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Preface

Space has long been the setting of especially intricate encounters between
human aspirations and the implacable laws of the physical universe. It is a
natural laboratory of fundamental science, at once the source of seminal
conceptual achievements and bewildering mysteries. It has been the venue
for both spectacular feats of engineering and tragic accidents. It has been the
locus of uplifting collaboration among nations as well as ominous confronta-
tion. It is an ever-compelling template on which popular imagination plays out.

The resulting array of interests, attitudes, and emotions engaged in the
practical utilization of space has made that topic an especially demanding
problem of public policy. Because of the risks and expense involved in space
operations, the burden so far has been borne primarily by the major national
governments. And those governments have been driven primarily by national
security considerations, the legacy of confrontations between the two global
alliances that dominated the latter half of the twentieth century. The passing
of that era and the progressive expansion of commercial utilization of space
have clearly created a new situation but not as yet the decisive reformulation
of basic purpose and operational policy that the change of circumstance can
be expected to require.

There has in fact been an argument about the basic character of the
appropriate adjustment. An impulse emerging from within the United States
government to dominate the utilization of space for national military advan-
tage has been resisted by a nearly universal coalition of other countries defend-
ing the principle of equitable utilization for common benefit. If the outcome
were to be directly decided by simple majority sentiment, the argument would
have long since been settled. Most people when asked opt for collaboration
and the pursuit of common interest; redirecting the inertia of established
policy is anything but simple, however. The underlying argument involves
a collision of intense convictions, and casual endorsement of common interest
is often mixed with the residual fear of imperial aggression that is an enduring
product of historical experience.

The appropriate balance between collaboration and confrontation in the
era of globalization is an unsettled question, and the implications for space
policy have not been worked out in the necessary detail. The effort to do so
is demanding, and will undoubtedly take some time.
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United States Space Policy:
Challenges and Opportunities
Gone Astray

George Abbey and Neal Lane

In 2004, with his Vision for Space Exploration (VSE), President George W.
Bush established a new course for the National Aeronautics and Space Admin-
istration (NASA) and America’s civil space program.® VSE presented a bold
plan to complete the International Space Station (1SS) and phase out the
space shuttle fleet by 2010. The VSE program also envisioned designing and
building a replacement for the space shuttle by 2008, flying it by 2014, re-
turning human beings to the moon by 2020, and preparing for missions to
Mars. In response to Bush’s new vision, NASA quickly reset its priorities,
pushing science, including environmental research, further down the list.

Critics of Bush’s plan expressed a range of concerns and called VSE bold
but incomplete and unrealistic. First and foremost among the critics’ concerns
is the mandate to stop flying the space shuttle in 2010. Grounding the shuttle
fleet means the United States will depend on Russia for human access to space
for at least four years, but more realistically for a decade. Bush and NASA also
made clear that VSE would be an entirely U.S.-led effort.

In our paper, United States Space Policy: Challenges and OpportunitiesiJ



tiveness of the U.S. space satellite and launch industry (due, in part, to an
overly restrictive policy on export controls) and a projected shortfall in the
U.S. science and engineering workforce.

Under Bush’s ill-defined space policy, government leaders made decisions
about space policy that affected not only national security but also the ability
of the United States to compete successfully with other countries in the com-
mercial use of space and to maintain a leadership role in space exploration,
science and engineering, and technology. These decisions have had ramifica-
tions for the health of the U.S. space industry, which is crucial to all aspects of
the space program and fundamental to the future of American efforts in space.
Furthermore, these policies were being made without adequate consultation with
foreign partners, whose participation is essential to future U.S. space efforts.

Our 2005 paper addressed four serious barriers that would need to be
overcome in order for the United States to realize the enormous potential of
space science and exploration: 1) the negative impact of U.S. export controls
on U.S. space commerce and international cooperation; 2) the projected
shortfall in the future U.S. science and engineering workforce; 3) inadequate
planning for NASA’s future; and 4) the erosion of international trust and co-
operation in space.

We stressed the importance of balance in NASA’s programs, including
the need for strong science, engineering, and environmental (for example,
Earth-observation) research components—as well as human space exploration
—and expressed concerns about the danger that the research programs would
be cut back to make progress on VSE. We felt it was critical to the nation’s
future civil space effort that NASA not become a single-mission agency.

That was four years ago. Today not only are those barriers still standing,
they are even more daunting because the significant political and economic
changes that have occurred since our paper’s publication in 2005 make the
task of overcoming these obstacles even more challenging.

BACKGROUND

The October 4, 1957, flight of the Soviet Union’s Sputnik 1— the first hu-
man-made satellite—was a turning point in the Cold War. The event startled
the world and prompted great alarm in the United States, which had believed
itself the world’s leader in space technology and missile development. The sur-
prise Sputnik launch and the failure of the first U.S. satellite launch attempt
on December 6, 1957, provided an unwelcome wake-up call. The crisis spurred
a number of U.S. initiatives, including the National Aeronautics and Space Act
(Public Law 85-568), signed into law by President Dwight D. Eisenhower on
July 29, 1958. The legislation created NASA, the civilian agency responsible
for guiding the nation into the space age.

The Soviet Union followed the triumphant flight of Sputnik with other
equally successful space missions, culminating in the flight of the first man in

UNITED STATES SPACE POLICY



space, Yuri Gagarin, in April 1961. Nearly a year later, in February 1962, the
United States achieved its first manned Mercury orbital flight, when John Glenn
orbited Earth. Nine months prior to that flight, and immediately following
American astronaut Alan Shepherd’s suborbital Mercury flight, President John
F. Kennedy had, on May 25, 1961, challenged the nation to send a man to
the moon and return him safely to Earth by the end of the decade.

Such a feat would establish the United States as the world’s unquestioned
technological leader. The Apollo program, which will go down in history as
one of the greatest human achievements, was on its way. In a little more than
seven-and-a-half years, Apollo 8 orbited the moon. The following year, six
months later, Apollo 11 landed on the lunar surface. The Apollo program cap-
tivated the imaginations of thousands of young people who would go on to
become the nation’s scientists, mathematicians, and engineers—a brain trust
for U.S. industry that fueled American progress for decades.

The United States would expand its record of leadership in space with
both manned and unmanned orbital and exploration missions. On July 20,
1976, the Viking 1 spacecraft successfully landed on Mars, followed by Viking
2 less than two months later. The results from the Viking experiments pro-
vided the most complete view human beings had ever had of the “red planet.”
Volcanoes, lava plains, immense canyons, cratered areas, wind-formed features,
and evidence of surface water were all apparent in the Viking orbital images.
The exploration of Mars continued with Mars Pathfinder, the first mission to
carry a rover to a planet. The rover, Sojourner, landed on Mars on July 4, 1997,
and went on to execute many experiments on the Martian surface. Two other
successful Mars exploration rovers, Spirit and Opportunity, have continued to
provide useful data on the planet almost continuously since their landings in
2003.

