate and precise for the military and other authorized
users, and a second signal with a deliberate distortion (selective availability, SA) built
into that signal.

In response to the shooting down of Korean Airline Flight 007 in 1983 when
it strayed into Soviet air space, President Ronald Reagan had ordered the DOD to
allow civilian access to the GPS signal. Opening the door to civilian use proved the
equivalent to opening Pandora’s Box as the military, in time, lost control. Another
aspect was that the DOD retained the capacity to completely deny the civilian signal
under some conditions due to threat, imminence of war, or actual conflict. This SA
function was controversial for non-U.S. users of GPS. Despite the U.S. military’s
resistance, American and especially Japanese commercial vendors were relatively
quickly able to create software that effectively negated the built-in distortion. In fact,
the first large military conflict employment of GPS was during the first Iraq war in
1991 when, due to a shortage of military GPS receivers, the United States turned
off SA so that commercial receivers given to the troops would work accurately. This
decision further dramatized the DOD’s waning control over what was becoming a
major commercial sector.

Afterwards, the navigation business exploded as more applications were developed
that provided even greater precision. One powerful application was the timing function
of the navigation satellites (each carries an atomic clock), which is used to control
computer networks to allow greater efficiency in moving data across the globe. This
enormously increased economic efficiency across large distances in moving information
and money transactions. Absolute U.S. control over this critical business resource became
a major controversy between the United States and other nations.

32. Handberg, International Space Commerce, chapter 6.
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The Europeans, especially, saw SA and DOD control over the turnkey not
as security-driven but as further attempts by the American monopolists to protect
their economic dominance. The result, after some acrimony, was development of
the Galileo satellite radio navigation system as an alternative to the GPS system.
This Galileo system, the Europeans say, will not be turned off in a time of military
conflict or imminent conflict, although that may not prove out in the long term
as the Europeans come to see themselves as becoming more proactive globally,
partially replacing the Americans. The DOD’s response was initially to reject any
change but that view was overridden by President Clinton with the 2 May 2000
removal of distortion from the GPS signal. That decision attempted to forestall the
Galileo program or at least make its development proceed more slowly. All such
efforts failed, although splits within Europe over various Galileo issues have slowed
development. In addition, the Europeans have solicited Galileo participation by non-
European nations, including China, a fact that further feeds American concerns.

Duar-UsE AND ITS IMPLICATIONS

The point being made here is simple: dual-use considerations directly
and heavily impacted American domestic and international commercial space
policy—international considerations are what drive the system even though the
major economic impacts occur domestically. Those impacts are the unintended
consequences of an American policy generated in an earlier period. No nation has
been totally deprived of the capacity to acquire needed space applications because
of the U.S. prohibitions, especially in the cases of communications, remote sensing,
and navigation (and arguably rocket technology).The reality is that these restrictions
have had more of an adverse impact on the U.S. economy than elsewhere. The
United States is creating a bubble around its space commerce efforts by imposing
security-driven restrictions that significantly blunt any U.S. efforts at competing
economically in the global marketplace.*

Over time, the global spread of space technologies has eliminated U.S. capacity
to determine to whom and for what uses the technologies will be available. That
raises some interesting implications for the broader question of U.S. security policy.
As a general policy concept, dual-use embodies several implications, the most
significant of which is keeping the United States secure from its enemies by denying
them improved militarily useful technology. What has slipped out of U.S. hands

33. The “bubble analogy” arose during the discussions of the original papers at the Societal Impact
conference in September 2006; I regret not writing down who the author of the phrase was at
that time. It is used here as shorthand for the isolation of American space industry from the global
marketplace due to security restrictions. In other contexts, Joan Johnson-Freese has written and
spoken extensively on the effects of the 1998 decision to reimpose security restrictions on U.S.
technology exports, including space applications.
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is the ability to control dissemination due to the multiplicity of players. Take any
major space technology and you can find multiple providers outside the United
States. This issue arose first in the 1980s when Japan, for example, was deemed more
advanced in a number of militarily relevant technologies than the United States.
That situation has grown worse. That translates into a situation in which U.S. space
industry runs the risk of becoming less competitive and, by extension, falling behind
possible military competitors in terms of application quality.

