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(1)

THE NATIONAL ACADEMY OF SCIENCES’
DECADAL PLAN FOR AERONAUTICS: A
BLUEPRINT FOR NASA?

TUESDAY, JULY 18, 2006

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON SPACE AND AERONAUTICS,

COMMITTEE ON SCIENCE,
Washington, DC.

The Subcommittee met, pursuant to call, at 2:06 p.m., in Room
2318 of the Rayburn House Office Building, Hon. Ken Calvert
[Chairman of the Subcommittee] presiding.
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HEARING CHARTER

SUBCOMMITTEE ON SPACE AND AERONAUTICS
COMMITTEE ON SCIENCE

U.S. HOUSE OF REPRESENTATIVES

The National Academy of Sciences’
Decadal Plan for Aeronautics:

A Blueprint for NASA?

TUESDAY, JULY 18, 2006
2:00 P.M.–4:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

Purpose
On Tuesday, July 18, 2006, at 2:00 p.m., the Space and Aeronautics Subcommittee

will hold the first of two hearings on NASA’s efforts to refocus and reshape its civil
aeronautics research and development program. The hearing will take testimony
from witnesses representing industry, academia, and the National Academies. At
the second hearing planned for September (date TBD), Dr. Lisa Porter, NASA Asso-
ciate Administrator for Aeronautics Research Mission Directorate, will testify.

Together, these hearings will review the results of two reports recently released
by the National Research Council (NRC) on NASA’s civil aeronautics R&D program.
The first, Aeronautics Innovation: NASA’s Challenges and Opportunities, published
in early May, provides recommendations on tools, techniques, and management
practices to facilitate and accelerate innovation in NASA’s aeronautics programs.
The second, Decadal Survey of Civil Aeronautics, published in early June, provides
a specific set of priority projects to be undertaken in the next 10 years. Over the
years, similar surveys in NASA’s science programs have been a significant factor in
setting program and budget priorities. The aeronautics decadal survey is the first
time such a comprehensive survey has been done on aeronautics.

The hearings will also help set the stage for the development of an overarching
national aeronautics policy, due to be released at the end of this year. Congress di-
rected the Administration, in last year’s NASA Authorization bill, to develop a na-
tional aeronautics policy to guide federal investments in aeronautics research be-
cause of concerns over the downward trend over the last decade in funding for
NASA’s aeronautics program and the changing goals and priorities.
Witnesses
Dr. Paul Kaminski is Chairman of the National Research Council’s Steering Com-
mittee that produced the Decadal Survey of Civil Aeronautics (released in June
2006). He is the Chairman and CEO of Technovation, Inc. and served as the Under
Secretary of Defense for Acquisition and Technology in the Clinton Administration.
Dr. Steven Merrill is Executive Director of the National Research Council’s Board
on Science, Technology, and Economic Policy. He managed the NRC Committee that
produced Aeronautics Innovation: NASA’s Challenges and Opportunities (released in
May 2006).
Dr. Michael Romanowski is Vice President for Civil Aviation, Aerospace Indus-
tries Association.
Dr. Parviz Moin is a Professor of Mechanical Engineering at Stanford University
and Director of the Institute for Computational and Mathematical Engineering, the
Center for Turbulence Research, and the ASCI Center for Integrated Turbulence
Simulations. He is a fellow of the American Physical Society.

Overarching Questions

1. What should the goals, strategies and activities be for NASA’s aeronautics
research and development program?

2. What should NASA be doing to ensure that its research is relevant to the
long-term needs of industry and is used by industry? What should NASA be
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doing to help keep the academic research enterprise healthy and to ensure
an adequate supply of aeronautics engineers and researchers?

Reshaping NASA’s Aeronautics Research Program
Early this year Dr. Lisa Porter, who was appointed as NASA’s Associate Adminis-

trator for Aeronautics Research Mission Directorate (ARMD) in October 2005, an-
nounced a major restructuring of the aeronautics research program. The new goals
are to re-establish ARMD’s core competencies in subsonic, supersonic and
hypersonic flight; to focus research in areas that are appropriate to ARMD’s unique
capabilities; and to directly address the fundamental research needs of the Next
Generation Air Transportation System (NGATS), a partnership with the Federal
Aviation Administration (FAA) and other agencies. Dr. Porter’s ‘‘back-to-basics’’ ap-
proach puts greater emphasis on fundamental research and less emphasis on tech-
nology demonstrations.

Prior to Dr. Porter’s arrival, ARMD had three major programs: Vehicle Systems;
Aviation Safety and Security; and Airspace Systems. Vehicle Systems was the larg-
est and included plans to pursue four major technology demonstration flight
projects: subsonic noise reduction; sonic boom reduction; zero emissions aircraft; and
a high-altitude, long-endurance unmanned air vehicle. All the demonstration
projects have been canceled.

Following the restructuring, Vehicle Systems was renamed Fundamental Aero-
nautics; Aviation Safety and Security was renamed Aviation Safety; and Airspace
Systems remained unchanged. A fourth program line, Aeronautics Test Program,
was established to ensure long-term stewardship of eleven NASA aeronautics test
facilities (wind tunnels and engine test stands) located at the Ames Research Cen-
ter, Langley Research Center, and Glenn Research Center, which are considered to
be critical national assets.
National Research Council Reports
Aeronautics Innovation: NASA’s Challenges and Opportunities

In mid-2004, NASA asked the National Academies’ Board on Science, Technology,
and Economic Policy (STEP) to recommend tools, techniques, and practices that
might facilitate and accelerate innovation in NASA’s aeronautics research program.
To carry out this task, the NRC created an ad hoc committee—known as the Com-
mittee on Innovation Models for Aeronautics Technologies—of academic experts in
technology management and public administration.

In carrying out their task, the committee said it was struck by the growing dis-
crepancy between the goals and objectives of NASA’s aeronautics research program
and the resources available to it. While the committee developed a roster of rec-
ommendations to improve management practices, it clearly indicated that the first
order of business should be to bridge the gap between the stated goals and budget
realities. Specifically, the report said:

The committee concluded that NASA’s aeronautics program faces an overriding
management challenge: a lack of national consensus about the Federal Govern-
ment’s role in civilian aviation generally and NASA’s role in aviation technology
development in particular. On the one hand, the community of industry, aca-
demic, and other stakeholders and experts support an expansive public research
and development program with NASA playing a lead role. On the other hand,
successive administrations and sessions of Congress have over the past seven
or eight years reduced NASA’s aeronautics budget without articulating how the
program should be scaled back. In these circumstances, NASA has tried to
maintain an expansive program by spreading diminishing resources across ex-
isting research establishments and many objectives and projects—too many to
ensure their effectiveness and the application of their results.

The committee made numerous recommendations, summarized below, regarding
technology transition planning, and personnel and financial management practices,
to improve innovation in the program. Some of the recommendations, such as estab-
lishing a national aeronautics policy, were already in progress at the time the report
was released.

Summary of Key Recommendations:

• Congress and the Executive Branch should engage in a dialogue on the goals
for civil aviation (i.e., establish a national aeronautics policy).

• NASA must translate the national aeronautics policy into a balanced portfolio
of programs that are in alignment with its resources.
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1 The NRC has written decadal surveys for NASA’s space sciences programs for more than
50 years. As the name implies, these studies are expected to be updated every ten years.

• NASA should set decision criteria to evaluate progress and force account-
ability to all involved.

• NASA should cultivate close relationships and regularly involve external part-
ners in all phases of an activity, including technology transition (hand-off).

• NASA should work aggressively to solidify its reputation as a trustworthy, re-
liable partner.

• NASA should implement more flexible personnel policies to increase collabo-
ration and innovative thinking.

• NASA should expand the use of prizes to offer high-profile aeronautics prizes
to generate increased participation and public interest.

• NASA should modify full-cost pricing policies for use of facilities, with costs
more closely aligned with marginal costs.

• NASA should explore the use of working capital fund structures, such as used
in the Defense Department, as well as funding pools and contingency ac-
counts to provide stability and flexibility.

A complete set of the report’s recommendations appears in the Appendix. A full
copy of the report appears at the website: http://darwin.nap.edu/books/
0309101883/html

Decadal Survey of Civil Aeronautics: Foundation for the Future
In 2005, NASA contracted with the NRC, under the auspices of the its Aero-

nautics and Space Engineering Board (ASEB), to develop a consensus document rep-
resenting the external (industry and academia) community’s views about what
NASA’s aeronautics research priorities ought to be. The effort was led by a Steering
Committee chaired by Dr. Paul Kaminski and had five panels, (Aerodynamics and
Aeroacoustics; Propulsion and Power; Materials and Structures; Dynamics, Naviga-
tion and Control, and Avionics; and Intelligent and Autonomous Systems), that drew
on a group of 85 aeronautics experts from academia and industry. This was the first
decadal survey ever produced for NASA’s aeronautics program.1 Their report was
released on June 5, 2006. A copy of their recommendations appears in the Appendix;
a copy of the full report can be found at: http://www.nap.edu/catalog/11664.html

Decadal surveys are designed to provide strategic guidance to NASA. With respect
to the space sciences programs, NASA has over the years relied heavily on survey
recommendations to shape the scope, content and timing of NASA’s missions.

The report lays out five key areas for research: aerodynamics and aeroacoustics;
propulsion and power; materials and structures; dynamics, navigation and control,
and avionics; and intelligent and autonomous systems, operations and decision-mak-
ing, human integrated systems, networking and communications. Under each of
those areas, the report lays out a prioritized list of ‘‘challenges’’ to address—51 in
all. The report also lays out five ‘‘themes’’ that cut across all the research areas.

Summary of Key Recommendations (complete list is in the Appendix):

• NASA should use the 51 Challenges as the foundation for its aeronautics re-
search program over the next decade.

• A high priority should be placed on establishing and maintaining a stable aer-
onautics research program.

• NASA should use the five Common Themes (see Appendix for details) to
make the most efficient use of research funding.

• NASA should support research to develop practical certification standards for
new technologies.

• The U.S. Government should align organizations and develop techniques to
improve change management to assure a safe and cost-effective transition to
the air transportation system of the future.

• NASA should ensure that it involves universities and industry in its plan-
ning, and develop a more balanced funding allocation between ‘‘in-house’’ and
external organizations.

• NASA should consult with non-NASA stakeholders, such as in the Defense
Department and FAA, on the most effective use of facilities and tools applica-
ble to aeronautics research.
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• The U.S. Government should conduct a high-level review of organizational op-
tions for ensuring U.S. leadership in civil aeronautics.

Key Issues

What goals for aeronautics research are realistic given the projected budg-
et? For the last several years NASA’s budget for the Aeronautics Research Mission
Directorate (ARMD) has been declining both in dollars, and as a fraction of NASA’s
overall budget. Specifically, in FY04 NASA’s budget for aeronautics was over $1 bil-
lion. NASA’s aeronautics budget for FY06 was $884 million, and NASA’s request for
FY07 is $724 million. (The House-passed appropriation for FY07 provides an addi-
tional $100 million above that.) If this year’s request is enacted, NASA’s aeronautics
budget will have sustained a 32 percent cut in three years, even though NASA’s
budget as a whole will have increased by nine percent over the same period. While
ARMD’s budget is projected to be flat over the next five years, it’s burdened with
a disproportionate share of infrastructure costs (e.g., wind tunnels and test stands).
At issue is how many of the Decadal Survey’s recommendations can NASA realisti-
cally accomplish? What is the appropriate balance between goals and budget?

Does NASA’s research portfolio strike the right balance between basic re-
search and work that may be of more direct and immediate relevance to
industry? In the past year, NASA has reoriented its portfolio more toward funda-
mental research, arguing that that is an appropriate federal role and that the re-
sults of such research will increase knowledge in a way that will allow significant
advances in aviation. But the NRC’s Aeronautics Innovation study argued that
NASA should pursue a limited number of research projects to a high enough tech-
nology maturity level so that industry would be willing to adopt the technology.
Otherwise, it said, NASA may in time lose its relevance to industry.

Should NASA implement the priorities of the Decadal Survey of Civil Aero-
nautics? NASA is still putting together specific project plans to carry out its re-
search agenda. The Decadal Survey provides technical objectives and milestones for
each of the 51 ‘‘Challenges,’’ but without a similar level of detail on NASA’s plans
it is difficult to compare the two. One point of the hearing, and the follow-up hear-
ing with NASA in the fall, will be to get both NASA and the Academy panel to pro-
vide more details and an assessment of their respective research agendas so they
can be compared and evaluated.

Has NASA struck the appropriate balance between in-house work and ex-
ternal work? The NRC Decadal Survey states that NASA must create a more bal-
anced split in the allocation of funding between in-house research performed by
NASA engineers and external research performed by industry and academia.
NASA’s budget documents appear to allocate 93 percent of funds for in-house work
and seven percent for external work. However, NASA argues this breakout is closer
to 75 percent in-house and 25 percent external. This is because NASA’s numbers
include funds for service contracts that are not focused on research.

FY07 Aeronautics Budget Highlights
For FY06, ARMD’s appropriated budget is $884.1 million. NASA is proposing in

FY07 to spend $724.4 million on aeronautics, a cut of $160 million from this year
(an 18 percent reduction).

ARMD’s four programs are listed in the table below. Airspace Systems supports
the Joint Planning and Development Office’s (JPDO) efforts to develop and deploy
the Next Generation Air Transportation System (NGATS). (The Subcommittee held
a hearing on the JPDO earlier this year.) The Aeronautics Test Program is new for
FY07 and pays a portion of maintenance and operational costs for 11 nationally im-
portant wind-tunnel test facilities owned by NASA.
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ARMD carries a disproportionate share of the agency’s personnel and infrastruc-
ture costs, largely due to the agency’s investment in test facilities at NASA’s three
aeronautics research centers: Langley Research Center (VA); Glenn Research Center
(OH); and Dryden Flight Research Center (CA). In addition, ARMD employs 23 per-
cent of the agency’s workforce.
Aviation Safety

Prior to the reorganization early this year, this program was called ‘‘Aviation
Safety and Security.’’ NASA determined that security issues were not its responsi-
bility (it resides within the Department of Homeland Security), thus that portion
of its research portfolio has been transferred or dropped.