These and other planetary and astronomy missions, including the enor-
mously successful Hubble Space Telescope, have completely changed our un-
derstanding of the universe in a human life span. The U.S Shuttle Transpor-
tation System, commonly referred to as the space shuttle, is the longest run-
ning, most successful fleet of manned space vehicles ever made, despite set-
backs, including the tragic Challenger and Columbia shuttle accidents. The
ISS, which involves close partnerships with Russia and thirteen other nations,
is an incredible accomplishment. When the ISS is completed, it will represent
the largest international cooperative technological project in history.

By and large, these were all programs of the 1970s, 1980s, and 1990s.
Today, NASA, with VSE as its focus, has become an agency that is all about—
some would argue only about—human spaceflight to the moon and Mars.
Any other initiative has great difficulty being funded by NASA. By contrast,
the NASA that achieved the great accomplishments of the past had a vision
that sought to expand the frontiers in human and robotic space exploration,
as well as in basic science and aeronautical research. The agency pursued this
vision by encouraging and benefiting from strong international cooperation.
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If we were correct in our earlier paper to assert that the space program
and NASA were at a critical juncture in 2005, in 2009 the future of the U.S.
space program is very much in doubt. The narrow vision of the Bush admin-
istration in launching VSE and its subsequent failure to fund the effort ade-
guately have led to serious questioning of the nation’s commitment to space
and, consequently, to a steady erosion of NASA and the aerospace industry
that supports its missions.

NASA has been trapped by expectations it could not meet and promises
not kept. Morale at NASA is at a low point, many of the agency’s most expe-
rienced workers are retiring, and NASA, as well as U.S. aerospace companies,
faces dire manpower challenges. President Barack Obama’s early decisions re-
garding NASA will determine whether the United States continues to lead in
space or cedes that position to other nations.

In the following sections, we again address the four serious barriers dis-
cussed in our 2005 paper. In our view these barriers need to be overcome if
the United States is to realize the enormous potential of space science and ex-
ploration. Each issue is examined in light of the events of the last four years that
have made the challenge more difficult and the need for change more urgent.

In our 2005 paper, we noted that the four barriers to progress in the U.S.
space program need not—indeed should not—remain obstacles to future U.S.
efforts in space commerce, science and technology, and human exploration of
space. However, overcoming these barriers has been made more difficult by
the lack of progress during the past four years. There is an urgent need to de-
velop strategies to surmount these barriers if the nation’s civil space program
is to move forward.

THE FIRST BARRIER: THE IMPACT OF EXPORT CONTROLS
ON SPACE COMMERCE

The U.S. policy on export controls in 2009 is basically the same policy that
existed in 2005, and it is deeply flawed. The policy, known as ITAR (for U.S.
International Traffic in Arms Regulations), governs all space-related matters
and requires State Department licensing through a process that is both cum-
bersome and ambiguous. This bureaucracy also confounds U.S. efforts to
conduct space research and operations in cooperation with international part-
ners. Although the problems have significantly worsened since our 2005 paper,
recognition of the magnitude of the problem is more widespread today than
it was four years ago.

In 2005 we emphasized that the success of the U.S. space science and ex-
ploration programs is closely related to the success of the commercial space
industry. We noted that revision of ITAR was essential for the United States
to improve its competitiveness in space commerce, particularly in the satellite
industry.
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Since then, European aerospace companies have continued to encounter
problems with U.S. trade restrictions. In response, they are choosing to avoid
dealing with U.S. export controls by not using American-made parts, by be-
coming “ITAR-free”—meaning that their products are not subject to ITAR’s
numerous restrictions and the U.S. government’s licensing requirements. In-
deed, non-U.S. aerospace companies are advertising “ITAR-free” as a major
selling point.

The European Aeronautic Defense and Space Company (EADS) and
other European companies have been working to develop components that
can replace comparable U.S.-made parts. EADS has developed a satellite
motor that is completely ITAR-free and therefore not subject to U.S. export
license restrictions, allowing competitive access to worldwide customers.
France’s Alcatel Space has had a company policy since 2002 to build ITAR-
free communications satellites in order to avoid U.S. control over sales. On
April 12, 2005, Alcatel launched its first ITAR-free satellite on a Chinese
rocket. The company also received two major satellite contracts from China in
2005. Marotta, a British maker of spacecraft propulsion and propellant man-
agement equipment, advertises that its products “are European and hold
ITAR-free status.” And when Surrey Satellite Technology, another British
firm, discusses its satellite propulsion systems, they make clear that their sys-
tems are “completely ITAR-free.””

China has also been successful in pursuing space technology on its own.
A U.S. policy that bars China from launching satellites with U.S. components
had left China seeking customers from second-tier operators in Asia, Africa,
and South America. Recently, however, China has, in addition to its contracts
with Alcatel, secured a contract to launch European-based Eutelsat Commu-
nications’ five-ton satellite. Made without any U.S. components, the Eutelsat
satellite is scheduled for launch by China’s Long March rocket in 2010. China’s
launch bid, estimated to be as much as 40 percent below Western competitors,
gives it a cost advantage. Other potential launch customers for China are
France’s Thales Group and Italy’s Finmeccanica, which build satellites with-
out U.S. components. China now has a solid track record, with fifteen com-
mercial satellite launches since 2002, the most recent being a communications
satellite for Venezuela in October 2008. China has scheduled fifteen more
commercial satellites to be sent into orbit in 2009.

A 2007 Air Force Research Laboratory (AFRL)/Department of Com-
merce (DOC) report highlighted these and other problems being experienced
around the world by the U.S. aerospace industry. The report, Defense Indus-
trial Base Assessment: U.S. Space Industry, showed that complying with U.S.
export control regulations carries a high price tag for U.S. companies and
harms their global competitiveness. According to the report, export control
compliance costs in the United States averaged $49 million per year industry-



wide. Compliance costs grew 37 percent during the 2003-2006 period, with
the burden of compliance significantly higher for smaller companies.*

The report goes on to state that smaller companies feel that ITAR restric-
tions and limits are a major impediment to their ability to respond to proposal
requests and subsequently sell products in foreign markets. Some smaller com-
panies are starting to leave the space industry because of a sustained absence
of profitability and a refusal of some foreign companies to deal with ITAR li-
censing issues. As a percent of foreign sales, the cost burden on smaller com-
panies is nearly eight times that of major firms. These compliance costs include
insurance costs, consulting services, compliance-training costs, and Defense
Technology Security Administration monitoring costs. For companies that are
operating on tight budgets, these accumulating costs can be devastating.