During the cold war there were two central players with their alliances; now
there exist multiple combinations of players who may coalesce in opposition to
the United States regarding various issues. The key problem is that the instruments
through which America military power is exercised are now exceedingly vulnerable.
One of the critical lessons learned, fortunately by analogy and not by attack, is
that Earth-orbiting satellites are vulnerable to interference either directly through
physical attack, or indirectly through manipulation of their operating programs
or disruption of their signals. Proceeding along orbital paths, easily predictable by
observation, means that satellites cannot hide. In fact, in orbital space, commercial
satellites are growing even more vulnerable to disruption. Growing U.S. military
dependence on commercial comsats and remote sensing satellites for critical tasks
increases their vulnerability to disruption since commercial vendors find no reason
to harden satellites or provide other means of protection.The costs are not justifiable
for a commercial venture. The GPS system itself is capable of being jammed by any
combatant more sophisticated than Irag—their efforts in 2003 were not successful,
but the way is clear.

The dual-use concept represented one effort at delaying American vulnerability
to nations equipped with equivalent military technologies; the economic motivation
has persisted even though the security justification has lost its potency. Both
have lost their persuasiveness, especially the latter; American companies are now
effectively excluded from many international economic opportunities regarding
use of space technologies—strong, technologically sophisticated competitors are
taking increasing market share in the different sectors of space commerce. The
difficulty is that for the United States, change demands a rethinking of what is to
be accomplished using space applications. Previously, U.S. policy was to bind others
to the United States through security and economic ties, with the latter thought
to be the more lasting. Those days are gone. Space history has seen the relative (not
absolute) decline of American dominance with the entry of the Russians and the
formerly excluded Chinese into the field, along with the rise of the Europeans and
others to increasing prominence.
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CONCLUSION

Dwight Eisenhower, along with others, effectively fabricated the dual-use
concept to solve certain political problems that he otherwise felt would spin out
of control. To that end, Eisenhower was successful and dual-use became embedded
in U.S. policy thinking, although initially its implications were not entirely clear if
the international environment were to change. Over time, the earlier question of
security faded in intensity but not out of existence. The emergence of China as a
potential rival led to an intensification of dual-use concerns, with the economic
component much more publicly muted. Ironically, the result is that China has not
been delayed by U.S. actions; the larger effect has been to severely cripple American
space industry competitiveness more by inadvertence than by design. The two are
now not mutually supportive, as in the beginnings when dual-use allowed the
pursuit of American security and economic interests simultaneously. In a world of
global economic competitions, balancing the values of economic competitiveness
and security is no longer as simple or clear as before.



CHAPTER 19

RECONNAISSANCE SATELLITES, INTELLIGENCE,
AND NATIONAL SECURITY

Glenn Hastedt

Policy arenas do not arrive on the scene full-blown, nor do they remain static
over time. They grow and evolve. We are witnessing this today with homeland
security. More than a half-century ago we saw it with national security. One way
to conceptualize the dynamics involved in the development of a policy arena is as
a stream of activity. Much like the origins of a river are found in the merging of
smaller tributaries, a policy arena is the product of several different forces coming
together. Typically they involve a definition of a problem, the emergence of a
collection of institutions designated to address that problem, and the identification
of a strategy set to solve the problem. Once under way, a river reinvents itself daily.
The changes are not necessarily visible at the outset, but over time they become
clear. External events, both man-made and natural occurrences, play their part in
this evolution, but so, too, do the currents of the river and the life its waters sustain
within it. International crises, accidents, bureaucratic politics, personalities, as well
as new ideas and technologies are such driving and shaping forces in policy arenas.
Finally, given enough time, rivers themselves disappear by either merging into larger
bodies of water or vanishing into the ground as their water flow is reduced to a
trickle. Changing perceptions of a problem or the proper way to address it may
cause the first phenomenon to occur in a policy arena, whereas shrinking budgets
and public apathy may bring about the second.