The Aviation Safety program’s goal is improving the safety of current and future
aircraft operating in our nation’s airspace. The research focus is on the way aircraft
are designed, built, operated, and maintained. Projects include Integrated Vehicle
Health Management; Integrated Intelligent Flight Deck; Integrated Resilient Air-
craft Control; and Aircraft Aging and Durability. For FY07, ARMD is proposing to
spend $102 million, a 31 percent reduction compared to this year’s $148 million ap-
propriation.
Airspace Systems

The goal of the Airspace Systems program is to research and develop tools and
operational concepts to make our nation’s Air Traffic Management system safer,
more efficient and secure, and capable of handling larger numbers of aircraft. Air-
space Systems performs long-term R&D research for the Federal Aviation Adminis-
tration. Following creation of the JPDO—as required by Congress in the Vision 100
legislation, now Public Law 108–176—Airspace Systems was aligned to support the
work of the JPDO to design and deploy the Next Generation Air Transportation Sys-
tem. For FY07, ARMD is proposing to spend $120 million, a 31 percent reduction
compared to this year’s $174 million appropriation.
Fundamental Aeronautics

For FY07 NASA proposed a reorganization, a reduction in funding, restoration of
hypersonics and rotorcraft research, and a renaming of the program. ARMD is pro-
posing to spend $447.2 million, a 20 percent reduction compared to this year’s
$561.7 million appropriation.

The goal of Fundamental Aeronautics is to provide long-term investment in re-
search to support and sustain expert competency in core areas of aeronautics tech-
nology. Four research thrusts have been established: Hypersonics; Subsonic—Rotary
Wing; Subsonic—Fixed Wing; and Supersonics. To achieve these goals, ARMD plans
to focus on advanced tools such as new computational- and physics-based software
modeling and simulation programs and capabilities that will enable whole new
classes of aircraft that not only meet the noise and emissions requirements of the
future, but also provide fast and efficient flight.
Aeronautics Test Program

The Aeronautics Test Program (ATP) is new and part of a larger NASA program
called Shared Capabilities Asset Program (S–CAP). ATP’s purpose is to ensure the
strategic availability of a minimum, critical suite of wind tunnels/ground test facili-
ties which are necessary to meet the mission of ARMD, NASA, and national needs.
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2 Airbus began over 30 years ago as a government-created and owned entity with direct invest-
ment by the British, French, Spanish, and German governments. It has since been spun off as
a private company owned by EADS and BAE systems, both European based conglomerates.

ATP funds a portion of the fixed operating costs of eleven wind tunnels/ground test
facilities at Ames Research Center, Langley Research Center, and Glenn Research
Center.

The RAND Corporation conducted a study for NASA that recommended that
NASA ensure the continued operation of 29 of its 31 wind tunnels. RAND estimated
the annual operating cost of all 31 tunnels to be $125–$130 million and concluded
that while some of the tunnels were not being utilized at a high rate, they offered
capabilities that could be needed in the future and would be hard to replicate if shut
down. ATP is NASA’s response to these concerns.

Last year’s NASA Authorization bill included a provision directing the Office of
Science and Technology Policy to report to Congress on the Nation’s long-term stra-
tegic needs for aeronautics test facilities. It also bars NASA from closing any of its
test facilities until the report is delivered, and requires the NASA Administrator to
certify to Congress that proposed closures will have no adverse impact. The report
has not yet been delivered.

For FY07, NASA is proposing a budget of $55 million for ATP. This figure does
not represent all of NASA’s investment in wind tunnels/ground test facilities, but
only for 11 tunnels deemed to be under-utilized and of critical national importance.
National Aeronautics Policy

The NASA Authorization Bill included a provision directing the President to de-
velop a national policy to guide federal aeronautics research and development
through 2020. The bill specified that the policy include national goals for aero-
nautics R&D and describe the roles and responsibilities for each federal agency that
will carry it out. The policy is due at the end of this calendar year.

NASA and the White House Office of Science and Technology Policy, working
through the National Science and Technology Council, are leading the policy’s devel-
opment.
Background
NASA’s Aeronautics Research

NASA’s roots in aeronautics research reach back almost 90 years—to 1917—when
the National Advisory Committee on Aeronautics was formed. Responding to the
launch of Sputnik almost 40 years later, in 1958 Congress passed legislation chang-
ing the agency’s name to the National Aeronautics and Space Administration and
broadening its mission to include human space flight and space exploration.

NASA-developed technology is found in virtually every airplane flying today. Ex-
amples include the high-bypass turbine engine that provides much greater fuel effi-
ciency and lower noise emissions than original 1960’s-era jet engines; ‘‘fly-by-wire’’
control systems that use computers and wires instead of heavy, maintenance-inten-
sive hydraulics systems to control an airplane’s rudder and wing flaps; flight man-
agement systems such as the ‘‘black boxes’’ that continuously monitor an aircraft’s
engines, speed, location, and other critical parameters; and advanced composites
made out of materials such as graphite and epoxy that can be used to replace heav-
ier and more maintenance-intensive aluminum alloy structures. The Boeing 787,
now under development, will be the first large civil aircraft to use composite mate-
rials in its fuselage.
The U.S. Aircraft Industry

The domestic aeronautics industry has changed substantially over the last ten to
fifteen years through consolidations. Today there is only one manufacturer of large
civil aircraft, Boeing, and just two turbine engine manufacturers for large civil air-
craft, General Electric and Pratt & Whitney. The U.S. has no domestic regional jet
manufacturers, the fastest growing segment in civil aviation; most are made in Can-
ada and Brazil. The business jet and general aviation aircraft industry have a good
number of domestic producers.

Boeing is this country’s largest exporter of manufactured products (based on dol-
lar value), and draws on thousands of suppliers whose products are found in each
jet. Airbus,2 a European company, had overtaken Boeing in sales earlier this dec-
ade, but Boeing has since regained the lead, and Airbus has fallen behind schedule
in producing its new A380 aircraft, a ‘‘super jumbo’’ that would be the world’s larg-
est passenger-carrying aircraft (it can seat over 800 in a single-class layout). The
A380’s first commercial delivery is now scheduled for late this year.
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3 The National Institute of Aerospace is a non-profit research and graduate education institute
created to conduct leading-edge aerospace and atmospheric research. It was formed by a consor-
tium of research universities and is located at the Langley Research Center.

Earlier this decade, the European Union (EU) identified aeronautics as part of a
continent-wide industrial strategy. The EU produced a research program document,
‘‘Aeronautics 2020,’’ that explicitly stated the objective of having Europe become the
world’s leading supplier of aeronautics goods and services and achieving parity with
Boeing. The EU also has set a goal of taking a leadership role designing and pro-
ducing the next generation air traffic management services.
National Institute of Aerospace

In April 2005, the National Institute of Aerospace3 produced a report titled Re-
sponding to the Call: Aviation Plan for American Leadership that included an ex-
haustive list of research projects and activities that should be pursued by NASA if
our government were intent on revitalizing the capabilities and products of the U.S.
aerospace industry. The report recommended that ARMD’s budget be increased by
an average of $885 million over each of the next five years to support their research
agenda. A copy of the full report can be found at: http://www.nianet.org/nianews/
AviationPlan.php
Witness Questions

In their letters of invitation, the witnesses were asked to address the following
questions:
Dr. Paul Kaminski, National Research Council (ASEB)

Please briefly describe the results of the Decadal Survey and answer the following
questions:

1. How would you assess the Aeronautics Research Mission Directorate’s
(ARMD) program goals and strategies? Given the resources currently allo-
cated to it, is ARMD properly structured, and is it pursuing the right lines
of research? Is the balance between in-house and out-of-house research ap-
propriate?

2. Of the 51 research and technology challenges identified in the report, what
do you consider to be the top three and why?

Dr. Steven Merrill, National Research Council (STEP)
Please briefly describe the conclusions and recommendations of your report and

address the following questions:
1. How would you assess the Aeronautics Research Mission Directorate’s

(ARMD) program goals and strategies? Is NASA’s emphasis on foundational
research appropriate? Given the resources currently allocated to it, is ARMD
properly structured, and is it pursuing the right lines of research?

2. In a constrained budget environment, how should NASA best balance: (1) re-
search conducted in-house versus contracting with outside entities; and (2)
near-term research versus research for long-term, high-risk technologies?
How can NASA preserve a federal cadre of aeronautics experts and capabili-
ties while also collaborating with academia and industry?

Dr. Michael Romanowski, Vice President, Aerospace Industries Association

1. How would you assess the Aeronautics Research Mission Directorate’s pro-
gram goals and strategies? Is NASA’s emphasis on foundational research ap-
propriate? Given the resources currently allocated to it, is ARMD properly
structured, and is it pursuing the right lines of research?

2. What should NASA be doing to ensure that its research is relevant to the
long-term needs of industry and is used by industry? What should NASA be
doing to help keep the academic research enterprise healthy and to ensure
an adequate supply of aeronautics engineers and researchers?

3. What is your reaction to the conclusions and recommendations of the
Decadal Survey?

Dr. Parviz Moin, Professor of Mechanical Engineering, Stanford University

1. How would you assess the Aeronautics Research Mission Directorate’s
(ARMD) program goals and strategies? Is NASA’s emphasis on foundational
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research appropriate? Given the resources currently allocated to it, is ARMD
properly structured, and is it pursuing the right lines of research?

2. What are the major technological and competitive challenges facing the civil
aeronautics industry over the next ten to fifteen years, and how well does
the Aeronautics Research Mission Directorate’s program attempt to address
them?

3. What advantages can be gained by having NASA increase its emphasis on
computational- and physics-based modeling? Why should NASA be pursuing
this technology? Does NASA have the workforce and facilities to conduct this
research?

4. What has been the experience, of late, with respect universities recruiting
students into post-graduate aeronautics-related research programs?
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Appendix A

Aeronautics Innovation: NASA’s Challenges and
Opportunities

NATIONAL RESEARCH COUNCIL—BOARD ON SCIENCE, TECHNOLOGY, AND ECONOMIC
POLICY

PUBLISHED MAY 2006

Report Website: http://darwin.nap.edu/books/0309101883/html
Recommendations
Recommendation 1: Congress and the executive branch should engage in a dialogue
to articulate national goals in civil aviation and the corresponding public sector
roles. The government’s role is likely to differ among (1) pursuit of fundamental un-
derstanding and yielding scientific and engineering results available to all; (2) pur-
suit of quasi-public goods such as safety, efficient management, and environmental
enhancements; (3) development of improved commercial and general aviation air-
craft that are successful in domestic and international markets; and (4) development
of advanced aeronautics technologies for which there are currently no providers in
prospect. The traditional market failure rationale for government intervention var-
ies considerably among these categories and even within a category over time (de-
pending, for example, on the degree of private competition).
Recommendation 2: ARMD’s first order of business in promoting aeronautics innova-
tion is to translate a national aeronautics policy into a strategic or mission focus
that is in better alignment with the resources available to it—its budget, its per-
sonnel, and its technical capabilities. This, in turn, should lead to a prioritization
of programs and projects involving the research centers, external grantees, and con-
tractors. Clearly, the result may be a reduced mission scope and portfolio but one
with greater impact on innovation in air transportation.
Recommendation 3–A: Conceive of R&D activities as a cohesive and strategically
balanced portfolio of projects and competencies closely aligned with mission and
stakeholder needs.
Recommendation 3–B: Graphical illustrations of the portfolio are particularly useful
tools for fostering communication and discussion and identifying and resolving dis-
agreements, both internally among managers and in engaging external stakeholders
and customers.
Recommendation 3–C: Use decision processes, sometimes referred to as decision gate
processes, at predetermined points to establish common expectations among cus-
tomers, leaders, and the technical team throughout the development process, to clar-
ify goals, schedules, deliverables, concrete target performance metrics, and review
templates and to set decision criteria and force accountability of all constituents in-
volved.
Recommendation 3–D: Pursue a portfolio ‘‘balanced between near-term needs, driven
by market forces, and longer-term investments required to achieve transformational
national capabilities.’’
Recommendation 3–E: NASA should continue to undertake core competency reviews
and explicitly include aeronautics among the highest priority core competencies.
Within aeronautics, the ranking of competencies should take into account world
leadership in technology, public additive value, and skills enabling partnerships and
transitioning processes.
Recommendation 4–A: ARMD should implement and explicitly regularize for all
projects organization-wide series of management tools aimed at fostering technology
transition to users.
Recommendation 4–B: ARMD should cultivate close relationships with external
partners, engaging them very early in jointly conceptualizing, planning, and
prioritizing all R&D activities and sustaining regular involvement through the im-
plementation phase.
Recommendation 4–C: ARMD should work aggressively to solidify its reputation as
a trustworthy, reliable partner.
Recommendation 4–D: JPDO may be a model for future ARMD technology manage-
ment decision-making through close external collaboration, with joint recommenda-
tions guiding ARMD portfolio planning.
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Recommendation 4–E: Documented planning for technology transition (hand-off) to
external stakeholders should be a universal managerial practice for all ARMD R&D
projects and integral to the portfolio planning and prioritizing process.
Recommendation 4–F: The variety of technologies and the diversity of stakeholder
capabilities require increased ARMD flexibility and variability with regard to project
time horizons and technology readiness levels.
Recommendation 5–A: ARMD should implement more flexible personnel practices,
increase incentives for creativity, and actively manage existing constraints on staff-
ing decision-making to minimize their innovation-inhibiting effects.
Recommendation 5–B: ARMD should increase rotation and seconding of personnel
to and from its several research centers and its external partners as tools for en-
hancing staffing and competency flexibility, fostering the early engagement of part-
ners, and facilitating technology transfer.
Recommendation 5–C: NASA should foster external customer contact early in and
throughout the careers of ARMD technical personnel.
Recommendation 5–D: ARMD should pilot test a dual track, pay-for-performance
program similar to that in place at the Air Force Research Laboratory.
Recommendation 5–E: ARMD should allow R&D personnel some fraction of their
time for free thinking and encourage its use by organizing regular employee idea
fairs that attract external stakeholders.
Recommendation 5–F: NASA should expand its Centennial Challenges program to
offer high-profile aeronautics prizes of a magnitude sufficient to generate consider-
able participation and public attention.
Recommendation 6–A: NASA should modify full-cost pricing for ARMD facilities use,
with charges more closely aligned with marginal costs.
Recommendation 6–B: ARMD should work with OMB and Congress to establish sep-
arate centrally funded budget lines for national infrastructure and facilities man-
agement.
Recommendation 6–C: Because midstream changes are the nature of leading edge
R&D, ARMD should achieve greater budget and milestone flexibility through cen-
trally funded pools and contingency accounts.
Recommendation 6–D: ARMD should explore establishing Working Capital Fund
structures for wind tunnels and aeronautics R&D services.
Recommendation 6–E: ARMD should negotiate with congressional sponsors and ear-
mark recipients to align mandated activities better with established programs and
should assign the projects to a separate budget account and management area.
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Chairman CALVERT. The hearing will please come to order.
This afternoon, I want to thank our distinguished panel for ap-

pearing before our subcommittee to share their insights and rec-
ommendations on NASA’s research program. Before getting into
the substance of my statement, I want to thank our witnesses for
their patience, as we wrestle with today’s conflicting schedules, and
lead today’s hearing. I apologize for the last minute postponement
in June. I thank all of you for your willingness to appear today.
One schedule conflict we are unable to resolve was getting a NASA
witness. Consequently, to ensure all sides are heard, we plan to
hold a second hearing in September, featuring that witness.