According to the AFRL/DOC report, average net margins are thin and
below average for the smaller suppliers, around 5 percent, compared to 9 per-
cent in the high-technology manufacturing sectors in the general economy. A
direct correlation exists between export policy, the cost of compliance, and the
financial health of the smaller suppliers. For entrepreneurial companies, the net
margins (if they exist) are even lower because of the cost of compliance. En-
trepreneurial companies have had to restrict discussions with several foreign
investors because the companies could not provide the information to perform
a due diligence, and this has impacted the availability of investment capital.

This exodus has significant implications for the U.S. industrial base. An
Aerospace Corporation analysis published in 2007 expressed concern about
the U.S. space supplier base, where in certain critical areas, there is only one
domestic supplier left or one financially weak supplier.®

A 2007 white paper published by the Space Foundation in Colorado
Springs, Colorado, noted that an overly restrictive export control regime,
such as ITAR, results in an enfeebled and uncompetitive domestic space in-
dustry and can ultimately do as much damage to national security as a lax regu-
latory system. The foundation expressed concern that the United States is
effectively ceding the dominant position in space that it has enjoyed for some
time by allowing the expertise of the U.S. space industry to deteriorate. At the
same time, the United States’ stringent export policy has essentially allowed
global competitors to catch up in the global aerospace marketplace and de-
velop capabilities that, in many instances, are similar to those developed in the
United States. In Europe, as demonstrated by EADS and Alcatel, U.S. com-

4. Air Force Research Laboratory and the U.S. Department of Commerce, Defense Industrial
Base Assessment: U.S. Space Industry: Final Report (Washington, D.C.: Department of Commerce,
2007), http://www.bis.doc.gov/defenseindustrialbaseprograms/osies/defmarketresearchrpts/
exportcontrolfinalreport08-31-07master___3---bis-net-link-version---101707-receipt-from-
afrl.pdf.

5. Jared L. Fortune and Joshua A. Merrill, Identifying Space Industrial Base Issues (El Segundo,
Calif.: The Aerospace Corporation, 2007), from the AIAA Space 2007 Conference and Ex-
position, September 18-20, 2007, in Long Beach, California.



ponents and technology are slowly but surely being designed out of systems
from satellites to rocket motors.®

The present U.S. export controls are also negatively impacting scientific
research. The Space Studies Board of the National Research Council (NRC)
of the National Academies noted this issue in a report summarizing a Septem-
ber 2007 workshop that included participants from the space research, export
control, and policy communities to discuss the application of ITAR to space
science.” Their report made note of the conflict related to the present export
control regulations and scientific research.

Scientific research encourages and thrives on open and free discussions
and the interchange of ideas and approaches. Solutions to the environmental
problems facing today’s world also require international cooperative research.
But the current export rules greatly constrain or inhibit such interactions.
Much of the university research—basic research—Ileading to these solutions is
government-sponsored and falls under ITAR jurisdiction. ITAR licensing is
also required when students or researchers from other countries participate in
research. Obtaining ITAR approval places an added burden on researchers
and creates uncertainty as to when and if approval will be forthcoming. Addi-
tionally, other nations are reluctant to subject themselves to restrictions created
by U.S. law and regulations. As a result, the report said, foreign researchers
view cooperative research with the United States as less and less desirable.

The current export control laws also raise diplomatic and military con-
cerns. Gordon England, U.S. Deputy Secretary of Defense under President
Bush, contends that technology exports should be encouraged because

in this world of coalition warfare and building partnership capacity, it’s
essential for us and our friends and allies to have greater interoperability
.. . even with vastly different levels of investment. At every level of military
activity, from discussions of interoperable hardware designs to battlefield
support, the unintended consequences of ITAR can affect the ability of
troops and their support personnel to carry out vital tasks.®

The same is true of cooperative endeavors in human space exploration
where a complete understanding, technically and operationally, of the space-
craft and its systems and the overall mission is critical. Looking back, had
ITAR requirements been in place during the planning and operation of the
space shuttle and ISS, with their multination crews and control centers, the
result could have led to life-threatening situations. Indeed, substantive inter-
national cooperation probably would not have been possible.






overhaul because they are damaging U.S. industry with no corresponding
benefit to U.S. national security. Garner, speaking at the Satellite 2007 indus-
try conference, said those who helped update the ITAR regulations had no
intention of placing almost all satellite systems and components on the State
Department-controlled U.S. Munitions List of material to be considered
equivalent to arms for export purposes. Garner said the ITAR rules today
constitute a minefield for companies seeking licenses to deal with non-U.S.
entities to export satellites or related components.'* Many believe that a clean-
slate approach is needed to fix the fundamental disconnect between ITAR as
it is being applied to space science research and the needs of the U.S. space
science community as it endeavors to maintain world leadership. In short, the
rules need to be changed.

Controlling critical space technology exports that would put the nation at
risk is indisputably important. But equally important is to be competitive on
the world market and to encourage cooperative scientific research when such
commerce and research does not compromise critical technology. An export
control regime and regulatory environment that protects critical military
technologies and technical expertise while still allowing commerce and inter-
national scientific partnerships to flourish and the U.S. space industry to pros-
per and grow should be possible to implement. The ISS is an example of a
cooperative space exploration program that benefits all partners.

The January 2009 NRC report Beyond ‘Fortress America’: National Secu-
rity Controls on Science and Technology in a Globalized World best summarizes



THE SECOND BARRIER: THE PROJECTED SHORTFALL IN THE
U.S. SCIENCE AND ENGINEERING WORKFORCE

In our 2005 paper, we cited the projected shortfall in the science and engi-
neering workforce in the United States as the second barrier adversely affect-
ing the outlook for the U.S. space program. In 2006-2007, U.S. universities
awarded 73,315 bachelor’s degrees in engineering, down 1.2 percent from
the previous year, and 36,983 master’s degrees and 9,065 doctoral degrees.
The total number of master’s degrees decreased for the second consecutive
year, while the number of doctoral degrees increased substantially. Although
most of the bachelor’s degrees went to Americans, 40.4 percent of the master’s
degrees and 53.1 percent of the doctoral degrees were earned by students
from other nations.*® These students, in growing numbers, are returning to
their homelands in part because of the strict U.S. work permit rules. The num-
ber of engineers being produced by other nations is also increasing—particu-
larly in China and India, where new engineering graduates already outnumber
those in the United States.