Akey element of the policy stream that is national security was the development
of reconnaissance satellites. They were not present in 1947 at the formal founding of
national security as a policy arena—with the passage of the National Security Act—
but they became an important force in its subsequent downstream development.'
Its effects can be seen in the identity and influence of the government agencies
that make up the intelligence community; the manner in which intelligence was

1. See R. Cargill Hall, “Clandestine Victory: Eisenhower and Overhead Reconnaissance in the Cold
War,” in Forging the Shield: Eisenhower and National Security for the 21st Century, Dennis Showalter, ed.
(Chicago: Imprints Publications, 2005) for a discussion of the technological and political streams
from which reconnaissance satellites emerged.
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thought about by policy makers; and the problems to which intelligence was put. In
none of these cases were reconnaissance satellites the sole factor in producing these
changes but in each case they played a major role.

FORMATIVE CURRENTS

Four forces can be seen as having a formative influence on the development
of the national security policy stream into which reconnaissance satellites would
enter. The first was the problem of strategic surprise as symbolized by Pearl
Harbor. This was the event that, in the minds of many, national security policy
had to make sure was not repeated. The second force was the solution of greater
centralization and cooperation at the national level among bureaucracies involved
in foreign diplomatic, military, and economic policy. Pearl Harbor occurred in spite
of warning; intelligence was present, but it was not recognized or acted upon. The
inherent validity of this solution was reinforced by the wartime experience of ad
hoc military centralization that came about out of the need to cooperate with the
British. To bring this about, the 1947 National Security Act created the Central
Intelligence Agency (CIA), the National Security Council (NSC), and unified the
military services under a Secretary of Defense in a national defense establishment
that would soon become the Department of Defense (DOD).

The third force was the de facto establishment of an intelligence community that
was to work together to prevent another Pearl Harbor. Along with the newly created
CIA the other founding members were the Bureau of Intelligence and Research
(INR) at the State Department and U.S. Army, Navy, and Air Force intelligence. The
final force that exerted great influence on the origins of American national security
policy was the advent of the cold war. It presented the United States—and national
security policy—with a clearly identifiable enemy in the Soviet Union and then a
strategy—containment—around which policy makers could unite.

GROWTH AND DEVELOPMENT OF THE
INTELLIGENCE COMMUNITY

Today there are 16 organizations that officially constitute the intelligence
community. Reconnaissance satellites played a central role in the formation of
one organization and had a substantial impact on the development of two others.
Reconnaissance satellites can be most directly linked to the establishment of the
National Reconnaissance Office (NRO). President Eisenhower established the
NRO by executive order in August 1960. It became operational on 6 September
1961, following an agreement between the CIA and the Air Force setting it up as a
joint operation. The Air Force was placed in charge of launching the satellites and
recovering the film capsules; the CIA was charged with developing the satellites.
The director of the NRO was to be the undersecretary of the Air Force and



R ECONNAISSANCE SATELLITES, INTELLIGENCE, AND NATIONAL SECURITY 371

the deputy director was to be drawn from the CIA. Under terms of the initial
agreement, neither the CIA nor the Air Force had to give up control over any of its
reconnaissance satellite programs to the NRO. Instead, they would be merged at a
higher level into a National R econnaissance Program.

Reconnaissance satellites also played a role in creating the National Photographic
Interpretation Center (NPIC), the predecessor of one of the newest members is the
National Geospatial Intelligence Agency (NGIA). The original impetus for creating
NPIC lay in a March 1960 suggestion by Secretary of Defense Thomas Gates that
Eisenhower commission a study of the defense intelligence bureaucracy, describing it as
an inefficient, huge conglomerate. Gates’s proposal languished until Francis Gary Powers’s
U-2 reconnaissance aircraft was shot down. After this incident a Joint Study Group was
formed that reported out just prior to the end of Eisenhower’s presidency. Among its
conclusions were that the military was playing too prominent a role in the intelligence
process, and it called for increased efficiency through the creation of NPIC. Both the CIA
and DOD sought to run NPIC, with the DOD proposing the creation of a new unit and
the CIA calling for the expansion of its already existing Photographic Intelligence Center.
Secretary of Defense R obert McNamara acted on this recommendation and NPIC came
into existence in 1961 as a community-wide asset in the interpretation of aerial photos.
He also followed Eisenhower’s inclination to place NPIC within the CIA.