According to reports by the Aerospace Industries Association, the
United States exported more than $67 billion in military and civil
aerospace products in 2005. The Aerospace industry is a vital force
behind our nation’s economic engine, and contributes significantly
to our balance of trade. Because our negative balance of trade was
at an all time high at the end of 2005, this figure takes on even
more importance. Boeing alone is the country’s largest exporter of
manufactured products, and draws on thousands of suppliers
whose products are found on each jet.

The European Union has identified the importance of Aero-
nautics in its Aeronautics 2020 plan to become the world’s leading
supplier of aviation products. We in the United States must focus
our economic strengths, and invest in high technology sectors to
maintain our global leadership. It is important to realize that
NASA developed technology can be found in virtually every air-
plane flying today. The return on the original investment has been
tremendous.

With that as a background, NASA’s aeronautics program has, in
recent years, been prone to changes in leadership and program
goals and strategies. There have been four Associate Administra-
tors for Aeronautics Research during the last six years, and each
has sought to reshape the program. An inadvertent but undeniable
consequence of these changes has been the appearance that the
agency has no clear strategic vision, and in the budget constrained
environment that all of us must wrestle with, White House and
Congressional support for aeronautics R&D has been waning.

Earlier this spring, two reports were issued by the National Re-
search Council that focused on NASA’s aeronautics program. One
recommended management changes that the agency should con-
sider adopting to ensure maximum science return, especially when
dealing with smaller budgets. The second report was the NRC’s
first ten year plan recommending, in a priority fashion, the kinds
of research NASA ought to pursue. Eighty-five aeronautics experts
from academia, industry, and federal labs met and worked over a
one year period to develop this consensus document. It is my hope
that NASA will take it to heart. Other parts of NASA have used
similar ten year planning documents with great success, and I see
no reason why aeronautics cannot do the same.

The current Associate Administrator for aeronautics research,
Dr. Lisa Porter, who has been serving in her position for about
nine months, has done an admirable job of restructuring the pro-
gram under very difficult circumstances. She has been very clear
about her intent to refocus and strengthen the fundamental aero-

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00025 Fmt 6633 Sfmt 6601 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



16

nautics research at the agency, as well as develop a broad, coopera-
tive research program with industry. Dr. Porter has committed
NASA to work as a full partner with other federal departments and
agencies in committing the necessary resources to the Joint Plan-
ning and Development Office as it strives to design and implement
the Next Generation Air Traffic Management System, and for this,
I commend her.

My thanks again to our witnesses and their appearance today. I
would now like to recognize my friend and the gentleman from Col-
orado, Mr. Udall, for his opening statement.

[The prepared statement of Chairman Calvert follows:]

PREPARED STATEMENT OF CHAIRMAN KEN CALVERT

This afternoon I want to thank our distinguished panel for appearing before our
subcommittee to share their insights and recommendations on NASA’s aeronautics
research program. But before getting into the substance of my statement, I want
to thank our witnesses for their patience as we wrestled with conflicting schedules
that led to today’s hearing. I apologize for the last minute postponement in June,
and thank all of you for your willingness to appear today. One schedule conflict we
were unable to resolve was getting a NASA witness; consequently, to ensure that
all sides are heard, we plan to hold a second hearing in September featuring a
NASA witness.

According to reports by the Aerospace Industries Association, the United States
exported more than $67 billion in military and civil aerospace products in 2005. The
aerospace industry is a vital force behind our nation’s economic engine and contrib-
utes significantly to our balance of trade. Because our negative balance of trade was
at an all time high at the end of 2005, this figure takes on even more importance.
Boeing alone is this country’s largest exporter of manufactured products and draws
on thousands of suppliers whose products are found on each jet.

The European Union has identified the importance of aeronautics in its ‘‘Aero-
nautics 2020’’ plan to become the world’s leading supplier of aviation products. We,
in the United States, must focus on our economic strengths and invest in high tech-
nology sectors to maintain global leadership. It is important to realize that NASA-
developed technology can be found in virtually every airplane flying today. The re-
turn on the original investment has been tremendous!

With that as background, NASA’s aeronautics program has, in recent years, been
prone to changes in leadership and in program goals and strategies. There have
been four Associate Administrators for Aeronautics Research during the last six
years and each has sought to reshape the program. An inadvertent, but undeniable
consequence of these changes has been the appearance that the agency has no clear
strategic vision, and in the budget constrained environment that all of us must
wrestle with, White House and Congressional support for aeronautics R&D has been
waning.

Earlier this spring two reports were issued by the National Research Council
(NRC) that focused on NASA’s aeronautics program. One recommended manage-
ment changes that the agency should consider adopting to ensure maximum science
return, especially when dealing with smaller budgets. The second report was the
NRC’s first ten-year plan recommending, in a priority fashion, the kinds of research
NASA ought to pursue. Eighty-five aeronautics experts from academia, industry and
federal labs met and worked over a one-year period to develop this consensus docu-
ment, and it is my hope NASA will take it to heart. Other parts of NASA have used
similar ten-year planning documents with great success, and I see no reason why
aeronautics cannot do the same.

The current Associate Administrator for Aeronautics Research, Dr. Lisa Porter,
who’s been serving in her position for about nine months, has, I believe, done an
admirable job restructuring the program under very difficult circumstances. She has
been very clear about her intent to refocus and strengthen fundamental aeronautics
research at the agency, as well as develop a broad cooperative research program
with industry. Dr. Porter has also committed NASA to work as a full partner with
other federal departments and agencies in committing the necessary resources to
the Joint Planning and Development Office as it strives to design and implement
the next generation air traffic management system, and for this I commend her.

My thanks again to our witnesses for their appearance today. I now recognize the
gentleman from Colorado, Mr. Udall, for his opening statement.

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00026 Fmt 6633 Sfmt 6621 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



17

Mr. UDALL. I thank the Chairman for yielding. It is great to see
Congressman Kucinich and Congresswoman Davis here. We look
forward to your testimony.

I think much of my comments are similar to what the Chairman,
his remarks focused on. I think we both care deeply about the fu-
ture of aeronautics in America. Our capability and our accomplish-
ments have long been the envy of the world, and while there is a
legitimate concern in some quarters about the competitive threat
posed by the European Union, I think that there is a somewhat dif-
ferent perspective you can bring to this situation.

Without minimizing the importance of ensuring that America’s
aviation industry remains a world leader, I would submit that we
should be investing in aeronautics R&D whether or not there was
an imminent challenge from Europe or elsewhere.

It is clear that progress in aeronautics is important for reasons
beyond simply helping our international trade balance. R&D in
aeronautics can enable advances in the capability of America’s air
transportation system to handle the enormous increases in air
travel projected over the next twenty years.

Mr. Chairman, I was just meeting with the DIA leadership team,
Denver International Airport, and they had a goal of 2018, I think,
about 50 million passengers, and they are telling me they are going
to reach that goal, if it is a goal now, in the next 18 to 24 months,
as an example.

The R&D efforts can also enable more environmentally compat-
ible aircraft with significantly lower noise emissions and energy
consumption relative to aircraft in service today. And this would
not only improve our quality of life, but open new markets.

And finally, Aeronautics R&D can lead to new concepts for pro-
tecting our nation. However, all of these possibilities can’t be real-
ized unless we are making the investments, and I don’t believe we
are making enough of an investment in R&D.

There was a funding decline of 32 percent between fiscal year
2004 and fiscal year 2007, and there is no improvement in that sit-
uation envisioned over the next five years. And similarly, NASA’s
funding commitment to research on the Next Generation Air
Transportation System will be cut in half over the next five years.

One of our witnesses, Dr. Kaminski, warned in the preface to the
National Academies’ Decadal Survey: ‘‘This budgetary trend will
make it increasingly difficult for NASA to build a solid foundation
for the future.’’ Or to use a word uttered by a previous witness be-
fore this committee, it puts NASA’s aeronautics program on a path
to being irrelevant if not corrected.

And this would be unfortunate, because the Decadal Survey
makes it clear that there are research challenges to be overcome
if we are to achieve the objectives that I mentioned earlier.

I do want to compliment Dr. Kaminski and the Academies’ Aero-
nautics and Space Engineering Board for producing a thoughtful
and comprehensive strategy for federal, and in particular, NASA
research in civil aeronautics. And I am particularly impressed with
the wide range of experts that were involved.

And I hope that our friends at NASA will give serious consider-
ation to your recommendations, and will continue to seek the Acad-
emies’ independent advice on these issues, and I also hope that
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NASA, and I guess I would say I expect that NASA will move to
engage industry and other universities in a meaningful fashion, be-
cause we need that kind of collaboration.

But if we don’t reverse this budgetary decline that NASA’s aero-
nautics program is undergoing, we are not going to have the robust
and vital R&D program that we need and the report envisions.

If the NASA witness were here today, I suspect that the witness
would argue that NASA needs to get back to basics and focus on
fundamental research in aeronautics. Those days, Mr.——

Chairman CALVERT. Lisa is calling you, too.
Mr. UDALL. I just—I hope she is going to listen.
I would suspect that all of our witnesses would agree with the

NASA witness that basic research is essential for underpinning
NASA’s efforts, and that there has to be a vigorous program of
basic aeronautical research.

But the clear message I take away from the two Academy re-
ports, as well as from the testimony of the Aerospace Industries
Association, is that while such basic research is necessary, it is
clearly not sufficient, if we want to make real progress.

Yet, I see little in NASA’s plans that would lead me to believe
that NASA is prepared to fund any significant amount of research
involving more advanced technological development. Indeed, the
opposite appears to be the case. We hear that NASA would like to
get rid of its flight research aircraft, and is considering eliminating
a number of the aeronautics simulators.

I hope I am wrong, because such direction would run counter to
the Aeronautics R&D policy spelled out in the NASA Authorization
Act of 2005.

I would just like to quote section 411, Mr. Chairman, of that Act.
‘‘Congress reaffirms the national commitment to aeronautics re-
search made in the National Aeronautics and Space Act of 1958.
Aeronautics research and development remains a core mission of
NASA. Further, the government of the United States shall promote
aeronautics research and development that will expand the capac-
ity, ensure the safety, and increase the efficiency of the Nation’s air
transportation system, promote the security of the Nation, protect
the environment, and retain the leadership of the United States in
global aviation.’’

I hope the individuals in the executive branch tasked with devel-
oping a White House aeronautics policy will take those words to
heart. We need to ensure that any national policy on aeronautics
R&D that emerges properly recognizes the importance of investing
in R&D that not only advances our fundamental knowledge, but
also is relevant to the needs of our society.

And it should be self-evident that an aeronautics R&D policy
statement promulgated by the Administration that is not followed
by a commitment of the resources commensurate with the national
needs in aeronautics will be a hollow policy indeed.

Mr. Chairman, thank you. I know we have got a lot to discuss
today. Again, I welcome my two colleagues. I yield back whatever
time I have remaining, which is probably nothing.

Thank you.
[The prepared statement of Mr. Udall follows:]
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PREPARED STATEMENT OF REPRESENTATIVE MARK UDALL

Good afternoon. I’d like to join the Chairman in welcoming our witnesses to to-
day’s hearing. We have a distinguished group of experts appearing before us, and
I look forward to hearing their testimony.

It is no secret that I care deeply about the future of aeronautics in America. Our
aeronautics research capability and accomplishments have long been the envy of the
world.

While there is legitimate concern in some quarters about the competitive threat
posed by the European Union’s plans for a significant and sustained thrust in aero-
nautics research, I have a somewhat different perspective.

Without minimizing the importance of ensuring that America’s aviation industry
remains a world leader, I would submit that we should be investing in aeronautics
R&D whether or not there was an imminent competitiveness challenge from Europe
or elsewhere.

It’s clear that progress in aeronautics is important for reasons beyond simply
helping our international trade balance. Aeronautics R&D can enable advances in
the capability of America’s air transportation system to handle the enormous in-
creases in air travel projected over the next twenty years.

Aeronautics R&D can also enable more environmentally compatible aircraft, with
significantly lower noise, emissions, and energy consumption relative to aircraft in
commercial service today. Such new aircraft would not only improve our quality of
life but would also open new markets. Finally, aeronautics R&D can lead to new
concepts for protecting our nation.

However, all of these good things will only be possible if we are committed to
making the investments in R&D that are necessary for achieving our research goals.
The unfortunate reality is that America is not investing enough in such R&D.

Indeed, the Administration’s budget plan for NASA’s aeronautics program would
have aeronautics funding decline by 32 percent between FY 2004 and FY 2007—
with no improvement in that situation envisioned over the next five years. Simi-
larly, NASA’s funding commitment to research on the next generation air transpor-
tation system would be cut in half over the next five years.

As one of our witnesses, Dr. Kaminski, warned in the preface to the National
Academies’ Decadal Survey of Aeronautics: ‘‘This budgetary trend will make it in-
creasingly difficult for NASA to build a solid foundation for the future.’’ Or to use
a word uttered by a previous witness before this Committee, it puts NASA’s aero-
nautics program on a path to being ‘‘irrelevant’’ if not corrected.

That would be unfortunate, because the Decadal Survey makes it clear that there
are a host of research challenges to be overcome if we are to achieve the objectives
I mentioned earlier.

Indeed, I want to compliment Dr. Kaminski and the Academies’ Aeronautics and
Space Engineering Board for producing a thoughtful and comprehensive decadal
strategy for federal—and in particular NASA—research in civil aeronautics over the
next decade. I am particularly impressed with the wide range of experts you in-
volved—an inclusiveness that gives the results of your effort a great deal of credi-
bility in my eyes.

I would hope that our friends at NASA will give serious consideration to your rec-
ommendations and will continue to seek the Academies’ independent advice on these
issues—as we in Congress intend to do.

I also hope and expect that NASA will move to engage industry and our univer-
sities in a meaningful and sustained fashion—we need such collaboration if we are
going to achieve our goals in aeronautics.

However, unless we also reverse the budgetary decline that NASA’s aeronautics
program is undergoing, we are not going to have the robust and vital R&D program
that we need—and that your report envisions.

Basically, the declining budgets for NASA’s aeronautics program mean that there
is little money available for a robust R&D program that involves government, indus-
try, and academia in both basic research and more advanced technology develop-
ment and demonstration.