In our earlier paper, we also noted the problem of the aging science and
engineering workforce and worries that this demographic shift will leave the
United States with an insufficient pool of skilled and experienced scientists
and engineers. Approximately 58 percent of the aerospace workforce is over
age 50. In 2008, approximately 27 percent of employed engineers became el-
igible for retirement, and during the next decade the number of employees
with science and engineering degrees reaching traditional retirement age will
triple.** The children of this generation of workers have not chosen careers in
science and engineering in the same numbers as their parents. The consolida-
tions that occurred in the aerospace industry in the 1990s also led to layoffs
that left the industry with a shortage of middle-age talent in the 30- to 40-
year-old range. This age group represents those individuals having both the
theoretical and practical knowledge to become programmmmtts



neers. Lockheed Martin alone has indicated it will need 140,000 engineers
over the next ten years just to replace retiring engineers. Yet, despite a grow-
ing demand for their skills, the number of engineers graduating from U.S.
colleges is decreasing. According to the American Society for Engineering
Education’s 2007 survey, undergraduate engineering degrees declined in
2007 for the first time since the 1990s, ending seven years of growth. The
drop was small, 1.2 percent from the previous year.'” Engineering bachelor’s
degrees, however, recovered in 2008 based upon the 2008 survey data.*®

The trend may not, however, show continued growth for several years, as
undergraduate engineering enrollment dropped in 2004 and 2005. The need
for continued growth in the number of engineering graduates comes at a
time of increasing technological competition from Asia and mounting domes-
tic concerns about the growing need for carbon-free energy, protection of the
environment, and the nation’s decaying infrastructure, to name only a few of
the challenges that will require engineering solutions. The 2007 survey showed
engineering master’s degrees with an even sharper drop than bachelor’s de-
grees in 2007, slipping 8.8 percent since the 2005 survey.*® In 2008 master’s
degrees recovered nicely from their previous two year’ decline, posting a 5.4
percent increase in 2008. The 38,986 degrees conferred were almost an exact
match of the total for 2006. At the master’s level, degrees to foreign nationals
reached 41.7 percent. This is a 3 percent increase from last year’s mark, which
was a ten-year low. The number of engineering Ph.D.s, by contrast, had been
growing an average of 11 percent per year since 2004. The 2008 survey, how-
ever, showed doctoral degrees remained virtually unchanged from the 2007
survey. A substantial number of these Ph.D.s are being earned by foreign na-
tionas. But the 2008 survey showed the share of doctoral degrees awarded to
foreign nationals declined significantly for the first time in nine years. Having
risen from 45.6 percent in 1999 to 61.6 percent in 2007, this year’s 58.3 per-
centage marks a clear change.

Considering the number of engineering graduates being produced by
U.S. universities and the significant numbers of foreign nationals within that
number, responding to the vacancies created by industry retirements will be
a significant challenge. Looking to the future, the increasing technological
competition from Asia and mounting domestic concerns about the growing
need for carbon-free energy, protection of the environment, and the nation’s
decaying infrastructure, to name only a few of the challenges that will require
engineering solutions, all create the need to graduate more scientists and en-
gineers from U.S. universities. The need for continued growth in the number
of engineering and science graduates will require attracting more young stu-

17. ASEE Profiles of Engineering and Engineering Technology Colleges, 2007.

18. American Society for Engineering Education (ASEE), ASEE Profiles of Engineering and
Engineering Technology Colleges (Washington, D.C.: ASEE, 2008).

19. ASEE Profiles of Engineering and Engineering Technology Colleges, 2007.
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these same fields, while the United States graduated about 85,000 with
two- or three-year degrees. From 2002 to 2005, both China and India dou-
bled their production of three- and four-year degrees in these fields, while
the U.S. production of engineers was stagnant and the rate of production of
computer scientists and information technologists doubled. The numbers are
large even if you were to cut them in half.?! Students throughout much of the
world see careers in science and engineering as the path to a better future. By
contrast, about one-third of U.S. students intending to major in science and
engineering switch majors after their first year.

For the engineering and science students who do graduate from U.S.
universities, aerospace engineering will likely not be their final destination.
According to a study commissioned in 2007 by Aviation Week and Space
Technology, today’s engineering graduates rank the aerospace and defense
fields low—if not last—on their list of industries providing desirable employ-
ment, far behind high technology and professional services. Just 7 percent of
students at fifteen top engineering schools interviewed for the study expected
they would pursue a career in aerospace.?? The solutions to today’s pressing
environmental and climate change issues and the need for the United States
to pursue alternative energy sources will also create demands for more new
young innovative scientists and engineers. Considering these needs and the
impending retirements serves to heighten the competition for the young
graduates and will contribute to a larger shortfall in the aerospace science and
engineering workforce.

The National Science Board stated the overall dilemma in their Companion
to Science and Engineering Indicators 2004:

If the trends identified in Indicators 2004 continue undeterred, three
things will happen. The number of jobs in the U.S. economy that require
science and engineering training will grow; the number of U.S. citizens
prepared for those jobs will, at best, be level; and the availability of peo-
ple from other countries who have science and engineering training will
decline, either because of limits to entry imposed by U.S. national secu-
rity restrictions or because of intense global competition for people with
these skills. The United States has always depended on the inventiveness
of its people in order to compete in the world marketplace. Now, prepa-
ration of the [science and engineering] workforce is essential for national
competitiveness.?®

The workforce situation is critical to the future well-being of the United
States and, much like the present economic crisis, demands immediate atten-
tion. Even if action is taken today, significant time will be needed to change

21. Anselmo, “Baby Boomers Retirements Could Trigger R&D Crisis.”
22. 1bid.

23. National Science Board, “An Emerging and Critical Problem of the Science and Engineer-
ing Labor Force: A Companion to Science and Engineering Indicators 2004,” NSB 04-07,
January 2004.
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the present trends—an estimated ten to twenty years according to the National
Science Board.?*

Rising above the Gathering Storm includes specific recommendations aimed
at improving the teaching of science, technology, engineering, and mathemat-
ics and attracting more U.S. boys and girls to careers in science and engineer-
ing, including competitive merit-based scholarships for bachelor of science
degrees for 10,000 new teachers, summer training programs for 250,000



fields of national need at U.S. universities, to allow them time to seek employ-
ment. The report recommends that if U.S.-based employers offer these stu-
dents jobs and if they pass a security screening test they should be provided
automatic work permits and expedited residence status. If the students are
unable to obtain employment within the one-year period, their visas would
expire. The report also recommends the creation of a new skills-based, prefer-
ential immigration option for individuals with a doctorate-level education and
science and engineering skills that would give them a priority in obtaining
U.S. citizenship. In the interim, the report recommends that the number of
H-1B visas be increased by 10,000 and that the additional visas be made
available to industry to allow the hiring of science and engineering applicants
with doctorates from U.S. universities.

The NRC report also proposes the revision of the current system of
“deemed exports” or transfers of controlled information and technical data to
non-citizens on U.S. soil. This information sharing is regulated as though an
export controlled commodity were being sent to the foreign national’s coun-
try of residence or citizenship and thus requires the “deemed” exporter—
whether a university, a private contractor, or an independent research institu-
tion—to obtain a license.