The third member of the intelligence community whose existence and
development is tied to reconnaissance satellites is the National Security Agency
(NSA). It was established by a secret executive order, National Security Council
Intelligence Directive (NSCID) No. 6, entitled “Communications Intelligence and
Electronics Intelligence,” on 15 September 1952. It formally came into existence on
4 November 1952. NSA is the successor organization to the Armed Forces Security
Agency (AFSA). It was set up as the result of a Joint Chiefs of Staff Directive signed
by Secretary of Defense Louis Johnson on 20 May 1949. Located within the DOD,
the AFSA was assigned responsibility for directing the communications intelligence
and electronic intelligence of the three military services signals intelligence units. In
spite of this broad mandate, the AFSA had little power. For the most, part its activities
consisted of tasks not being performed by the Army Agency, the Naval Security Group,
and the Air Force Security Service—the units whose work it was to direct.

Walter Bedell Smith, President Harry S. Truman’s executive director of the
National Security Council, found this state of affairs to be unsatisfactory. Particularly
troubling was the failure of the AFSA’s performance during the Korean War when
it was unable to break the Chinese and North Korean codes. His view was shared
by General James Van Fleet, commander of the U.S. Eighth Army who complained
that “[W]e have lost, through neglect, disinterest and possibly jealousy, much of

the effectiveness in intelligence work we acquired so painfully in World War I1.2

2. James Bamford, Body of Secrets: Anatomy of the Ultra-Secret National Security Agency (New York: Anchor
Books, 2002), p. 30.
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Smith wrote a memo in December 1951 calling for a review of communications
intelligence activities, describing the current system for collecting and processing
communications intelligence as “ineffective.”” Three days later,on 13 December 1951,
the National Security Council set up a committee (commonly referred to as the
Brownell Commiittee after its chair, Herbert Brownell) to examine the matter. The
Brownell Committee recommended strengthening the national-level coordination
and direction of communications intelligence activities. The NSA was created as a
result of these recommendations.

NSA got oft to an inauspicious start.Although it successfully engaged in overflights
of the Soviet Union, it lacked a capacity to provide intelligence on events elsewhere,
such as the Suez crisis. Moreover, its efforts to break Soviet codes repeatedly met with
failure. James Bamford goes so far as to speculate that in the 1950s NSA faced the
prospect of going out of business and that a “produce or else” atmosphere had settled
over the agency.® Salvation came in two forms. First, there was support from President
Eisenhower and his Board of Consultants along with an influx of funds in an effort
to strengthen its code-breaking abilities. Second, there arose the perceived necessity
of obtaining signals intelligence from Soviet missiles as a result of the launching of
Sputnik in 1957.The initial solution to this need was the construction of Earth-based
receiving dishes. The second-generation solution was the deployment of space-based
satellite receivers. President Eisenhower gave his approval for the first launching of an
ELINT satellite five days after Gary Francis Powers’s U-2 was shot down.

The story of the creation and growth of these national security organizations is
more complicated than a straight-line response of policy makers to the development
of reconnaissance satellites. It is one in which the existing currents of the national
security policy stream heavily influenced organizational design.This comes through
most vividly in the development of the National Reconnaissance Office.

The decision to create the NRO came years after explorations into the
feasibility of space reconnaissance satellites had already begun. Not surprisingly, the
Air Force was first to move in this direction. Officials were attracted by the potential
power of long-range missiles and tasked the RAND Corporation to study whether
they might be used to launch space reconnaissance satellites. Its report, “Preliminary
Design of an Experimental Earth-Circling Spaceship,” was delivered in May 1946.
Three others followed in 1947, 1952, and 1954. The last study was cosponsored
by the CIA and recommended that the Air Force begin at “the earliest possible
date completion and use of an efficient satellite reconnaissance vehicle”* RAND’s
report formed the basis for General Operational Requirement No. 80, issued by
the Air Force in March 1955, requesting proposals from the private sector for the
development of a photographic reconnaissance satellite.