If a NASA witness were here today, I suspect that that witness would argue that
NASA needs to ‘‘get back to basics’’ and focus on fundamental research in aero-
nautics—that such research has been neglected at NASA.

I suspect that all of our witnesses would agree with the NASA witness that basic
research is an essential underpinning for NASA’s efforts in aeronautics—there has
to be a vigorous program of basic aeronautical research at NASA.

However, the clear message I take away from the two Academy reports, as well
as from the testimony of the Aerospace Industries Association, is that while such
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basic research is necessary, it is clearly not sufficient if we want to make real
progress in meeting national needs with our aeronautics program.

Yet I see little in NASA’s plans that would lead me to believe that NASA is pre-
pared to fund any significant amount of research involving more advanced techno-
logical development and demonstration efforts. Indeed, the opposite appears to be
case—we hear that NASA would like to get rid of its flight research aircraft and
is considering eliminating a number of its aeronautics simulators.

I hope I am wrong, because such a direction would run counter to the aeronautics
R&D policy spelled out in the NASA Authorization Act of 2005.

To quote Sec. 411 of that Act: ‘‘Congress reaffirms the national commitment to aer-
onautics research made in the National Aeronautics and Space Act of 1958. Aero-
nautics research and development remains a core mission of NASA. Further, the gov-
ernment of the United States shall promote aeronautics research and development
that will expand the capacity, ensure the safety, and increase the efficiency of the Na-
tion’s air transportation system, promote the security of the Nation, protect the envi-
ronment, and retain the leadership of the United States in global aviation.’’

I would hope that the individuals in the Executive branch tasked with developing
a White House aeronautics policy statement will take those words to heart. We need
to ensure that any national policy on aeronautics R&D that emerges properly recog-
nizes the importance of investing in R&D that not only advances our fundamental
knowledge, but also is relevant to the needs of our society.

And it should be self-evident that an aeronautics R&D policy statement promul-
gated by the Administration that is not followed by a commitment of resources com-
mensurate with the national needs in aeronautics will be a hollow policy indeed.

Mr. Chairman, we have a great deal to discuss today. I again want to welcome
our witnesses, and I look forward to their testimony.

Chairman CALVERT. That is correct. But we thank the gen-
tleman.

I want to also thank our two witnesses for being here today, and
certainly, to express their knowledge and passion for aeronautics.
Jo Ann, it is great to have you here and in good health. Fantastic.

If you would let Dennis start off, normally, he has a short state-
ment, and then, he is going to submit the balance of his statement
for the record. He has another hearing. So, with that, Mr.
Kucinich, you are recognized.

Mr. KUCINICH. I thank my colleague, not only for her indulgence,
but for the teamwork that we have been able to do on aeronautics
over the last few years, and I certainly want to salute the chair for
his leadership, and Congress, in aeronautics. Have been tremen-
dously supportive, as have, has the Ranking Members and all
Members of the Committee.

Just a few points, and I am, as you know, I am on my way to
another committee meeting, on which I am Ranking Member, and
I appreciate this opportunity to make a few points.

First of all, that we all understand and agree that NASA’s role
in aeronautics is fundamental, that NASA’s aeronautics programs
contribute substantially to the Nation’s economy, that civil aero-
nautics is also a major contributor to this sector’s positive balance
of trade, contributing $29 billion in 2005 alone, that our NASA
workforce is the reason for our aeronautics dominance, and I know
that this committee and this Congress have spoken unequivocally
in the past few years by keeping aeronautics strong and the NASA
authorization and appropriation bills.

Earlier this year, I attempted to offer a bipartisan amendment
to increase funding for aeronautics in the budget resolution by
$179 million, which would have left funding flat for fiscal year
2007. It was blocked by the Rules Committee. However, the Senate
Appropriations Committee reported a bill last week that adds $1
billion to cover emergency costs associated with the loss of the

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00030 Fmt 6633 Sfmt 6601 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



21

Space Shuttle. That would free up money for aeronautics. It also
included a ban on involuntary reductions in force, protecting the
most valuable part of NASA, its world class workforce. And I am
hopeful that the House is going to support these provisions in con-
ference.

I thank the Chair for this opportunity, and I would like to sub-
mit the balance of my statement for the record.

[The prepared statement of Mr. Kucinich follows:]

PREPARED STATEMENT OF REPRESENTATIVE DENNIS J. KUCINICH

Thank you Chairman Calvert, Ranking Member Udall, and Members of this sub-
committee for the opportunity to speak today about aeronautics. Under your leader-
ship, this Congress has been tremendously supportive of aeronautics and I am
grateful for that. I am also grateful to my colleague, Representative Jo Ann Davis
who has fought for strong aeronautics programs.

NASA’s role in aeronautics is fundamental. Its research is important because
NASA is able to develop long term, high-risk enabling technologies that the private
sector is unwilling to perform because they are too risky or too expensive. In fact,
this has historically been the role of government-sponsored research. This is true
not only with aeronautics but also with pharmaceutical research, defense research,
energy research, and environmental research.

When the government sponsored basic research yields information that could lead
to a service or product with profit potential, the private sector transitions from re-
search to development in order to bring it to market. While it is not always as sim-
ple as this, it is clear that where there is no basic research, there can be no develop-
ment. This research has resulted in monumental innovations that affect our daily
lives. Its contributions are especially significant in the areas of national security,
environmental protection, and airline safety.

NASA’s aeronautics programs also contribute substantially to the Nation’s econ-
omy. The NASA Glenn Research Center in Brook Park, Ohio, for example, is a cor-
nerstone of the state’s fragile economy and a stronghold of aeronautics research. In
FY04, the economic output of NASA Glenn alone was $1.2 billion per year. It was
responsible for over 10,000 jobs and household earnings amounted to $568 million.

Civil aeronautics is also the major contributor to this sector’s positive balance of
trade, contributing $29 billion in 2005 alone. Aeronautics contributes to a stronger
economy by lowering the cost of transportation, enabling a new generation of service
based industries like e-commerce to flourish by performing the research that leads
to inexpensive and reliable flights.

These are only a few of the reasons that the proposed cuts to aeronautics are so
pernicious. Many of the recommendations by the National Academy of Sciences
(NAS) are already headed down the path of irrelevancy because we simply won’t be
able to pay for them. We will be feeling the effects of the proposed cuts—about 25
percent in FY07 alone—immediately in terms of economic jolts and then in the long-
term from the loss of innovation. In addition, the Administration’s projected further
decline of aeronautics research in the out years erodes our workforce by sending a
clear signal that funding in the long term is unstable at best, a concern echoed by
the NAS reports. Our NASA workforce is the reason for our aeronautics dominance.
It is that simple. But the cuts are already causing us to struggle against rising ex-
pertise in countries like China as well as an aging scientific and technical workforce
at NASA.

This subcommittee and this Congress have spoken unequivocally in the past few
years on this issue by keeping aeronautics strong in NASA authorization and appro-
priations bills. Yet the NASA budget requests have not changed. We are still under-
funding the Vision for Space Exploration, forcing the agency to take money from
smaller programs like aeronautics, the first A in NASA. In the process, we run the
risk of taking away one of NASA’s great strengths—diversity. If NASA becomes a
one trick pony focused almost exclusively on space exploration, NASA as a whole
is vulnerable to political wind shifts.

Our priority should be to correct this. Earlier this year, I attempted to offer a bi-
partisan amendment to increase funding for aeronautics in the Budget Resolution
by $179 million, which would have left funding flat for FY07. But it was blocked
by the Rules Committee. However, the Senate Appropriations Committee reported
a bill last week that adds one billion dollars to cover the emergency costs associated
with the loss of Space Shuttle Columbia. That would free up money for Aeronautics.
It also included a ban on involuntary reductions in force, protecting the most valu-
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able part of NASA, its world-class workforce. The House should support these provi-
sions in conference.

In the long-term, my hope is that this subcommittee will continue to defend aero-
nautics at NASA. I will most certainly do what I can to help.

Chairman CALVERT. Without objection, the balance of your state-
ment will be entered into the record. We certainly thank you for
presence, Mr. Kucinich, and with that, Ms. Davis, you are recog-
nized.

Ms. DAVIS. Thank you, Mr. Chairman, and I want to thank my
colleague, Mr. Kucinich, before he leaves, for his support for aero-
nautics funding, and I think we have worked well on it together.

I really want to thank Ranking Member Udall and you, Mr.
Chairman, for all the work that you have done on trying to push
the aeronautics funding.

I just want to say that aeronautics funding is important more
than just for the trade balance, and I am going to go into that a
little bit. The Langley Memorial Aeronautical Laboratory was es-
tablished in 1917, and as the Nation’s first civil aeronautics re-
search laboratory, under the charter of the National Advisory Com-
mittee for Aeronautics. That was the precursor to the modern day
NASA. And I am proud to represent the engineers and the re-
searchers who have made the United States’ aeronautics research
and testing the envy of the world for over 88 years. As you know,
NASA Langley Research Center is located in my district.

My concern is that we may have been the envy of the world for
over 88 years, but I don’t think we are going to continue to be the
envy of the world. 1994, just 12 years ago, the aeronautics budget
was $1.54 billion, with a B, dollars. This year, the President’s re-
quest was $724 million for aeronautics programs. That is half.
There is no reason in my mind that 12 years later, we should be
putting half of what the aeronautics research was twelve years ago.

The Europeans, and I understand what Congressman Udall said,
the Europeans are moving forward with a robust investment in re-
search and development, and they appear to be implementing their
strategy that they put in, to have their Aeronautics Vision for
2020. I don’t think we have an Aeronautics Vision.

I know that in Chairman Wolf’s appropriations bill last year, he
required that we have an aeronautics policy. I have yet to see it.
And I have got serious concerns that the United States is losing
their critical expertise in aeronautics research and development.
And I think it is going to have a tragic impact on our military, not
just our trade balance, but on our military and our civilian avia-
tion.

The U.S. military has benefited significantly from NASA aero-
nautics research. The single most important benefit of the Depart-
ment of Defense and NASA Langley’s partnership is in the applica-
tion of new technologies to this nation’s military aircraft. Every
aviation asset in our military inventory was designed with the help
of NASA experts, and NASA conducted wind tunnel tests for the
Department of Defense or their contractors on just about every
military aircraft that our nation has built.

Not only has, and let me just say that I hope and pray that we
don’t see the day that our military aircraft is tested and built from
research done in Europe. Not only have NASA researchers made
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U.S. military vehicles technologically superior, but they have
helped determine the capabilities of our enemies, by testing and
analyzing foreign warplanes for the defense and intelligence com-
munities. Without proper funding, this capability will perish, and
it will be exceedingly difficult to restore.

In addition, the U.S. aviation industry, which plays an important
role in the U.S. economy, has benefited from NASA research. I
know that aeronautics research is roughly, right now, nine percent
of our country’s GDP. I don’t think it is going to stay that way with
the way we are funding aeronautics. While U.S. aeronautics re-
search and testing programs are declining, countries in Europe and
elsewhere are investing heavily in aeronautics research. The health
of the U.S. aviation industry depends on aeronautics research and
development, especially long-term research that they cannot and
probably will not perform themselves, in order to compete in the
world market, and we are rapidly losing that capability.

And I know everyone thinks that I am out here asking for aero-
nautics research dollars because of NASA Langley. I have got to
tell you, if NASA Langley were located in California, I would still
be arguing for the same thing, because I think it is vital to our na-
tional security. I serve on the Armed Service Committee with you,
Mr. Chairman. I serve on the House Select Intelligence Committee,
and I can tell you aeronautics research is critical to our nation’s se-
curity.

Given the importance of NASA aeronautics research and testing,
I am very concerned that NASA, like I said, does not have a vision
for aeronautics programs. I look forward to receiving or seeing
their vision before the year is out. I hope it is not too late when
we receive it.

From NASA’s recent aeronautics budget proposals, and other de-
cisions made by senior leadership, it is becoming evident that
NASA does not want to participate in any civil aeronautics pro-
grams which do not support the Vision for Space Exploration. And
let me just say I am not against space exploration, but I am
against space exploration at the expense of aeronautics research.

This seems to be in direct conflict with Congress’ intent, as ex-
pressed in the NASA Authorization Bill passed by the House last
year. We have received several reports from the National Institute
of Aerospace, the National Academies, and others who also con-
clude that there are major challenges for civil aeronautics in the
future that will require continued investment to overcome.

I can’t stress enough the importance of aeronautics research. I
think it is obvious. And I am going to leave it at that, Mr. Chair-
man, and ask you, to be able to submit my complete statement for
the record.

And I appreciate your concern, and I think you understand the
concern, I think those on this committee understand the concern,
and I hope that we will not stop letting our voices be heard.

Thank you, Mr. Chairman.
[The prepared statement of Ms. Davis follows:]

PREPARED STATEMENT OF REPRESENTATIVE JO ANN DAVIS

Mr. Chairman: Thank you for the opportunity to speak before your subcommittee
this morning on the National Academy’s Decadal Survey on Civil Aeronautics and
the general subject of our nation’s investment in aeronautics research. I appreciate
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you holding a hearing on this subject, which is important not only to NASA Langley
in my district, but also to our nation. Also, I appreciate Congressman Kucinich’s ap-
pearance here this morning on behalf of NASA Glenn Research Center in Ohio.

The Langley Memorial Aeronautical Laboratory was established in 1917 as the
Nation’s first civil aeronautics research laboratory under the charter of the National
Advisory Committee for Aeronautics, the precursor to the modern-day NASA. I am
proud to represent the engineers and researchers who have made United States aer-
onautics research and testing the envy of the world for over eighty-eight years.

Mr. Chairman, there is no doubt that we have been pioneers in this highly spe-
cialized field for most of the last century. My concern is that recent and future cuts
will simply make us unable to retain this advantage in the future. For example, the
total spending on Aeronautics Research for Fiscal Year 1994 was $1.54 BILLION.

This year, the President’s budget requested ONLY $724 million for Aeronautics
programs. The Europeans are moving forward with a robust investment in research
and development and appear to be implementing the strategy of the European Aero-
nautics Vision for 2020 that was announced in 2001.

I have serious concerns that the United States is losing critical expertise in aero-
nautics research and development. This degradation will have a tragic impact on
military and civilian aviation, which contributes significantly to our country’s na-
tional defense and economy.

The U.S. military has benefited tremendously from NASA aeronautics research.
The single most important benefit of the Department of Defense and NASA
Langley’s partnership is in the application of new technologies to this nation’s mili-
tary aircraft. Every aviation asset in the military’s inventory was designed with the
help of NASA’s experts, and NASA conducted wind tunnel tests for the Department
of Defense or their contractors on just about every military aircraft that our nation
has built.