The proposed new system would provide international students and re-
searchers engaged in fundamental research in the United States access to in-
formation and research equipment in U.S. industrial, academic, and national
laboratories that is comparable to access provided to U.S. citizens and perma-
nent residents engaged in similar research. Foreign students would not have
access to information and facilities restricted under national-security regula-
tions. The report recommends that all technology items (information and
equipment) that are available for purchase on the overseas open market or
that have manuals that are available in the public domain (libraries, the Inter-
net, or from manufacturers) be removed from the deemed-exports technol-
ogy list to facilitate the fundamental research work of international students
and scholars.?”

The NRC’s 2009 report Beyond ‘Fortress America’ also assails the current
U.S. visa policy for inhibiting collaboration with foreign experts and the diffi-
culties of absorbing foreign students into the workforce in the United States:

Current law has the perverse effect of permitting foreign students to
enter the United States only if they can prove to a consular officer’s satisfac-
tion that they will take what they learn home with them . . . anyone who
admits that he or she might want to stay in the United States and con-
tribute to this country’s technological competitiveness must—by law—
be denied entry.®

27. National Research Council, Rising above the Gathering Storm.
28. National Research Council, Beyond ‘Fortress America.’
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NASA’s aeronautics research and technology program has also produced
significant advancements in aeronautical design, including the low-drag cowl
for radial engines and the “Coke bottle” to reduce transonic drag rise. More
recent aeronautics advancements—including multi-axis thrust vectoring ex-
haust nozzles integrated with aircraft flight-control systems; fly-by-wire flight
control technologies; high-strength, high-stiffness fiber composite structures;
and tilt-wing rotorcraft technology—have been achieved in partnership with
NASA’s research and technology programs. Aeronautical capabilities are im-
portant to the U.S. economy. Today the aeronautics industry is faced with the
challenge of an increasingly competitive world and a declining share of the
world aerospace market.

The agency that achieved so many incredible advances during its first fifty
years did so with a balanced program of activities in science, engineering, and
exploration, utilizing both human and robotic spacecraft and cutting-edge
aeronautical research, all built on a sound foundation of research and techno-
logical innovation.

In 2004, a year before the publication of our earlier paper, President Bush
chose to establish a new course for NASA and the civil space program. He
announced VSE, a bold plan to complete the space station and phase out the
space shuttle by 2010. Under VSE, a replacement for the space shuttle, the
Crew Exploration Vehicle, was to be built and tested by 2008, and the first
manned mission flown no later than 2014. Human beings would return to
the moon by 2020 and prepare for missions to Mars. Bush’s VSE was to be
led by the United States.

In our 2005 paper we spoke of the need for an American vision in space
that would be challenging but realistic, and we expressed the view that, al-
though returning to the moon and going to Mars are worthy long-term goals,
they should not be the only important, or even the most important, goals of
the space program. We argued that science, including the highly successful
missions to the planets, the dramatic robotic exploration of the surface of
Mars, the development and deployment of Earth-observing satellites, as well
as many missions still in the planning stages, should be among the highest
priorities for NASA. New scientific knowledge and the development and ap-
plication of revolutionary technologies to support scientific and exploration
missions have been the tangible products of the nation’s investment in space
and the key to NASA’s accomplishments and well-deserved reputation for
excellence and creativity throughout the world. We expressed the view that a
commitment to not diminishing the priority of science in any new program
was vital to NASA’s future, and we argued that the Bush administration



A great deal has changed since 2005. A rapidly changing social and politi-
cal environment, a series of decisions that affect the nature of the challenges to
the space program and create new ones, and four years of inattention to many
of these issues have resulted in the bar being raised even higher. Perhaps the
greatest change is in NASA itself. NASA is becoming an agency all-too-focused
on a single mission. If your activity is not about returning people to the moon
and going to Mars, you will have difficulty getting your activity funded.

Important research that was previously being done by NASA has been ter-
minated. The traditional NASA research centers Langley, Glenn (Lewis), Ames,
and Dryden have become program management centers, and much of the na-
tion’s research that had been supported by NASA is not being done.° The first
A in NASA has always stood for “aeronautics,” and NASA and its predecessor,
the National Advisory Committee for Aeronautics, had a rich heritage of aero-
nautical research going back almost a hundred years. The nation’s civil space



turn to the moon. The cost of the Apollo program was approximately $135
billion in 2004 dollars, but the president did not request even the small in-
creases he had promised, and NASA has had to reduce other ongoing activi-
ties to support the new vision. Former astronaut and U.S. Senator John Glenn
of Ohio has called the Bush VSE program “one of the biggest unfunded man-
dates that we have had in all of government history.”3!

In our 2005 paper, we stressed that it was vital to NASA’s future that the
priority of science not be diminished in the new program. As NASA has
scraped to find the money to fund the VSE program, science has paid the
price with large cuts in NASA’s research programs and space-based science
missions, including Earth-observation satellites needed for weather and climate
change observations. Other equally important activities, such as aeronautical
research, have suffered a similar fate. A comprehensive look at President Bush’s
budget for research and development in FY2009 shows that NASA’s budget
grew by $497 million, or 2.9 percent, to $17.6 billion, but that the science
portfolio was cut by 5.6 percent and aeronautics research by 13 percent.3?
Fortunately, the American Recovery and Reinvestment Act of 2009, passed
by Congress and signed into law by President Obama, will provide funds to
begin to address some of the cuts in NASA’s space-based science and Earth-
observation missions.

A prime example of the differing priority given to science by NASA under
the Bush administration was the decision not to fly the Alpha Magnetic Spec-
trometer (AMS). In 1995, Samuel Ting, the Nobel Prize-winning particle
physicist, proposed to use the ISS to examine the depths of the universe for
antimatter. The experiment would sift cosmic rays—the high-energy particles
from the sun, other stars, and even galaxies in outer space—with unprecedent-
ed sensitivity and precision, opening a new window on the universe. By look-
ing for the opposites of ordinary matter, the experiment would shed light on
why the universe appears to be made overwhelmingly of matter—although
the laws of physics suggest that matter and antimatter should have been born
in equal amounts. The discovery of antimatter from some distant antigalaxy
would have great scientific significance. The experiment might also, among
other discoveries, detect signals from the mysterious “dark matter” that ac-
counts for 25 percent of the universe.