3. Ibid., p. 355.

4. William Burrows, Deep Black: Space Espionage and National Security (New York: Random House,
1986), p. 83.
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Discussions were also under way at the presidential level. On 27 March 1954,
President Eisenhower held a meeting with James B. Conant, James R. Killian, Jr.,and other
scientists that led to the formation of a study group under Killians direction to develop
solutions to the problem of surprise attack. Its report, “Meeting the Threat of Surprise
Attack,” was completed on 14 February 1955. Project 3 dealt with intelligence and was
chaired by Edwin Land. In their briefings to Eisenhower, Land and Killian identified
satellites as a promising system for collecting intelligence that would provide warning
to the United States of an impending Soviet surprise attack. They also noted that the
technology to realize this collection platform would take time to develop and suggested an
interim technology: a high-flying reconnaissance aircraft. It would become the U-2.

Interest in space reconnaissance satellites led in multiple directions in the search
for a technology to accomplish this mission. The favored Air Force option was to
transmit photographs through a radio downlink. First known as WS-117L/Pied Piper
and then Sentry, it would ultimately be known as the Satellite and Missile Observation
System (SAMOS).The CIA advocated the mid-air capsule recovery system that had
been rejected by the Air Force. It became known to the world as Discoverer and to
those involved in intelligence collection as CORONA. Competition continued even
after a February 1958 Eisenhower meeting with Killian and Land that reviewed the
difficulties the Air Force was having in developing its reconnaissance satellite. As a
result of that meeting, Eisenhower decided to give the CIA primary responsibility for
developing a reconnaissance satellite. The Air Force did not, however, stop work on its
preferred option. It proceeded with its Sentry system.

The search for an appropriate technology to use for satellite reconnaissance
went hand-in-hand with efforts to devise an organizational structure within which to
house it. The search did not begin with a clean slate. A stream of activity was already
in place and had left a legacy into which organizational thinking would enter. When
the earlier decision had been made to build the U-2, Eisenhower determined that the
CIA—mnot the Air Force—would be in charge of the operation. There was nothing
automatic about this. Director of Central Intelligence (DCI) Allen Dulles was a firm
believer that human intelligence gathering should be at the core of the CIA’ covert
operations. He had shown little interest in the project earlier in 1954 and is described
as “accepting the inevitable” in later accepting CIA jurisdiction over it.* This came
after Edwin Land wrote a letter to him strongly urging the CIA to take the lead in
the CL-282 Project that would become the U-2. Land wrote “I am not sure that we
have made clear that we feel there are many reasons why this activity is appropriate for
the CIA ....We told you that this seems to us the kind of action and technique that
is right for the contemporary version of the CIA: a modern and scientific way for an
Agency that is always supposed to be looking, to do its looking.”®

5. Jeffrey Richelson, The Wizards of Langley: Inside the CIA’s Directorate of Science and Technology (Boulder,
CO:Westview, 2002), p. 13.

6. The CIA and the U-2 Program, 1954-1974 (Washington, DC: Center for the Study of Intelligence,
Central Intelligence Agency, 1998), p. 33.
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Richard Bissell, a special assistant to Dulles, was given the assignment to
develop the U-2, and a special standalone unit within the Directorate of Plans, the
Development Projects Staft, was created to manage it. This decision did not put an
end to bureaucratic jockeying for control over the U-2 program. Air Force Chief
of Staff General Nathan Twining believed that the Strategic Air Command (SAC)
under the direction of General Curtis LeMay should be in charge of the U-2.1In the
spring and summer of 1955, he lobbied for such a change, only to have SAC settle
for limited participation in the U-2 program.

Given the speed with which the U-2 was developed and became operational,
it is not surprising that Eisenhower again turned to Bissell and his Development
Projects Staff in 1958 as the lead organization after the decision was made to go
ahead with the Discoverer/CORONA reconnaissance satellite program. Beneath
them, the CIA and Air Force continued to go their separate ways. Each encountered
internal organizational problems. Within the Air Force, responsibility for space
satellite reconnaissance shifted from unit to unit with dizzying frequency.At different
times it was the responsibility of the Air Force and the Advanced Research Projects
Agency, sometimes leaving the Air Force with responsibility for little more than
supervising global surveillance studies and at other times being in charge of total
control over satellite reconnaissance programs.