Not only have NASA researchers made U.S. military vehicles technologically su-
perior, they have helped determine the capabilities of our enemies by testing and
analyzing foreign warplanes for the defense and intelligence communities. Without
proper funding, this capability will perish and will be exceedingly difficult to restore.

In addition, the U.S. aviation industry, which plays an important role in the U.S.
economy, has benefited from NASA research. This vital sector of our economy em-
ploys over two million Americans and comprises roughly nine percent of our coun-
try’s Gross National Product (GNP). This strength is a direct result of the invest-
ment in aeronautics research over the past several decades. Nonetheless, the indus-
try has been declining over the past several years and now only holds fifty percent
of the world market.

While U.S. aeronautics research and testing programs are declining, countries in
Europe and elsewhere are investing heavily in aeronautics research. The health of
the U.S. aviation industry depends on aeronautics research and development—espe-
cially long-term research that they cannot and will not perform themselves—in
order to compete in the world market. We are rapidly losing this capability.

Given the importance of NASA aeronautics research and testing, I am very con-
cerned that NASA does not have a vision for aeronautics programs. While I look
forward to receiving NASA’s Vision for Aeronautics in the near future, there seems
to be a detrimental lack of strategic planning for the future of America’s civil aero-
nautics and testing capabilities.

From NASA’s recent aeronautics budget proposals and other decisions made by
its senior leadership, it is becoming evident that NASA does not want to participate
in any civil aeronautics programs which do not support the Vision for Space Explo-
ration. This seems to be in direct conflict with Congress’ intent as expressed in the
NASA Authorization bill passed by the House last year. We have received several
reports from the National Institute of Aerospace, the National Academies, and oth-
ers who all conclude that there are major challenges for civil aeronautics in the fu-
ture that will require continued investment to overcome.

The importance of aeronautics research is obvious. This is one of the few areas
where we actually enjoy a trade surplus with the rest of the world and the govern-
ment and industry partnership is still has potential for the future. There are still
many challenges in the capacity, efficiency and safety of air transportation, and I
firmly believe that NASA’s developed expertise in these areas must continue with
a strong investment by the American taxpayer. We simply cannot afford to lose aer-
onautics programs that are vital to our country’s national defense and economy.

Again, thank you Chairman Calvert for holding a hearing on this important issue.
I appreciate all of your work and your staff’s work, and thanks also to the witnesses
for being here this morning.
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Chairman CALVERT. Thank you, and we certainly appreciate your
testimony, and without objection, your full statement will be en-
tered into the record.

I just want to add that we wouldn’t dream of taking such a fine
facility from your state, and relocating it in California.

Ms. DAVIS. I am glad to hear it.
Mr. HONDA. Mr. Chairman.
Mr. ROHRABACHER. The Chairman wouldn’t think of that.
Ms. DAVIS. No, it is fantastic.
Mr. HONDA. Mr. Chairman.
Chairman CALVERT. But we do have a lot of excellent research

in California also, so we are all in this together. Yes, oh, yes. The
gentleman from California, Mr. Honda.

Mr. HONDA. Yes, if I may enter my statement for the record.
Chairman CALVERT. Without objection, all Members may enter

their full statements in the record, and without objection, so or-
dered.

[The prepared statement of Mr. Honda follows:]

PREPARED STATEMENT OF REPRESENTATIVE MICHAEL M. HONDA

Chairman Calvert and Ranking Member Udall, thank you for holding this impor-
tant hearing today. I believe it is essential that, as NASA considers restructuring
its aeronautics program, the important advice being provided by the National Re-
search Council in its two reports that we will hear testimony about today be taken
into consideration.

Over the past several years, NASA has undertaken a series of significant over-
hauls of its aeronautics program, many of them without sufficient Congressional
Oversight. Full Cost Accounting has been combined with broad discretionary author-
ity granted to the agency in the FY 2005 Omnibus Appropriations bill to create a
situation in which the salaries of vast numbers of Civil Service R&D employees
were moved out of project accounts and into general operations, which has created
an artificial crisis at the centers that is being used to justify large scale workforce
reductions. In his FY 2006 Budget Request, President Bush tried to cut aeronautics
programs over 21 percent by FY10, not counting the loss in purchase power due to
inflation. Only the actions of the Congress prevented these drastic cuts from taking
place.

The decisions NASA and the Administration are making seem to fly in the face
of a number of recommendations made by expert panels. A RAND Corporation panel
recommended that ‘‘of the 31 existing major NASA test facilities, 29 constitute the
‘minimum set’ of facilities important to retain and manage to serve national needs.’’
A National Academies committee concluded that ‘‘although a strong national pro-
gram of aeronautics research and technology [R&T] may not, by itself, ensure the
competitiveness of the U.S. aviation industry, the committee agrees with earlier
studies that without it, the United States is likely to become less competitive in aer-
onautics relative to countries with stronger programs. Aviation is an R&T-intensive
industry.. . .Some aeronautics R&T programs have produced ‘breakthroughs’ that
are immediately usable.. . .More often, aeronautics R&T advances are evolutionary,
and a substantial number of years can pass before the aviation systems making use
of these advances enter service.’’ This last statement is particularly interesting in
light of the fact that NASA is currently saying that it is going to focus only on
‘‘breakthrough’’ technologies.

In the NASA Authorization Act of 2005, this committee recognized the short-
sightedness of the Administration’s plans to shut down key aeronautics test facili-
ties and included language to keep these facilities open. Unfortunately, there are
reports that as part of her restructuring of NASA’s aeronautics program, the Asso-
ciate Administrator is considering withdrawing support for facilities such as the
‘‘Future Flight Central’’ simulator, the Vertical Motion Simulator, and the Crew Ve-
hicle Systems Research Facility at the NASA Ames Research Center. I question the
wisdom of such actions and hope to hear the witnesses’ thoughts on them.

NASA seems to be following a course on aeronautics that has potentially grave
consequences not only for its Research Centers and those who work there, in par-
ticular the Ames Research Center near my district, but also for our nation. I have
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many questions that I hope the witnesses can answer, and I look forward to their
testimony.

[The prepared statement of Ms. Jackson Lee follows:]

PREPARED STATEMENT OF REPRESENTATIVE SHEILA JACKSON LEE

Mr. Chairman, let me first welcome our witnesses, the Honorable Dennis
Kucinich and the Honorable Jo Ann Davis, for testifying today on behalf of their
commitment to aeronautics research. I would also like to welcome Mr. Kaminski,
Mr. Merrill, Mr. Romanowski, and Mr. Moin. I appreciate the opportunity today to
speak with the research community about the purpose, direction, and effectiveness
of NASA’s aeronautics research program.

Every ten years, the National Academy of Sciences releases a decadal survey of
civil aeronautics analyzing the value of current research initiatives, as well as a
broad discussion of the benefits future research should pursue.

I understand that this year’s report by highlights four primary targets to maxi-
mize strategic benefit: 1) Increase capacity, 2) improve safety and reliability, 3) in-
crease efficiency and performance, and 4) reduce energy consumption and environ-
mental impact.

The National Academy of Sciences committee also published 51 research and de-
velopment challenges that must be overcome in order to achieve the objectives I just
mentioned.

I urge NASA to take these recommendations seriously. Previously, this decadal
survey has been wise and accurate in predicting the benefit of cooperative govern-
ment and industry research, as well as the importance of maintaining flexibility and
adaptability of new technology.

As we consider the testimony today, I hope that the witnesses will be able to shed
some light on how NASA can best cope with increasingly constrained budget allow-
ances, as well as the ability of NASA to transfer the knowledge we gain from basic
research initiatives into more sophisticated and applicable technologies.

I thank the Chairman for continuing the bipartisan collaboration of this com-
mittee, and for his friendly and even-handed efforts to engage all of us in the
progress made by this committee. Thank you, Mr. Chairman, and I yield the balance
of my time.

Chairman CALVERT. Are there any questions for our witness?
The gentleman from Colorado.
Mr. UDALL. Just briefly, Mr. Chairman, I want to associate my-

self with the remarks of the gentlelady from Virginia.
She and I serve on the Armed Services Committee. I think her

remarks, focusing on national security and military aircraft, are
right on point, and I would remind everybody listening, and also
those who would read the transcript, that I don’t have a NASA fa-
cility like Langley in my district, but I believe this is very, very
crucial, and your remarks resonate, because I do know that were
you to represent a district that didn’t have NASA Langley, you
would still be deeply committed to this aeronautics initiative, be-
cause of all the reasons you outlined.

So, thank you for taking time to testify today.
Chairman CALVERT. I thank the gentleman. Questions? I thank

the gentlelady. Thank you very much for coming.
Okay, next, we have our witnesses for the next panel. If they

would like to please come up: Dr. Paul Kaminski, the Chairman of
the Steering Committee of the National Research Council’s
‘‘Decadal Survey of Civil Aeronautics;’’ Dr. Steve Merrill, the Study
Director of the National Research Council ‘‘Aeronautics Innovation:
NASA’s Challenges and Opportunities;’’ Dr. Michael Romanowski,
Vice President for the Civil Aviation, Aerospace Industries Associa-
tion; Dr. Parviz Moin, Professor, Mechanical Engineering, Stanford
University, Director, Institute for Computational and Mathematical
Engineering.
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Thank you gentlemen for coming to Washington, and with that,
we attempt to keep the testimony to five minutes, where we have
plenty of time for questions and answers.

So, with that, Dr. Kaminski, I would say Doctor, but all you
would start at the same time, so we will start with Dr. Kaminski.
You are recognized for five minutes.

Dr. KAMINSKI. Thank you, Mr. Chairman.
Chairman CALVERT. But turn your mike on there, Doctor, excuse

me.
Dr. KAMINSKI. Thank you, Mr. Chairman, and Members of the

Committee. I would like to submit my full statement for the record,
and just provide short excerpts of the portions——

Chairman CALVERT. Without objection, all the witness’ full testi-
mony will be entered into the record.

STATEMENT OF DR. PAUL G. KAMINSKI, CHAIRMAN, STEERING
COMMITTEE, NATIONAL RESEARCH COUNCIL’S ‘‘DECADAL
SURVEY OF CIVIL AERONAUTICS’’

Dr. KAMINSKI. My name is Paul Kaminski. I am the Chairman
and CEO of Technovation, Incorporated, and a senior partner in
Global Technology Partners. I am appearing before you today in my
capacity as the chair of the National Research Council’s Committee
on the Decadal Survey of Civil Aeronautics.

The National Research Council is an arm of the National Acad-
emy of Sciences, the National Academy of Engineering, and the In-
stitute of Medicine of the National Academies, and was chartered
by the Congress in 1863, to advise the government on matters of
science and technology.

In 2005, NASA requested that the National Research Council es-
tablish a committee on the Decadal Survey of Civil Aeronautics,
under the auspices of the Aeronautics and Space Engineering
Board. This committee was charged with developing an overarching
roadmap for the investment in aeronautics research and technology
at NASA, and assessing how federal agencies can more effectively
address key issues and challenges. Our report was released in June
of 2006, and it is available for insertion of the record, if it has not
already——

[The information follows:]
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Chairman CALVERT. We will make sure that the entire report
will be entered into the record.

Dr. KAMINSKI. This report, the product of our Decadal Survey,
provides a foundation for the future, a 10 year foundation, a
decadal strategy for the Federal Government’s involvement in civil
aeronautics, with a particular emphasis on the NASA research
portfolio.

The U.S. air transportation system is indeed a key contributor to
the economic vitality, the public well-being, and the national secu-
rity of the United States. In the absence of an existing national pol-
icy for aeronautics, our committee needed to do some work to es-

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00042 Fmt 6633 Sfmt 6601 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



33

tablish some foundation for how we would set priorities in a re-
search program.

So, we first established four high priority strategic objectives re-
lated to our national air transportation system, and those four
were to continue to increase the capacity of the system, to continue
to improve the safety and reliability of the system, to increase effi-
ciency and performance, and to reduce energy consumption and en-
vironmental impact. Those were the four primary.

We also felt that there are two other lower priority objectives
that we should consider. Those were to give credit for and take ad-
vantage of synergies with national and homeland security in this
technology base, and finally, to support the space program. The
way we went about our prioritization was to apply something called
a quality function deployment process, which is often used to rank
competing objectives. And we used this to rank 89 different re-
search and technology challenges that our panel has considered.

And what I would like to do is illustrate by using the chart, how
we went about doing this, if I could have the first chart, please. If
you look across the columns of this chart, Mr. Chairman, you see
the strategic objectives that I spoke about earlier, and each one of
those objectives has a weighting factor that we use to establish pri-
orities.

So improving the capacity of our air transportation, and improv-
ing safety and reliability had a weight of 5. Improving efficiency of
performance and also energy and the environment had a weight of
3. And then, the two lower priority items that I stated, the benefit
of synergies with national and homeland security, and support to
space received a 1.

What we did, then, was took each R&T challenge, as indicated
in those rows, for example, R&T Challenge 1, and if we concluded
that it was a major contributor to improved capacity, it got a 9. If
it was only an intermediate contributor, it would get a score of 3,
and if it was a very small or negligible contributor, it would get a
1. So, you see, by example, the first challenge, we gave that a score
of 9 for capacity, a score of 9 for safety and reliability, the next two
were 3s, and then, 1s and 1s. So, if you multiply the score by the
weight above it, and then add all those numbers up, you end up
with a total of 110 for national priority for challenge #1.

Now, we did it in this manner, as I said, absent a national pri-
ority, so we constructed our own, and we also did it in an explicit
way, so someone who had a different set of weights could go back
through here with a different set of weights, and reach their own
conclusion. But we wanted to do it in an orderly and a systematic
way.

Also, since we were directing our attention towards the NASA re-
search budget, we developed four rating factors for why should this
be in the NASA budget, because something might be important in
the national priority, but it might be covered better elsewhere. And
the factors we considered for why should it be in the NASA budget
related to one, did NASA have a supporting infrastructure that
could be applied? Was the mission aligned with NASA’s mission?
Were there a lack of alternative sponsors, that is, if NASA didn’t
do it, it was likely that nobody would. And finally was the level of
risk appropriate for NASA?
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So, we assigned scores in each one of those categories, with a
weighting of a quarter each, and then, come up with a ‘‘Why
NASA’’ composite score, and in this case, it was a 6.0. And so, to
come up with an overall composite score, we multiplied the ‘‘Why
NASA’’ score of 6.0 by the national priority score of 110, to come
up with 660.

So, the outcome of our report, then, was a list of technologies list-
ed by area, in terms of their national priority, in terms of what we
felt should be their priority in the NASA budget. So, that is the
substance of our report.