The experiment is now almost complete after ten years of development at
a cost of $1.5 billion; it has been developed by a team of more than 500 sci-
entists from fifty-six institutions representing sixteen countries, including both
China and Taiwan. The governments of these countries have all helped to pro-
vide the funds for the AMS, which would be among the most expensive inter-



damental new discoveries.” NASA signed an “implementing arrangement”
with the U.S. Department of Energy in 1995, agreeing to fly the AMS ex-
periment on the station to the ISS if the department built it. But as NASA
increased its emphasis on implementing the Bush VSE with inadequate budgets,
it made the decision that other planned activities that supported VSE would
be assigned a higher priority and the AMS would not fly. NASA’s cancellation
of the AMS must stand as one of the most bizarre scientific policy decisions of
the Bush administration. This experiment alone, with its potential to probe the
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that weightlessness might have on cell cultures by incorporating a rotating
cylinder to hold the culture. The rotating vessel does not really cancel gravity
but maintains cells in continual free fall similar to that experienced by astro-
nauts in the microgravity of space. With rotation, pressure points on the
growing cells are relieved, allowing the device to grow three-dimensional,
highly accurate tissues, unlike previous culture experiments that allowed
growth in only two dimensions. This ensures that the fluid rotates without
shear forces that would destroy the cells. It spins a fluid medium filled with
cells. Already being commercialized, the device has been used to grow more
than thirty-five cell types, and no cell type yet tested has failed to grow well
in the system. In 2005, despite plans well underway to devote a research facil-
ity on the ISS to advance this much-needed research, the program was elimi-
nated based on the conclusion it did not support going to the moon or Mars.

We expressed concern in our 2005 paper that Bush’s VSE plan would
redirect NASA’s science programs, placing them at lower priority and making
deep cuts in research funding. Science has been fundamental to NASA’s suc-
cess in advancing human understanding of the universe, the solar system, and
Earth, and in providing the knowledge and technology that enable human ex-
ploration of space. Any truly visionary plan for NASA’s future should specify
science, including robotic exploration of space and satellite observations of
Earth, as one of NASA’s principal goals. Otherwise, the unique contributions
that NASA can make to astronomy and to planetary, earth, and space science
will be lost. America will cede its traditional leadership role in these frontier
areas of science to other parts of the world. The last four years, during which
science has continued to lose ground in NASA’s budget decisions, have proven
the validity of those concerns.

Our 2005 paper also raised concerns about ongoing space transportation
aspects of NASA’s plan for implementing Bush’s VSE, including the decision
to retire the space shuttle in 2010, presumably after the European 1SS mod-
ule Columbus and the Japanese JEM module are taken to orbit. We suggested
that the 1SS would not be able to realize its potential without the space shut-
tle, because the station requires both up-mass and down-mass capability (to
take large objects to the station and return obsolete items to Earth) that can
be satisfied only with the space shuttle. The proposed space shuttle replace-
ment, the Constellation space vehicle—an Orion crew exploration vehicle that
rides to space on a new Ares | rocket—would not have that capability.

Moreover, progress on developing the Constellation space vehicle has
been delayed because of significant technical design problems. As a result, the
Constellation will not be ready before 2015 and, realistically, probably much
later. Even if all of the problems can be solved with considerably more time and
money, the capabilities of the new system fall far short of the space shuttle in
many ways. The Orion capsule, a larger version of the 1960s Apollo capsule,
does not allow for extravehicular activity, cannot stay long in orbit, carries no
payload up or back, and must land in water. In the meantime, if the United
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States is to continue to play a role in the ISS, its only access will be by pur-
chasing rides on the Russian Soyuz. This creates a good deal of uncertainty
about the United States’ continued involvement in the 1SS and the nation’s
ability to meet international commitments to its partners.

The hard requirement to retire the space shuttle in 2010 has created an-
other concern. A limited number of approved shuttle missions remain. The
artificial retirement wall puts tremendous pressure on the schedule to ensure
all the missions are flown in the remaining months. This, in turn, puts enor-
mous pressure on the system and its personnel and could create major safety
issues. The situation is further aggravated as the shuttle workforce seeks em-
ployment elsewhere because of the impending termination of its positions.
What are these talented people, who have devoted their lives to the shuttle,
supposed to do after 2010? The plan for retiring the shuttle, if indeed it is to
be retired, should not be based on an arbitrary calendar date. Rather, missions
should be flown when they are ready to fly.

Because of budget and personnel shortfalls, NASA is unable to provide
firm cost estimates for VSE. Meanwhile, tight White House deadlines created
by the Bush administration continue to put pressure on both the Ares I and
Orion projects. Both projects are likely to continue to experience substantial
schedule slips and growth in costs. The best advertised estimate of when the
Constellation might fly is 2015; realistically, its first flight could be much later.
All the while, science will continue to be held hostage unless a change in di-
rection is made. The present direction—set by VSE and NASA'’s resulting
planning and implementation—has adversely affected NASA’s programs for
scientific research, including research focused on using space to better under-
stand Earth’s environment. The current course has also had a serious negative
impact on international programs such as the ISS.

In our previous paper, we acknowledged the success of Russia’s space
program, including its excellent space technology, skilled workers, consider-
able experience in orbit, and an admirable safety record. However, we expressed
the opinion that it would be a mistake to be completely dependent on any
one nation’s space program (whether that of Russia or another nation) when
human lives are at stake. We stated that the space shuttle should be returned
to flight once the safety improvements recommended in the Columbia acci-
dent report had been made and that the shuttle should continue to fly until a
new space vehicle with the necessary up-mass and down-mass capability has
been designed, tested, and placed into operation.3* We also recommended
that the long-planned space shuttle upgrades, including those recommended
by the Columbia Accident Investigation Board following the 2003 Columbia
accident, be implemented to improve shuttle safety and reliability. The long-
planned space shuttle upgrades were canceled by the Bush administration even
though they had successfully passed their qualification tests at great expense
and were ready to be installed.

34. Columbia Accident Investigation Board, Report, vol. 1-6 (Washington, D.C.: NASA,
2003), http://caib.nasa.gov/news/report/default.html.
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All of this says to us that the United States should rethink the national
strategy for human spaceflight. The current single-focus approach NASA has
adopted in order to implement President Bush’s VSE is unsustainable, could
lead to the nation losing its capability to fly human beings in space for a con-
siderable period of time, and continues to hold scientific research and aero-
nautics hostage to inadequate budgets. Moreover, uncertainties in the cost of
VSE continue to be large, making planning of any kind unnecessarily difficult.
Furthermore, no effort has been made to ascertain the willingness of the Ameri-
can people to pay the large costs of returning human beings to the moon.

We applaud President Obama’s recent decision to convene an indepen-
dent panel that will conduct a comprehensive review of NASA’s human space-
flight program. Norman Augustine has been named to chair an independent
review of U.S. human spaceflight plans. During the course of the review, the
panel will examine ongoing and planned NASA development activities and po-
tential alternatives in order to present options for advancing a safe, innovative,
affordable and sustainable human spaceflight program following the space
shuttle’s retirement. The committee is planning to present its results in time
to support an administration decision on the way forward by August 2009.