At the CIA a different sort of organizational problem arose. Bissell was appointed
Deputy Director for Plans, putting him in charge of all CIA covert operations. In moving
into this new position in 1959, he took with him control over U-2 and CORONA,
effectively removing them from the Development Projects Staff. This move alarmed
Killian and Land, who saw covert action and human espionage as very distinct from
espionage based on science and technology. Moreover, they were concerned that within
the CIA there was now insufficient attention being given to science and technology
issues which were now found in virtually all quarters of the CIA.

The establishment of the NRO as an operational unit in 1961 did not end the
conflict between the CIA and Air Force over control over reconnaissance satellites.
Where the CIA saw the Air Force and the NRO as one and the same, and as
together trying to force it out of the satellite reconnaissance business by taking
over its successful CORONA program, the NRO saw itself as a truly national
intelligence agency having a small Air Force component. Over the next several years,
each body recommended that the other all but go out of the satellite reconnaissance
business. In November 1962 Air Force officials proposed that many (if not all) CIA
reconnaissance projects should be transferred to the Air Force and that all program
tunctions should be consolidated within the NRO. The CIA would later counter
with a proposal to eliminate the NRO with “all research, preliminary design, system
development, engineering, and operational employment” going to the CIA. It was
not until April 1965 that a truce was achieved with DCI Admiral William Raborn
and Secretary of Defense CyrusVance agreeing to a formula whereby the Secretary
of Defense had ultimate responsibility for managing the NRO, including its budget
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and choosing the director. The DCI was to have responsibility for determining
collection priorities and the CIA was to continue to be responsible for CORONA
and the development of new systems once the concept was selected.

A NEw DECISION-MAKING ENVIRONMENT

Reconnaissance satellites not only helped to create new organizations or transform
existing ones; they also altered the shape of the national security policy decision-making
environment into which they flowed in three ways. A first change was to complicate and
accentuate the managerial challenge facing the DCI. From the outset this individual was
simultaneously the head of the CIA and the head of the intelligence community. And
from the outset the DCI struggled to transform this grant of authority into something
meaningful. Not only was the CIA a new organization but also the other founding
members of the intelligence community were located in existing organizations. This
would also be true of all others who later joined the intelligence community. This
created an immediate point of contention between a DCI trying to forge a community
wide policy and intelligence officials in these agencies who were part of organizations
that did not always agree with this policy.

This problem was noted by the First Hoover Commission in its 1948 report. Its
subcommittee on national security policy, the Eberstadt Committee, wrote that““[TThe
Central Intelligence Agency deserves and must have a greater degree of acceptance
and support from old-line intelligence services than it has had in the past””’ Singled
out as still unsatisfactory were relations between the CIA and G-2 (Army intelligence),
the FBI, the Atomic Energy Commission, and the State Department.

As we have seen, the development of reconnaissance satellites quickly elevated
the Air Force to the position of the CIA’s primary antagonist. Conflicts of interest
also developed between intelligence agencies involved with the operation and
development of reconnaissance satellites and the analysis of their products. NSA
and NRO have quarreled over the proper mix of space-based systems, with NRO
consistently supporting a more costly systems mix. In addition to competing with
NSA,NRO also solicits funds directly from the military services through the promise
of tactical intelligence that will support their missions. In an eftort to resolve these
conflicts the National Imagery and Mapping Agency (NIMA) was created in 1996
by bringing together several offices including NPIC. The creation of NIMA did
not end bureaucratic disputes over imagery intelligence. The CIA’s Directorate of
Science and Technology sought to regain control over functions lost to NIMA,
while the NRO continued to have program and budgetary control over ground
station and mission control elements of space-based imagery.

7. Frank Gervasi, Big Government: The Meaning and Purpose of the Hoover Commission Report (New York:
‘Whittlesey House, 1949), p. 279.
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Second, the development of reconnaissance satellites also contributed to
changing the balance of power among the members of the intelligence community
by directing spending toward some agencies and away from others. Current estimates
are that by 9/11, 85 percent of the intelligence budget lay beyond the control of the
CIA.The overwhelming portion of this money went to DOD intelligence agencies,
most notably NSA and NRO. The inability to control intelligence budgets beyond
the CIA, and especially those in the DOD, became a constant issue in studies of
intelligence reorganization and a point of debate in the creation of the Director
of National Intelligence position. The 9/11 Commission’s proposal to create a
Director of National Intelligence gave this individual significant budgetary powers
over all intelligence community funds. As passed, the legislation accepted the view
put forward by the DOD that this power should be limited.