These technologies were divided into five areas equally, into
aerodynamics and aeroacoustics, in propulsion and power tech-
nology, materials and structures, dynamics, navigation and control,
and then, into intelligent and autonomous systems. We believe that
advances in these areas would have a significant long-term impact
on our civil aeronautics program.

We also identified five common themes among these research
and technology challenges to provide threads of commonality
among the 51 high priority challenges that came out at the top of
our priorities. An example of one such theme is the development
of physics-based analysis tools, to enable analytical capabilities
that go far beyond existing modeling and simulation capabilities,
and to reduce the use of empirical approaches to be able to do fun-
damental basic design.

Each of these themes describes enabling approaches that will
contribute to overcoming multiple challenges in these five research
and technology areas. And we selected these themes so we could
exploit the synergies available among the common elements in the
theme, to make better use of limited funds in the NASA aero-
nautics program.

Finally, to complete our work, we noted that even if we were suc-
cessful in developing this list of 21 research—51 research and tech-
nology challenges, there were two barriers that we faced to effec-
tively exploit the technology for the good of the Nation.

The first of those barriers has to do with certification for civil
use. As systems become more complex, methods to ensure that the
new technologies can be readily applied to certified systems become
more difficult to validate. This is becoming more true with complex
software systems, for example, Mr. Chairman. So, we believe that
NASA, in cooperation with the FAA, should anticipate the need to
certify new technology before its introduction, and it should con-
duct research on methods to improve both the confidence in and
the timeliness of the certification.

And then, secondly, another barrier has to do with the manage-
ment of change, internal and external, for systems, complex, inter-
active systems such as our air transportation system. This is be-
coming more difficult when we have to consider the various factors
involved. For example, simply increasing the speed of a civil air-
craft may not do any good, if it has to fit into a system where it
is scheduled, and has to fly into a slot among slower flying aircraft,
so you have to think through the big picture of how we are going
to manage change to exploit the technology.

The report also encourages NASA to do the following four things.
One, create a more balanced split in the allocation of aeronautics
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research and technology funding, between in-house research, which
is performed by NASA engineers and technical specialists in-house,
and external research by universities and industry.

We don’t have a final figure for this, but as of January 2006, as
best we could determine, the allocation was to be 93 percent of the
aeronautics research funding in-house, and only 7 percent con-
tracted outside to university and industry. We believe that should
be more in balance.

We also recommended closely coordinating and cooperating with
other public and private organizations to take advantage of cross-
cutting technology, also developing new technology to a level of
readiness that is appropriate for that technology, given the indus-
try’s interest in continuing the development of new technologies,
depending upon urgency and payoff.

And finally, investing in research associated with improved
ground and flight test facilities and diagnostics, in coordination
with the Department of Defense and the industry.

Mr. Chairman, in summary, we believe this report should pro-
vide a useful foundation for the ongoing effort in the executive
branch to develop an aeronautics policy. And in addition, even
though the scope of this study did, purposefully, not include specific
budget recommendations, it should support efforts by the Congress
to authorize an appropriate NASA aeronautics budget.

In closing, I would like to summarize with just two charts that
summarize what we believe was the value added of this study.
First of all, in the absence of an aeronautics policy, we believe the
study helps serve as a de facto set of requirements documents for
civil aeronautics research and technology.

Secondly, it in fact demonstrates that we have a target-rich envi-
ronment for aeronautics research and technology, countering the
arguments made by some that this is a mature field, which isn’t
in need of technology investment.

Thirdly, it prioritizes the research and technology using a quan-
titative basis that I described, with the flexibility to adjust that if
you have a different set of weights. It addresses why NASA should
undertake specific research and technology, and identifies opportu-
nities for synergistic research and technology, using the research
thrusts and common themes. It also shows that one size does not
fit all when setting technology readiness level goals for NASA aero-
nautics research, and specifies an approach to deal with that.

It emphasized the importance of systems analysis and system in-
tegration factors in determining research and technology require-
ments and programs, and it also identifies barriers that hamper
transfer of research and technology results to operational systems.

It shows that a heavily skewed budget allocation that minimizes
the participation of academia and industry will impede the timely
transfer of research and technology to our industry, and will also,
very importantly, impede the growth of new talent in academia and
in our supporting base.

It identifies multi-agency issues, and calls for a study of organi-
zational options to facilitate U.S. leadership in civil aeronautics,
and it does show the importance of establishing a national aero-
nautics policy, by demonstrating the impact of strategic objective
on research and technology goals and requirements.
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1 QFD is a group decision-making methodology often used in product design.

Thank you, Mr. Chairman.
[The prepared statement of Dr. Kaminski follows:]

PREPARED STATEMENT OF PAUL G. KAMINSKI

Decadal Survey of Civil Aeronautics:
Foundation for the Future

Good afternoon, Mr. Chairman, and Members of the Committee. Thank you for
the opportunity to testify before you today. My name is Paul Kaminski. I am the
Chairman and Chief Executive Officer of Technovation, Inc., and a senior partner
in Global Technology Partners. I appear before you today in my capacity as Chair
of the National Research Council’s Committee on the Decadal Survey of Civil Aero-
nautics. The National Research Council is the operating arm of the National Acad-
emy of Sciences, National Academy of Engineering, and the Institute of Medicine
of the National Academies, chartered by Congress in 1863 to advise the government
on matters of science and technology.

In 2005, NASA requested that the National Research Council (NRC) establish the
Committee on the Decadal Survey of Civil Aeronautics under the auspices of the
Aeronautics and Space Engineering Board. The committee was charged with devel-
oping an overarching roadmap for investment in aeronautics research and tech-
nology at NASA, and assessing how federal agencies can more effectively address
key issues and challenges. Our committee’s report was released in June of 2006.

The U.S. air transportation system is a key contributor to the economic vitality,
public well-being, and national security of the United States. The next decade of
U.S. civil aeronautics research and technology (R&T) development should provide a
foundation for achieving four high-priority Strategic Objectives:

• Increase capacity.
• Improve safety and reliability.
• Increase efficiency and performance.
• Reduce energy consumption and environmental impact.

Civil aeronautics R&T should also consider two lower-priority Strategic Objec-
tives:

• Take advantage of synergies with national and homeland security.
• Support the space program.

The purpose of the Decadal Survey of Civil Aeronautics was to develop a founda-
tion for the future—a decadal strategy for the Federal Government’s involvement
in civil aeronautics, with a particular emphasis on the National Aeronautics and
Space Administration’s (NASA’s) research portfolio. A quality function deployment
(QFD) process was used to identify and rank 89 R&T Challenges in relation to their
potential to achieve the six Strategic Objectives listed above.1 That process produced
a list of 51 high-priority R&T Challenges that must be overcome to further the state
of the art (see Table 1). These high-priority Challenges are equally divided among
five R&T Areas:

• Area A: Aerodynamics and aeroacoustics.
• Area B: Propulsion and power.
• Area C: Materials and structures.
• Area D: Dynamics, navigation, and control, and avionics.
• Area E: Intelligent and autonomous systems, operations and decision-making,

human integrated systems, and networking and communications.
Advances in these Areas would have a significant, long-term impact on civil aero-

nautics. Accordingly, federal funds, facilities, and staff should be made available to
advance the high-priority R&T Challenges in each Area.

Five Common Themes summarize threads of commonality among the 51 high-pri-
ority R&T Challenges:

• Physics-based analysis tools to enable analytical capabilities that go far be-
yond existing modeling and simulation capabilities and reduce the use of em-
pirical approaches.
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• Multi-disciplinary design tools to integrate high-fidelity analyses with effi-
cient design methods and to accommodate uncertainty, multiple objectives,
and large-scale systems.

• Advanced configurations to go beyond the ability of conventional technologies
and aircraft to achieve the Strategic Objectives.

• Intelligent and adaptive systems to significantly improve the performance and
robustness of aircraft and the air transportation system as a whole.

• Complex interactive systems to better understand the nature of and options
for improving the performance of the air transportation system, which is itself
a complex interactive system.

These Themes are not an end in themselves; they are a means to an end. Each
Theme describes enabling approaches that will contribute to overcoming multiple
Challenges in the five R&T Areas. Exploiting the synergies identified in each Com-
mon Theme will enable NASA’s aeronautics programs to make the most efficient use
of available resources.

Even if individual R&T Challenges are successfully overcome, two key barriers
must also be addressed before the Strategic Objectives can be accomplished:

• Certification. As systems become more complex, methods to ensure that new
technologies can be readily applied to certified systems become more difficult
to validate. NASA, in cooperation with the FAA, should anticipate the need
to certify new technology before its introduction, and it should conduct re-
search on methods to improve both confidence in and the timeliness of certifi-
cation.

• Management of change, internal and external. Changing a complex interactive
system such as the air transportation system is becoming more difficult as
interactions among the various elements become more complex and the num-
ber of internal and external constraints grows. To effectively exploit R&T to
achieve the Strategic Objectives, new tools and techniques are required to an-
ticipate and introduce change.

The report also encourages NASA to do the following:
• Create a more balanced split in the allocation of aeronautics R&T funding be-

tween in-house research (performed by NASA engineers and technical special-
ists) and external research (by industry and/or universities). As of January
2006, NASA seemed intent on allocating 93 percent of NASA’s aeronautics re-
search funding for in-house use.

• Closely coordinate and cooperate with other public and private organizations
to take advantage of advances in cross-cutting technology funded by federal
agencies and private industry.

• Develop each new technology to a level of readiness that is appropriate for
that technology, given that industry’s interest in continuing the development
of new technologies varies depending on urgency and expected payoff.

• Invest in research associated with improved ground and flight test facilities
and diagnostics, in coordination with the Department of Defense and indus-
try.

The eight recommendations formulated by the steering committee summarize ac-
tion necessary to properly prioritize civil aeronautics R&T and achieve the relevant
Strategic Objectives:
Recommendation 1. NASA should use the 51 Challenges listed in Table 1 as the
foundation for the future of NASA’s civil aeronautics research program during the
next decade.
Recommendation 2. The U.S. Government should place a high-priority on estab-
lishing a stable aeronautics R&T plan, with the expectation that the plan will re-
ceive sustained funding for a decade or more, as necessary, for activities that are
demonstrating satisfactory progress.
Recommendation 3. NASA should use five Common Themes to make the most ef-
ficient use of civil aeronautics R&T resources:

• Physics-based analysis tools
• Multi-disciplinary design tools
• Advanced configurations
• Intelligent and adaptive systems
• Complex interactive systems
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Recommendation 4. NASA should support fundamental research to create the
foundations for practical certification standards for new technologies.
Recommendation 5. The U.S. Government should align organizational responsibil-
ities as well as develop and implement techniques to improve change management
for federal agencies and to assure a safe and cost-effective transition to the air
transportation system of the future.
Recommendation 6. NASA should ensure that its civil aeronautics R&T plan fea-
tures the substantive involvement of universities and industry, including a more
balanced allocation of funding between in-house and external organizations than
currently exists.
Recommendation 7. NASA should consult with non-NASA researchers to identify
the most effective facilities and tools applicable to key aeronautics R&T projects and
should facilitate collaborative research to ensure that each project has access to the
most appropriate research capabilities, including test facilities; computational mod-
els and facilities; and intellectual capital, available from NASA, the Federal Avia-
tion Administration, the Department of Defense, and other interested research orga-
nizations in government, industry, and academia.
Recommendation 8. The U.S. Government should conduct a high-level review of
organizational options for ensuring U.S. leadership in civil aeronautics.

This report should provide a useful foundation for the ongoing effort in the execu-
tive branch to develop an aeronautics policy. In addition, even though the scope of
this study purposely did not include specific budget recommendations, it should sup-
port efforts by Congress to authorize and appropriate the NASA aeronautics budget.

Thank you for the opportunity to testify. I would be happy to take any questions
the Committee might have.

COMMITTEE ON DECADAL SURVEY OF CIVIL AERONAUTICS
PAUL G. KAMINSKI (NAE), Chair, Technovation, Inc., Fairfax Station, Virginia
WILLIAM W. HOOVER, Co-chair, U.S. Air Force (retired), Williamsburg, Virginia
INDERJIT CHOPRA, University of Maryland, College Park
EUGENE E. COVERT (NAE), Massachusetts Institute of Technology, Cambridge
ALAN ECKBRETH, Connecticut Academy of Science and Engineering, Hartford
THOMAS HARTMANN, Lockheed Martin Aeronautics Company, Palmdale, Cali-

fornia
ILAN KROO (NAE), Stanford University, Stanford, California
NANCY LEVESON (NAE), Massachusetts Institute of Technology, Cambridge
IVETT LEYVA, Microcosm, Inc., El Segundo, California
AMY PRITCHETT, Georgia Institute of Technology, Atlanta
EDMOND SOLIDAY, United Airlines (retired), Valparaiso, Indiana
JOHN VALASEK, Texas A&M University, College Station
DAVID VAN WIE, Johns Hopkins University, Laurel, Maryland
ROBERT WHITEHEAD, Aerospace Consultant, Henrico, North Carolina
DIANNE S. WILEY, The Boeing Company, Huntington Beach, California

BIOGRAPHY FOR PAUL G. KAMINSKI

Paul G. Kaminski is Chairman and CEO of Technovation, Inc., a consulting com-
pany dedicated to fostering innovation, and to the development and application of
advanced technology. He is also a Senior Partner in Global Technology Partners, a
consulting firm specializing in business strategy and investments in technology, de-
fense and aerospace-related companies.

Dr. Kaminski served as the Under Secretary of Defense for Acquisition and Tech-
nology from October 3, 1994 to May 16, 1997. He was responsible for all Department
of Defense (DOD) research, development, and acquisition programs. He also had re-
sponsibility for DOD logistics, environmental security, international programs, the
defense industrial base, and military construction. The annual budget for these enti-
ties exceeded $100 billion.

Dr. Kaminski has had a continuing career involving large program management,
and the development and application of advanced technology in both the private and
public sectors. He served as Chairman and Chief Executive Officer of Technology
Strategies and Alliances, a technology-oriented investment banking and consulting
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firm. He has served as Chairman of the Defense Science Board and was a member
of the Defense Policy Board. In addition, he has served as a consultant and advisor
to a wide variety of government agencies and as a director and trustee of several
defense and technology oriented companies.

His previous government experience includes a 20-year career as an officer in the
Air Force. During 1981–1984, he served as Director for Low Observables Tech-
nology, with responsibility for directing the development, production and fielding of
the major ‘‘stealth’’ systems (e.g., F–117, B–2). Prior to that, he served as Special
Assistant to the Under Secretary of Defense for Research and Engineering. He also
led the initial development of a National Reconnaissance Office space system and
related sensor technology. Early in his career, he was responsible for test and eval-
uation of inertial guidance components for the Minuteman missile and terminal
guidance systems for our first precision guided munitions.