THE FOURTH BARRIER: A LOSS OF INTERNATIONAL
COOPERATION

In our 2005 paper, we expressed our deep concern that other nations, includ-
ing U.S. partners in the ISS, were not being invited to join the United States
as true partners in the early planning stages of future human space-exploration
missions. President Bush, in his speech of January 14, 2004, seemed to invite
other nations to share the challenges and opportunities of his vision and the
new era of discovery.>> However, NASA leadership subsequently contradicted
that promise when then-NASA administrator Sean O’Keefe stated that the
new space initiative was “very much going to be a U.S.-led endeavor. That’s
our intent. And, again, much of what we had been directed and what the
president envisions we do is to achieve this set of American, U.S. exploration
objectives.”*® O’Keefe’s statement left little room for ambiguity about the
role of future international cooperation. We stated in our earlier paper that,
given the present limited U.S. capability to undertake such a major program
as returning human beings to the moon and sending them to Mars, interna-
tional cooperation clearly would be necessary for these missions. Thus, exclud-
ing potential international partners at the outset all but assured that the presi-
dent’s vision could not be fulfilled.

That was 2005, before the federal deficit grew to an expected trillion dol-
lars in 2009, before the country was faced with an economic crisis the likes of

35. Bush, “Remarks by the President.”

36. Sean O’Keefe, “Press Conference on the Future Vision for Exploration,” Washington, D.C.,
January 14, 2004, http://www.nasa.gov/pdf/54876main_okeefe_transcript_04012004.pdf.
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This proposal represented a departure from President Kennedy’s vision of
1962, when he vowed, “We shall not see space filled with weapons of mass
destruction but with instruments of knowledge and understanding.”3¢ In our
2005 report we stated that placing offensive weapons in space would be a cause
for alarm throughout the world and would create a major obstacle to interna-
tional cooperation in space. American companies could expect an even more
restrictive U.S. export control policy. Such restrictions could further damage
commercial space activities and preclude the willingness of other nations to
join U.S.-led programs for both human and robotic space science and explo-
ration missions.

The placement of weapons in space would reinforce in the world commu-
nity the feeling that the United States is increasingly basing its foreign policy
on unilateral initiatives. As such, it would severely impact the progress that has
been made over the last fifty years toward multilateral international cooperation.
The Cold War is over, but the critical national security component of the next
generation of spacecraft is being used as the basis for the United States having
second-to-none space superiority and going its own way in pursuit of a lunar
and Mars program.

In 2007, Joan Johnson-Freese addressed this attitude and its impact in her
book, Space as a Strategic Asset. “Unfortunately, between fears about U.S. in-
tentions to weaponize space, constraints on American companies’ abilities to
act as reliable and rational aerospace business partners, and the United States
potentially backing out of international commitments like the ISS, the U.S.
leadership image has taken a beating.””%® She proposed an alternative approach:

In the 1960s, leadership was the motivation that took the United States
to the moon, as the country wanted to show itself as the winner in a
technology-based competition against the Soviet Union. It was a tech-
no-nationalist show of prowess. Today, post-September 11 and equally
or more important, with the ongoing war in Iraqg, the United States
needs to again recognize and embrace the leadership opportunity offered
by manned space exploration but this time based on cooperation, not
competition. Leading an international inclusive expedition from earth
allows the United States to counter its unilateralist militarist image, which
has prevailed due to both the Irag war and U.S. moves toward space
weaponization. Such a choice would go a long way toward rebuilding
American soft power by positively leading the world on a global endeavor
to step into space together for exploration development and applications
useful on earth. It is the ultimate positive “big event” strategic communi-
cation message of leadership. From the global participants’ side, taking
part in a grand space program does more than just help countries con-
struct technology and create industries; it builds dreams and generates

38. John F. Kennedy, “Address at Rice University on the Nation’s Space Effort,” September 12,
1962.

39. Joan Johnson-Freese, Space as a Strategic Asset (New York: Columbia University Press, 2007).
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However, even with the best intentions of the Obama administration, the
cooperation that Joan Johnson-Freese, Susan Eisenhower, and Rose Gotte-
maoeller all advocate will not be possible if the export control regulations (ITAR)
and other restrictive policies currently in place are allowed to stand. U.S. ex-
port controls and international cooperation in space activities are closely linked.
The ISS and the space shuttle program, as well as many of the successful ro-
botic science missions, were accomplished with considerable international in-
volvement and the relatively free exchange of data and (nonmilitary) technical
information with partner nations. The ISS could not have been successful under
any other conditions.

The NRC'’s report Beyond ‘Fortress America’ calls for a complete revision
of the nation’s export control regulations and asks the new administration to
promptly revise export control policies by issuing an executive order that af-
firms “a strong presumption for openness.””#? (President Ronald Reagan signed
just such an order during his administration.) The implementation of the re-
port’s recommendations would facilitate NASA’s restructuring of its human
space-exploration program with international partnerships.

President Obama, in his speech to the National Academy of Sciences on
April 27, 2009, spoke of the need for international cooperation: “We also
need to work with our friends around the world. Science, technology and in-
novation proceed more rapidly and more cost-effectively when insights, costs
and risks are shared; and so many of the challenges that science and technol-
ogy will help us meet are global in character.”*3

RECOMMENDATIONS

The First Barrier: The Impact of Export Controls on Space Commerce

Implement the recommendations of the NRC’s January 2009 report, Beyond
‘Fortress America.” Beyond ‘Fortress America’ presents a clear case for changing
the present export control rules. The report calls on the new administration
to revise export control policies promptly, by issuing an executive order that
affirms “a strong presumption for openness.” The report’s twenty pages of
recommendations should be implemented at the earliest possible date if the
United States is to overcome this barrier to realizing the great potential of its
present and planned activities in space, as well as strengthen the nation’s uni-
versity research activities and the nation’s aerospace industry.