Third, reconnaissance satellites contributed to the development of collection “silos.”
Under ideal conditions, the relationship between analysts and collectors is one where
analysts identify intelligence needs and collectors translate those needs into specific targets.
Instead, a system has developed that is driven by collectors and the technology they control.
Additionally, the information gathered by these collection systems, more often than not, is
treated in a proprietary fashion. Its distribution is controlled and limited. As a consequence,
intelligence from different collection sources tends not to merge together in a constructive
fashion so that analysts can provide policy makers with answers their questions; instead, it
comes forward in competing streams from different collection silos.

Even in their early stages, the managerial impact of these changes was recognized. In
1971 the Schlesinger R eport,an inquiry into the operation of the intelligence community;,
began by stating what it saw as two disturbing trends in the operation of the intelligence
community. The first was the “impressive” rise in cost and size. The second was the
inability to translate those two features into improved intelligence products. Among the
factors it cited as responsible for this state of affairs were competition between collection
units that has led to unproductive duplication and unplanned growth, which has led to
a series of compromuise solutions. It concluded that the main hope for realizing any such
improvement lay in a “fundamental reform of the intelligence community’s decision
making bodies and procedures”” What was needed were “governing institutions.”®

VIEW OF INTELLIGENCE

R econnaissance satellites fit uneasily into the ongoing thinking about the role
of intelligence in the national security process. This relationship was anchored in
two guiding assumptions. First, the purpose of intelligence was to prevent strategic

8. The Schlesinger Report, “A Review of the Intelligence Community,” can be found at George
‘Washington University’s National Security Archive Web site, http://wwiw.gwu.edu/~nsarchiv/
NSAEBB/NSAEBB144/document%204.pdf (accessed 15 February 2006).
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surprise. The development of reconnaissance satellites fit comfortably here. Second,
the collection of intelligence was thought about primarily in human terms: covert
action and espionage. Reconnaissance satellites ran counter to this assumption and
would ultimately undermine this tendency to equate intelligence collection with
human intelligence. In the process it would lend an aura of legitimacy to espionage
that had never existed.

Reconnaissance satellites, along with their predecessor, the U-2 reconnaissance
aircraft, were quick to demonstrate their value as instruments for preventing strategic
surprise. Beginning in the mid 1950s, political forces within the U.S. intelligence
community (led by the Air Force) raised the specter of a bomber gap in which the Soviet
Union held a decided and threatening lead over the United States in the development
of a large strategic bomber force, creating an American vulnerability to a surprise attack.
U-2 overflights in 1956 provided visual evidence that this gap did not exist. Satellite
reconnaissance photographs would do the same just a few years later when they provided
visual evidence that led to a repudiation of the charge that a missile gap now existed.

The change in emphasis from human to technological intelligence collection
can be traced both to failures of the former and successes in the field of photographic
reconnaissance. The late 1940s and 1950s were the heyday of covert action against
procommunist regimes around the world and efforts to place agents inside the
Soviet Union and behind the iron curtain. The failed 1961 Bay of Pigs invasion
marked the end of that period, calling into question the credibility of the CIA and
its top leadership in the area of covert action. Eighteen months later, the Cuban
missile crisis cast doubt upon relying on human intelligence to prevent strategic
surprise. U-2 photographs provided the conclusive proof needed by the Kennedy
administration, confirming that Soviet missiles were being installed in Cuba. Classical
human espionage in Cuba had been unable to provide such intelligence.

There is, however, one aspect of intelligence that the increased prominence
of information (especially photographic images) gathered from U-2 overflights or
reconnaissance satellites did not change. It did not provide a silver bullet that ended
policy debates over how to interpret intelligence. Army and Navy intelligence,
along with the CIA, saw in early U-2 photographs evidence that future Soviet
ICBM launching sites would resemble the testing site at Tyuratam, Kazakhstan. The
Air Force disagreed and argued that no particular configuration could be assumed.’
In fact, the arrival of the U-2 photographs may have accentuated the problem
of interpretation. Photographs were compelling and easily understood by policy
makers. At the same time, they were too compelling and lent themselves to self-
deception and wishful thinking.'