Dr. Kaminski is a member of the National Academy of Engineering, a Fellow of
the Institute for Electrical and Electronics Engineers, a Fellow of the American In-
stitute of Aeronautics & Astronautics, and a Senior Fellow of the Defense Science
Board. He is Chairman of the Board of both Exostar and HRL Labs, and a Director
of Bay Microsystems, DFI International, General Dynamics, In-Q-Tel, Inc., and
RAND. He serves as an advisor to the Johns Hopkins Applied Physics Lab,
LynuxWorks, Inc., MILCOM Technologies and MIT Lincoln Laboratory. He is a
member of the Senate Select Committee on Intelligence Technical Advisory Board,
the National Reconnaissance Office Technology Advisory Group, the FBI Director’s
Advisory Board, and the Atlantic Council. He has authored publications dealing
with inertial and terminal guidance system performance, simulation techniques,
Kalman filtering and numerical techniques applied to estimation problems.

Dr. Kaminski has received the following awards: Department of Defense Medal
for Distinguished Public Service (three awards), Defense Distinguished Service
Medal, Director of Central Intelligence Director’s Award, Defense Intelligence Agen-
cy Director’s Award, Legion of Merit with Oak Leaf Cluster, Air Force Academy
2002 Distinguished Graduate Award, the International Strategic Studies Associa-
tion Stefan T. Possony Medal for Outstanding Contributions to Strategic Progress
through Science and Technology, the AOC Gold Medal, the Netherlands Medal of
Merit in Gold, the French Republic Legion d’Honneur, and the Air Force Systems
Command Scientific Achievement Award.

Dr. Kaminski was born in Cleveland, Ohio. He received a Bachelor of Science
from the Air Force Academy, Master of Science degrees in both Aeronautics and As-
tronautics and in Electrical Engineering from the Massachusetts Institute of Tech-
nology, and a Ph.D. in Aeronautics and Astronautics from Stanford University. He
and his wife, Julie, have two children.
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Chairman CALVERT. I thank the gentleman.
Dr. Merrill, you are recognized for five minutes.

STATEMENT OF DR. STEPHEN A. MERRILL, STUDY DIRECTOR,
NATIONAL RESEARCH COUNCIL’S ‘‘AERONAUTICS INNOVA-
TION: NASA’S CHALLENGES AND OPPORTUNITIES’’

Dr. MERRILL. Thank you very much, Mr. Chairman. My name is
Steve Merrill, and I direct the Science, Technology, and Economic
Policy, or STEP program, at the National Academies, and was
Study Director for a second Academy report this spring on NASA’s
aeronautics program, called ‘‘Aeronautics Innovation: NASA’s Chal-
lenges and Opportunities.’’ And I appreciate the opportunity today
to present the findings of that study.

Our charge, I must underscore, was very different from that of
the Decadal Study. Our committee had quite a different composi-
tion, and the two projects proceeded quite independently of each
other, but I think there are some common features.

STEP was asked by the previous Associate Administrator for the
Aeronautics Mission Directorate to look outward from NASA, and
indeed, from the aerospace industry, and to identify some private
and public sector management techniques, tools, methods, that
could accelerate the implementation of NASA-developed tech-
nologies by its very diversified set of customers: airframe and air-
craft engine manufacturers, the military services, the regulatory
and operational arms of the Federal Aviation Administration, and
so on.

To provide a broad perspective, the Academy assembled a com-
mittee that did include a few stakeholders, for example, a former
NASA center director, and a former head of R&D at General Elec-
tric. But it also included some experts in public policy and adminis-
tration, economics, and people with technical backgrounds in as di-
verse as IT, optoelectronics, energy, and materials. The panel was
chaired by Alan Schriesheim, the former Director of Argonne Na-
tional Laboratory.

So, this panel was a bit more varied in its experience and range
of expertise than many that have addressed aeronautics R&D pol-
icy in the recent past. By the same token, it was not nearly as
steeped in the history of NASA or in aeronautics R&D as the
Decadal Study, or others that have been conducted by the ASEB
at the Academy.

My written testimony describes the methodology that we followed
in our work. The first thing that struck our committee, and that
became the focus of the first part of its report, is what has been
alluded to already several times, and that is the growing discrep-
ancy between the needs said to be served by NASA’s aeronautics
program, and the resources available to it.

These needs and opportunities have been reiterated over the past
decade by numerous public and private bodies. The Commission on
the Future of the U.S. Aerospace Industry, various Academy pan-
els, the National Aerospace Institute, the AIA, among others. To-
gether, they make the case for an expansive government supported
NASA-administered R&D program. But instead, the program is
shrinking and foundering, oscillating between sets of priorities
every year or two. That is not a comment on the quality of the
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work, which people and groups with more technical expertise have
found to be quite high.

The Administration continues to cut the budget, while the Con-
gress wants to hold the line, and possibly increase it, and in the
meantime, it appeared to the committee that NASA’s strategy has
been to spread resources too thinly to ensure their effectiveness.

Why did this concern a committee that was charged with recom-
mending methods of promoting innovation? Precisely because the
first principle of modern innovation management in a resource-con-
strained environment is to identify and support the highest priority
projects, and winnow out the less important. Without a sharper
mission focus, and clearer priorities agreed upon between Congress
and the Administration, the first A at NASA will continue to exist,
but in Dr. Schriesheim’s terminology, the program will continue on
‘‘a glide path to irrelevance.’’

Clearly, our committee was not asked, nor well constituted to de-
fine the government’s role in civil aviation, a task that the Decadal
Study has undertaken with great thoroughness, nor to recommend
in detail what NASA’s aeronautics priorities should be, but our re-
port does offer some general guidance.

First, a strategic focus for the Aeronautics Mission Directorate
that is in line with budget realities, personnel, and technical capa-
bilities, is likely to result in a somewhat reduced mission scope and
portfolio, and therefore, to entail some hard choices. That is not a
prescription on the part of our committee, but was a reasonable
presumption. But the point is that the program, even with a re-
duced scope, could have a greater impact on innovation in air
transportation.

Second, the portfolio should reflect stakeholder needs, and derive
from ongoing consultation with users. This is an obvious point, per-
haps, but it was one that is, from time to time, ignored. For exam-
ple, in the rushed effort to revise the vehicle systems program in
preparing the FY 2006 NASA budget.

Third, the portfolio should be closely aligned with the core com-
petencies of the NASA research centers, and external performers
that NASA supports. Fourth, the Aeronautics Mission Directorate
should continue to have a diversified portfolio, in terms of the stage
of technology being pursued, even if that means fewer projects, be-
cause the further along the development track, generally, the more
costly the effort.

Some users of NASA-developed technologies have limited tech-
nical capacity, and/or they operate in a very risk-averse environ-
ment. In either case, such users need NASA to take some tech-
nologies fairly well along the path toward development and testing.

For this reason, the committee considered, but decided that it
was, that refocusing NASA’s program on fundamental research,
which otherwise might appear to be the best, most reasonable
course, given the funding outlook, risks losing the support nec-
essary for the program to compete for resources and risks its ulti-
mate effectiveness.

Finally, there is a strong case for NASA to continue to pursue
public good areas of R&D work related to a safe and efficient air
traffic management system, environmentally more benign aviation
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operations, and certification of standards and equipment where the
market is unlikely to produce an optimum level of innovation.

If the aeronautics program is more strategically focused, the com-
mittee believes there are project, personnel, and financial manage-
ment practices that NASA could adopt, replicate, or expand that
would facilitate implementation of its R&D results, and the report
describes a number of them in response to what we were asked to
do. But unless consensus is reached on NASA’s aeronautics mis-
sion, and an adequately supported portfolio is agreed upon, no
amount of management advice of the sort we were asked to provide
can accomplish very much.

Thank you, Mr. Chairman, Members of the subcommittee. I
would be happy to answer any questions.

[Prepared statement of Dr. Merrill follows:]

PREPARED STATEMENT OF STEPHEN A. MERRILL

Mr. Chairman and Members of the Subcommittee, I am Stephen Merrill, Execu-
tive Director of the National Acadmies’ Program on Science, Technology, and Eco-
nomic Policy (STEP) , and I am here representing an Academy panel, chaired by
Alan Schriesheim, former Director of Argonne National Laboratory, that recently
issued a report, Aeronautics Innovation: NASA’s Challenges and Opportunities, cop-
ies of which have been supplied to the Subcommittee. I was the project director. As
you know, the Academy is charged by congressional charter of 1863 with providing
independent, objective technical and policy advice to the government.

The Aeronautics Research Mission Directorate (ARMD) of NASA—the first ‘‘A’’ in
NASA—seeks to create an environment that fosters the application of the results
of its R&D program in advanced airframe, engine, emissions, air safety, and air
traffic control technologies. Adoption of the technologies developed by NASA is de-
pendent on a variety of government and private sector clients or customers—the air-
frame and aircraft engine industries, the military services, and the regulatory and
operational arms of the Federal Aviation Administration. To help produce a more
robust innovation climate, ARMD under the previous associate administrator asked
the National Academies’ Science, Technology, and Economic Policy (STEP) Board to
identify from the private and public sectors practices, tools, and methodologies that
could maximize NASA’s ability to influence innovation outcomes positively.

The Academies assembled a committee composed of experts in private sector tech-
nology management, public policy and administration, and economics. A distinctive
feature of this committee was that although it included people experienced in dif-
ferent areas of aeronautics technology development it was not limited to stake-
holders but also included experts in information technology, optoelectronics, energy,
and materials and their application in industries quite remote from aviation. As a
result, although we lacked expertise in every facet of ARMD’s program we have a
somewhat broader perspective than some other observers and participants. We orga-
nized two public workshops, visited three of the NASA research centers engaged in
aeronautics R&D (Ames, Glenn, and Langley), and we interviewed center, program,
and project managers and others knowledgeable about NASA and the aerospace in-
dustry. Finally, we reviewed the large volume of reports published in the past few
years on the aerospace industry and government policies affecting it. Although we
did not have the benefit of the results of the Academies’ Decadal Survey of Civil
Aeronautics, we did consult other recent work of the Aeronautics and Space Engi-
neering Board, the Commission on the Future of the Aerospace Industry, the Aero-
space Industries Association, the National Institute of Aerospace, and numerous
other public and private bodies.

By most of these accounts, the Nation has pressing economic and security needs
in aviation ranging from meeting increasing international competition in aircraft
and engines to expanding air travel capacity while maintaining safety and reducing
adverse environmental impacts. In addressing these needs, NASA can play an im-
portant role that is not served by other parties, and previous Academy reports have
found that NASA’s R&D portfolio generally exhibits high technical merit. In spite
of this broad support for a robust federal—and, in particular, NASA—role in civil
aeronautics technology development, the aeronautics research budget has declined
steadily over several years. This is shown in the accompanying figure, at least
through 2000.
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There is, in fact, a growing discrepancy between the needs said to be served by
NASA’s program and the resources available to it. Yet there is no agreed upon ar-
ticulation of what the program should be trying to accomplish in this budget envi-
ronment. Lacking clear direction from policy-makers, ARMD and its predecessors
have been attempting to do as much or more with less, spreading resources too thin-
ly to ensure their effectiveness and the application of the R&D results.

Why did this concern our committee, which was charged with the task of recom-
mending better techniques for transitioning technology? The answer is precisely be-
cause modern innovation management in a resource-constrained environment has as
a first principle identifying and adequately supporting the highest priority projects
and winnowing out the less important ones. Unless ARMD, in consultation with all
stakeholders, develops a clear mission focus in better alignment with the resources
available to it, any other managerial advice we might offer is of little utility in help-
ing meet the Nation’s needs in aeronautics.

This issue, of course, came to a head last year when the President’s sharply re-
duced FY 2006 request for ARMD forced a radical scaling back of plans for the vehi-
cle systems R&D program (VSP), limiting it to the pursuit to the demonstration
stage of only four of the technology development activities in its portfolio. In the FY
2006 Appropriations Act, Congress rejected the proposed cut and restored the
ARMD budget to its FY 2005 level or slightly above. Now the administration is back
with a proposed 20 percent budget reduction in FY 2007 and a new plan to refocus
the aeronautics program on fundamental research. Meanwhile, the NASA Author-
ization Act of 2005 called on the administration to prepare a policy statement on
aeronautics, presumably so that program’s future direction can be thoroughly aired
and some sort of executive branch-congressional consensus developed. We believe
that objective is critical to move the program off what the committee considers ‘‘a
glide path to irrelevance.’’

Our committee was not asked nor constituted to redefine the government’s role
in civil aviation nor to recommend what NASA’s aeronautics R&D priorities should
be or how the program should be reorganized. We do, however, offer some general
guidance in our report.

• A strategic focus for NASA aeronautics that is in line with its budget, per-
sonnel, and technical capabilities is likely to result in a reduced mission scope
and portfolio, but one with greater potential to achieve innovation in air
transportation.
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• The portfolio should reflect stakeholder needs. There should be ongoing con-
sultation with customers and users. In our view the behind-closed-doors de-
velopment of the FY 2006 VSP revision, whatever its technical merits, ne-
glected this lesson.

• The portfolio should also be closely aligned with the core competencies of the
NASA research centers and those of the external performers that the agency
supports.

• There is a strong case for NASA to continue to pursue ‘‘public good’’ areas
of R&D work—those closely related to safe and efficient air traffic manage-
ment, environmentally more benign aviation operations (i.e., pollution and
noise reduction), and the certification of equipment and standards. These are
areas where the market is unlikely to produce the optimum level of innova-
tion and where NASA’s technical capabilities are in some respects superior
to those of regulators and operators.

• If ARMD is to sustain its relevance and support, it should continue to have
a portfolio quite diversified in terms of the stage of technology being devel-
oped, even if that means significantly fewer projects. Many of the users of
NASA-developed technologies have limited technical capability and/or operate
in a risk-averse environment. In either case they require outside suppliers to
deliver fairly well-proven technologies.

• Refocusing the NASA aeronautics program exclusively on fundamental re-
search may appear to be a reasonable strategy given the current outlook for
funding, but it risks losing the support industry stakeholders, without which
the program cannot compete effectively for resources.

If the aeronautics R&D program is more strategically focused, the committee be-
lieves there are a number of principles derived from innovation management theory
and public and private sector practice that would facilitate implementation of
NASA-developed aeronautics technologies. We categorize these as transition man-
agement tools, flexible personnel practices, and financial management to minimize
the disruptive effects of externally imposed demands on resources.