At a hearing of the Committee on Science and Technology of the U.S.
House of Representatives on February 25, 2009, the witnesses and members
discussed the findings and recommendations of Beyond ‘Fortress America,’
which states, “As currently structured, many of these controls undermine our
national and homeland security and stifle American engagement in the global

42. National Research Council, Beyond ‘Fortress America.’
43. Obama, “Remarks by the President.”
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economy, and in science and technology.”#* During the hearing, Committee
Chairman Bart Gordon noted:

Our nation’s export controls were supposed to help strengthen our
national security, by protecting America’s sensitive technologies from
falling into the wrong hands. However, in recent years there has been
a growing chorus of concern that the current system of export controls
is undermining our nation’s competitiveness in the global economy,
undermining our science and technology enterprise, and weakening our
national security—not strengthening it.*®



instituted in 1958, ensured the security of the nation by developing the men-
tal resources and technical skills of its young men and women. Key features of
the legislation included a student loan program for colleges and universities to
increase the flow of students into science, mathematics, and foreign language
careers; a National Defense Fellowship for graduate study toward a college
teaching career; and a wide array of programs to enhance precollege teacher



a new launcher such as Ares I. Development of the new spacecraft would be
accelerated by reducing the crew size and the need for weight efficiency and
by taking advantage of previous Apollo and/or X-38 development. This would
significantly reduce the technical risk in many key areas, such as thermal pro-
tection and parachutes. Weight and technical risk could be further reduced by
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four years) payoffs in energy and the environment, especially in the area of cli-
mate change, takes advantage of the unique capabilities and skilled workforce
of each NASA center. The efforts and unique capabilities of the various NASA
centers should be refocused and assigned responsibilities commensurate with
their expertise. The short-term payoffs would involve initiatives to fully under-
stand and optimize the aerodynamics, structures, and mechanisms of large-
scale wind turbines; to fully understand and optimize high-efficiency, large-
scale solar cells and small-scale fuel cell technology applications; to improve
aerodynamic and propulsion efficiency of general aviation and commercial air-
craft; and to develop and evaluate alternative aviation fuels and aircraft power
plants.

Initiatives should be implemented to fully employ NASA’s ability to
monitor, model, and predict long-term climate, utilizing NASA instruments,
aircraft, spacecraft, computers, and communications. This effort could include
enhanced use of the ISS for monitoring Earth, as well as expansion of the
current EOS, and would require close coordination with the National Oceanic
and Atmospheric Administration (NOAA), U.S. Geological Survey (USGS),
and the National Center for Atmospheric Research (NCAR), supported by
the NSF through the president’s National Science and Technology Council.
The NRC’s 2007 Earth Science and Applications from Space: National Imper-
atives for the Next Decade and Beyond (a report of the Committee on Earth
Science and Applications from Space: A Community Assessment and Strategy
for the Future) provides a national strategy for the implementation of a pro-
gram of scientific discovery and development of applications for the next decade
that forms an excellent foundation for needed research that will significantly
enhance our understanding of our global environment. The report recommends
additional missions over and above the present planned program.*

In addition, robotic exploration should be implemented to compare Earth
to sister planets, a project that could lead to a better understanding of the cli-
mate history of Earth. Breakthroughs in all of these areas, as well as the devel-

opment of better solar and fuel cells and improved knov 8ss in all ofth th47 ity to
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tists and engineers understand the problems and required efficiencies. This
concept has made major strides since its initial inception with the realization
that constellations of smaller, more efficient solar collectors in medium-Earth
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the capability to fly human beings in space, and China is planning for its own
space station. As Susan Eisenhower has outlined, the benefits to the United
States of cooperation in space with Russia and of working with it and the other
international partners on the ISS, could be extended by making China a part-
ner on the ISS, thus encouraging and turning China’s aspirations in space to-
ward cooperation and the peaceful use of space.*® As a prelude to such discus-
sions, the United States should initiate discussions with China on the use of a
common docking system that would enhance and enable space rescue missions.
The successful docking system used for the ISS is an enhancement of the sys-
tem developed and demonstrated on the Apollo-Soyuz mission of July 1975.
We understand that both the United States and China have strategic national
security interests in space. But, in our view, the peaceful uses of space should
be the ultimate goal of both nations, and the surest way to achieve that objec-
tive is to begin serious discussions on cooperative scientific and human space-
exploration activities that the two countries, in cooperation with other nations,
can plan and carry out in the coming decades.

CONCLUSION

The election of President Obama and the arrival of an administration with a
progressive agenda presents NASA with a unique opportunity to demonstrate
that it is every bit as relevant in the post—-Cold War world as it was in the days
following Sputnik. By focusing the agency’s legendary capabilities on some of
the nation’s most critical needs while restructuring its human spaceflight ob-
jectives and establishing a more balanced overall set of programs that retain
science as a top priority, NASA could emerge a stronger agency than at any
time in recent decades. We propose a new direction for NASA, a plan that can
be carried out with existing capabilities and realistic budgets.*®

In the short term, NASA’s deep-space human spaceflight efforts can be
rapidly redirected from the moon and Mars to focus again on the ISS and on
science and the technical issues related to energy and the environment by
placing greater emphasis on research on Earth and in low-Earth orbit, includ-
ing enhanced satellite Earth-observation systems. At the same time, NASA
can—and should—plan, with international partners, including the present 1SS
partners and China, for a truly visionary cooperative space exploration program
beyond Earth orbit. Such a program would serve to inspire the next generation
of engineers and explorers as we seek new and challenging frontiers in space.

Energy security and threats to the environment—particularly climate
change and its impact on Earth’s ecology, land surfaces, oceans, and people—
will be one of the most significant challenges humankind will face in the next

48. Eisenhower, Partners in Space.

49. In addition to the present paper, see also, George W. S. Abbey, Neal Lane, and John Mura-
tore, “Maximizing NASA’s Potential in Flight and on the Ground: Recommendations for the
Next Administration,” James A. Baker 11 Institute for Public Policy, January 20, 2009.
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a relatively low-risk but high-payoff vision for NASA that would place it high
on the list of America’s current priorities.

By capitalizing on its substantial expertise, accomplishments, and capabil-
ities, NASA can demonstrate its importance as one of the nation’s leading sci-
ence and technology agencies in helping to resolve two of the major challenges
facing the United States today: energy security and climate change. At the same
time, NASA can reassert its international leadership role in space science and
exploration as it restructures its human spaceflight activities and reembarks on
a balanced program of space-based science and aeronautics research.

Many of the recommendations in the 2005 NRC report Rising above the
Gathering Storm and in the 2007 America COMPETES Act would be sup-
ported by a NASA encouraged to pursue international cooperation and redi-
rected to focus on a sound and balanced civil program of space science, explora-
tion, environmental research, and aeronautics research and technology. More-
over, the result would be a civil space program that would allow the United
States to maintain the leadership envisioned by President Kennedy in his his-
toric Rice University speech in 1962:

[T]he vows of this Nation can only be fulfilled if we in this Nation are
first, and, therefore, we intend to be first. In short, our leadership in sci-
ence and in industry, our hopes for peace and security, our obligations
to ourselves as well as others, all require us to make this effort, to solve
these mysteries, to solve them for the good of all men, and to become
the world’s leading space-faring nation.%®

Today, with the Cold War far behind us, the United States can be the
leading spacefaring nation by making the necessary investments in research,
education, and human space exploration and by leveraging those investments
through meaningful cooperation with other nations.>!

50. Kennedy, “Address at Rice University on the Nation’s Space Effort.”

51. The authors would like to acknowledge John F. Muratore for his contributions to the assess-
ment and recommendations concerning the future of NASA and the U.S. civilian space program.
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