9. Lawrence Freedman, U.S. Intelligence and the Soviet Strategic Threat, 2nd ed. (Princeton: Princeton
University Press, 1986), p. 71.

10. Mark Lowenthal, Intelligence from Secrets to Policy, 2nd ed. (Washington, DC: CQ Press, 2003), p. 64.



378 SOCIETAL IMPACT OF SPACEFLIGHT

EMERGENCE OF A NEwW PoLicy AREA

The success of first aerial reconnaissance and then satellite reconnaissance in
determining Soviet weapons capabilities helped to usher in a shift to thinking about
the fundamental purpose of intelligence and national security policy more broadly.
Although a concern for preventing a surprise attack never totally disappeared, it was
now joined by a concern for developing a framework for managing U.S.—Soviet
superpower relations.

Historically, attempts at reducing international tensions were predicated on two
assumptions and frustrated by one overriding concern. First, military cooperation
among enemies had to be preceded by some form of political accommodation.
Second, such cooperation was negotiated into existence by a treaty or similar
international agreement. Even when these were realized, a reduction in tensions
could be frustrated by the fear of cheating.

By the late 1950s and early 1960s, the cold war had become recognized by
all as an international fact of life. No abatement was in sight. Efforts to formally
negotiate cooperation, such as the Open Skies proposal, had not met with success.
The development of huge nuclear inventories also made it clear that neither side in
this struggle could hope for a military triumph over the other at anything except a
tremendous cost. The Cuban missile crisis reminded policy makers and the public that
conflicts between the two superpowers were not a thing of the past and that they held
the real potential for leading to war. Together, large nuclear inventories and the danger
of accidental war made it increasingly clear to policy makers in both countries that
even though they were enemies they had an interest in reducing tensions.

Steps such as the hot line linking Moscow and Washington were post—Cuban
missile crisis moves in the direction of seeking to have a more peaceful and stable
relationship without a formal treaty of any kind. This was followed later by interest
in negotiating a reduction in the number of nuclear weapons through the Strategic
Arms Limitations Talks (SALT I). Still, the problem of cheating remained and it was
accentuated by the recognition that the United States and Soviet Union remained
enemies. Where political considerations made on-site inspections impossible,
reconnaissance satellites offered a more reliable and politically acceptable method
for ensuring that each side lived up to the SALT I agreement.They did not infringe
on state sovereignty in a traditional sense because the principle of nonterritorial
spaceflights had been established in 1955, when the Eisenhower administration and
the Soviet Union both announced plans for launching of International Geophysical
Year satellites. Reconnaissance satellites also operated unilaterally; they did not
require the formal cooperation of other states.

Their ability to verify behavior and act as a stabilizing force in world politics
was dependent, however, on three conditions being met. First, both sides had to
possess this satellite capability. The first Soviet reconnaissance satellite was launched
in April 1962 and it appears that the Soviet Union reached this capability in 1963
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when Khrushchev began to publicly refer to such a capability. Second, both the
United States and Soviet Union had to agree not to try and shield information from
the reconnaissance satellites. This was accomplished in SALT I with the agreement
on noninterference with national technical means of verification. Third, neither
side could have a serious anti-satellite capability."! The U.S. moved its policy in
this direction in late 1962 when the DOD “reoriented” or canceled the Air Force’s
Satellite Interception Program.The Soviet Union ceased its anti-satellite testing in
1971, on the verge of the SALT I treaty.

As we asserted at the outset, policy arenas are constantly evolving and changing
as they move forward in time. So it was with conflict management. The ability of
reconnaissance satellites to perform their verification function was dependent upon
more than technology. As the political foundations of détente began to crumble
in the late 1970s, unilateral actions on the part of the Soviet Union and United
States began to undermine this verification function. Talk of winning nuclear wars
appeared in official pronouncements; definitions and standards of verification were
now openly debated; and both sides moved once again to test and develop anti-
satellite capabilities. Currently the development of a strategy of pree