MANAGEMENT FOR TRANSITION
ARMD should implement and regularize for all relevant projects organization-

wide a series of management tools aimed at fostering technology transition to users.

• ARMD should cultivate close relationships with external customers and users,
engaging them very early in jointly conceptualizing, planning, and
prioritization of R&D activities and sustaining regular involvement through
the implementation phase.

• ARMD should use decision processes, sometimes referred to as decision gate
processes, at predetermined points to establish common expectations among
customers, leaders and the technical team throughout the development proc-
ess, to clarify goals, schedules, deliverables, concrete target performance
metrics and review templates, and to set decision criteria and force account-
ability of all constituents involved. Documented planning for technology tran-
sition (i.e., hand-off) to external stakeholders should be a universal manage-
rial practice for all ARMD R&D projects.

• ARMD needs to work aggressively to solidify its reputation as a trustworthy,
reliable partner.

• The Joint Planning and Development Office (JPDO), the multi-agency entity
charged with developing a plan for a modernized air traffic control system,
may be a model for future ARMD technology development projects requiring
close external collaboration. The committee could not evaluate the experience
with JPDO to date, but it found the concept sufficiently promising to consider
employing in other contexts.

• The variety of technologies and the diversity of stakeholder capabilities re-
quire increased ARMD flexibility and variability with regard to project time
horizons and stage of technology development.

PERSONNEL MANAGEMENT PRACTICES
ARMD should implement more flexible personnel practices, increase incentives for

creativity, and actively manage existing constraints on staffing decision-making to
minimize their innovation inhibiting effects. Several of these are authorized by the
Space Act of 1958 but are in quite limited use.
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• ARMD should increase rotation and seconding of personnel to and from its
several research centers and its external partners as a tool for enhancing
staffing and access to needed competencies, securing early engagement of
partners, and facilitating technology transitioning.

• ARMD should foster external customer contact early in and throughout the
careers of technical personnel.

• ARMD should pilot test a dual track, pay-for-performance program similar to
that in place at the Air Force Research Laboratory.

• ARMD should allow its R&D personnel some small fraction of their time for
‘‘free thinking’’ and encourage its use by organizing regular events to show-
case employee ideas; external stakeholders should be invited to participate in
these events.

• NASA should expand its Centennial Challenges program to offer high profile
aeronautics prizes of a magnitude sufficient to generate considerable partici-
pation and public attention.

FINANCIAL MANAGEMENT
ARMD should structure financial management to minimize the disruptive effects

of externally imposed demands on resources and one-size-fits-all accounting rules.
• NASA should modify full-cost pricing for ARMD test facilities use, with

charges more closely aligned with marginal costs.
• AMRD should work with the Office of Management and Budget and Congress

to establish separate centrally-funded budget lines for national infrastructure
and facilities maintenance.

• Because mid-stream changes are in the nature of research and development
ARMD should establish greater budget and milestone flexibility through cen-
trally-funded pools and contingency accounts.

• ARMD should explore establishing Working Capital Fund structures for wind
tunnels and aeronautics R&D services.

• ARMD should negotiate with congressional sponsors of directed funding and
recipients to align mandated activities better with established programs. If
this is not possible, directed funding should be separated in budget account-
ing and in management.

Even if NASA implemented these recommendations regarding transition planning
and personnel and financial management, successful innovations would still be im-
peded by the policy differences and budget realities facing ARMD and its research
centers. Until the divide is bridged and a consensus mission supported by adequate
resources, this committee’s management advice, although potentially useful, is a
secondary priority.

Thank you, Mr. Chairman, for this opportunity to present our findings and rec-
ommendations to the Subcommittee. I would be pleased to answer any questions the
Members have.

Committee on Innovation Models for Aeronautics Technologies
ALAN SCHRIESHEIM, Argonne National Laboratory (ret.), Chair
MEYER J. BENZAKEIN, Ohio State University
JEROME E. GASPAR, Rockwell Collins
GLENN MAZUR, Japan Business Consultants, Ltd., and University of Michigan

(ret.)
HENRY (HARRY) McDONALD, University of Tennessee
DUNCAN T. MOORE, Infotonics Technology Center and University of Rochester
JOSEPH MORONE, Albany International, Inc.
MARK B. MYERS, Wharton School, University of Pennsylvania
NICHOLAS VONORTAS, George Washington University
TODD A. WATKINS, Lehigh University
DEBORAH WINCE-SMITH, Council on Competitiveness
Project Director
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STEPHEN A. MERRILL, The National Academies
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Stephen Merrill has been Executive Director of the National Academies’ Board on
Science, Technology, and Economic Policy (STEP) since its formation in 1991. With
the sponsorship of a growing number of Federal Government agencies, foundations,
multi-national corporations in various sectors, and international institutions, the
STEP program has become an important discussion forum and authoritative voice
on technical standards, trade, taxation, human resources, and statistical as well as
research and development policies. At the same time Dr. Merrill has directed sev-
eral STEP projects and publications, including Investing for Productivity and Pros-
perity (1994); Improving America’s Schools (1995); Industrial Research and Innova-
tion Indicators (1997); U.S. Industry in 2000: Studies in Competitive Performance
and Securing America’s Industrial Strength (1999); Trends in Federal Support of Re-
search and Graduate Education (2001); and A Patent System for the 21st Century
(2004). For his work on the latter project he was named one of the 50 most influen-
tial people worldwide in the intellectual property field by Managing Intellectual
Property magazine and earned the Academies’ 2005 Distinguished Service Award.

Dr. Merrill’s association with the National Academies began in 1985, when he was
principal consultant on the Academy report, Balancing the National Interest: Na-
tional Security Export Controls and Global Economic Competition. As a consultant
he also contributed to Academy studies in the areas of science policy, manufac-
turing, and competitiveness. In 1987 he was appointed to direct the Academies’ first
government and congressional liaison office. During his tenure as Executive Director
of Government and External Affairs the Academies received a steadily increasing
number of congressional requests for policy advice.

Previously, Dr. Merrill was a Fellow in International Business at the Center for
Strategic and International Studies (CSIS), where he specialized in technology trade
issues. For seven years until 1981, he served on various congressional staffs, most
recently that of the Senate Commerce, Science, and Transportation Committee,
where he organized the first congressional hearings on international competition in
biotechnology and microelectronics and was responsible for legislation on techno-
logical innovation and the allocation of intellectual property rights arising from gov-
ernment-sponsored research.

Dr. Merrill holds degrees in political science from Columbia (B.A., summa cum
laude), Oxford (M. Phil.), and Yale (M.A. and Ph.D.) Universities. In 1992 he at-
tended the Senior Managers in Government Program of the John F. Kennedy School
of Government at Harvard University. From 1989 to 1996 he was an Adjunct Pro-
fessor of International Affairs at Georgetown University.

Chairman CALVERT. I thank the gentleman.
Dr. Romanowski, you are recognized.

STATEMENT OF DR. MICHAEL ROMANOWSKI, VICE PRESIDENT
FOR CIVIL AVIATION, AEROSPACE INDUSTRIES ASSOCIATION

Dr. ROMANOWSKI. Chairman Calvert, Representative Udall, I
would like to thank you and the Space and Aeronautics Sub-
committee for the opportunity to testify at today’s hearing on be-
half of the Aerospace Industries Association.

AIA is the Nation’s largest trade organization in the aviation,
space, and national defense sectors. Our companies employ 627,000
people in high wage, high skill jobs in all fifty states. AIA has
strong views on the status and direction of NASA’s aeronautics re-
search program that I would like to discuss today.

Mr. Chairman, in your first question in your preparatory letter,
you asked how we would assess the direction of NASA’s aero-
nautics program, and in particular, you asked if NASA’s emphasis
on foundational research was appropriate. If I can rephrase this to
ask is U.S. industry satisfied with the direction of NASA aero-
nautics, I can respectfully say the short answer is no.

Mr. Chairman, our nation’s federal investment in aeronautics re-
search is at a crossroads, and the consequences to our nation are
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potentially serious. If NASA is to remain at the forefront of aero-
nautics research, it is critical that significant changes are made to
the proposed funding levels and research plans. As Representative
Davis highlighted a little earlier, looking at the proposed 2007
funding level of only $724 million, NASA’s aeronautics budget is
facing a 50 percent reduction over the last 15 years.

Mr. Chairman, AIA applauds the leadership and concern for the
state of aeronautics both the Congress and this committee showed
last year, when it mandated two very important things. First, it
mandated a real increase in NASA’s aeronautics funding. It pro-
vided a $60 million funding increase above the fiscal year 2006 re-
quest. And as Representative Udall highlighted, it also mandated
the Administration develop a national aeronautics policy, to reflect
the critical role of aeronautics to the long-term U.S. competitive-
ness. It also required the development of integrated research road-
maps, to drive long-term funding and programmatic decisions.
Now, these are long-term, not dependent on just the next budget
cycle.

Mr. Chairman, we are extremely concerned that significant cuts
and redirection are being made to NASA’s aeronautics program be-
fore the national aeronautics policy is written and its research
roadmaps are delivered. Once made, this direction may be difficult
to reverse.

We are also very concerned that NASA is eliminating transi-
tional research, like cutting edge demonstrations or validation ac-
tivities, including its X-Planes, and focusing only on fundamental
research. These transitional programs have proven both highly val-
uable and inspiring in the past, and they are necessary for the fu-
ture.

We all know that the U.S. air traffic is at a point close to grid-
lock. Approximately 10 percent of our U.S. economy is directly tied
to aviation, and the failure to develop and implement the next gen-
eration air transportation system, or NGATS, will hamper our eco-
nomic growth.

However, while NASA is sustaining cuts, critical research needed
for NGATS is unfunded, missing from the work plans of any gov-
ernment agency, including NASA. The failure to do this important
research in a timely way could result in significant delays or prob-
lems developing and implementing NGATS. It is estimated that an
addition $200 to $300 million per year of transitional research is
needed in vital areas to make NGATS a reality.

We applaud the House for recently adding $100 million above the
2007 NASA aeronautics request. However, we note that this will
still result in an almost $88 million less than last year’s enacted
funding level. We respectively request that Congress continue to
show its leadership on this issue by providing at least level funding
for the 2007 NASA aeronautics budget, while fully funding NASA’s
space exploration and science activities. We believe that NASA
must step up and use those restored funds exclusively on transi-
tional R&D programs, like prototypes and demonstrations needed
to develop and implement NGATS.

Mr. Chairman, your second question asks what NASA should do
to ensure its research is relevant to the long-term needs of indus-
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try, is used by industry, and promotes the development of the aero-
nautics workforce.

The most important thing, Mr. Chairman, is that NASA should
fully engage its government, industry, and academic stakeholders
as partners, and they should work together with the stakeholder
partners to develop a program that is consistent with national ob-
jectives like NGATS, and the roadmaps being developed along the
lines of the national aeronautics policy. Key elements of those road-
maps should span advanced fixed-wing and rotary-wing vehicle,
propulsion technologies, manned and unmanned systems, subsonic,
supersonic, and hypersonic fields.

We are encouraged by the development of the national aero-
nautics policy and roadmaps. However, we believe that additional
collaboration and public review is necessary to ensure that these
meet our country’s long-term needs. AIA stands ready to assist in
any way, as NASA moves forward developing its aeronautics re-
search program.

The final question you asked, Mr. Chairman, was AIA’s com-
ments on the conclusions and recommendations of the Decadal
Study. First off, I would like to commend Dr. Kaminski and the
National Academies on a well-written, concise, and thorough re-
port, and AIA generally agrees with the conclusions and rec-
ommendations that are made in the report.

There are two areas we would like to amplify that go beyond the
Decadal Study, however, and these are discussed in detail in my
written statement. First, the report does not provide the rec-
ommended funding profiles for its research priorities, as Dr.
Kaminski indicated. We would like to see these in the future. We
believe that would help make funding, the proper funding deci-
sions.

And also, the report lists some technologies as a low priority be-
cause they impacted only one or two strategic areas. However,
these will all play an important part in NGATS, and that raises
an important question for us. If NASA will not conduct this type
of research, transitional research, who will?

And I thank you once again, Mr. Chairman, for the opportunity
to share the perspectives of AIA on the NASA’s aeronautics pro-
gram, and I would welcome any questions that the committee has.

[The prepared statement of Dr. Romanowski follows:]

PREPARED STATEMENT OF MICHAEL ROMANOWSKI

Introduction
Chairman Calvert, on behalf of the Aerospace Industries Association of America

(AIA), I wish to thank you, Representative Udall, and the Space and Aeronautics
Subcommittee for the opportunity to testify on the status of civil aeronautics re-
search and development (R&D) at NASA. I would like to commend NASA for their
commitment to the Vision for Space Exploration (VSE) and for requesting the Na-
tional Academies’ study on its workforce. I am honored to serve on this panel.

As you may know, AIA represents more than 100 large companies and 170 small-
er business suppliers that employ 627,000 highly skilled workers. We operate as the
largest trade association in the United States across three sectors: civil aviation,
space systems, and national defense. Maintaining U.S. aviation leadership is critical
to our national economic health and national security. Aerospace provides our na-
tion’s largest trade surplus ($40 billion in 2005), while U.S. companies continue to
invest heavily in R&D, spending more than $50 billion over the last 15 years.

The United States’ federal investment in aeronautics research is at a cross roads.
Around the world, governments are taking aim at our commercial aviation indus-
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try—increasing their investment and making commercially relevant aeronautics
R&D a top priority. Meanwhile, the United States continues to de-emphasize non-
military aeronautics research. For example, while NASA continues to downsize and
internalize its aeronautics program, implementation of the European Union’s R&D
plan Vision 2020 is accelerating. This trend will have a serious impact on the Na-
tion’s competitiveness, national security, and position as the world’s leader in aero-
nautics research. As a result, rather than leading the world in the development of
next generation aviation products, services and infrastructure, the United States
will take a backseat to the products created by other nations: products supported
by policies, rules and incentives designed to disadvantage United States’ solutions.

The sections of my testimony, Mr. Chairman, correspond with the three questions
that you posed in the witness letter of invitation.
How would you assess the Aeronautics Research Mission Directorate’s pro-
gram goals and strategies? Is NASA’s emphasis on foundational research
appropriate? Given the resources currently allocated to it, is ARMD prop-
erly structured, and is it pursuing the right lines of research?

Mr. Chairman, the United States’ role as the world leader in aeronautics is at risk
due to sustained cuts to the NASA aeronautics budget. NASA’s Aeronautics Re-
search Mission Directorate (ARMD) budget has seen consistent cuts over the last
13 years. From a funding level of $1.54 billion in FY 1994, cuts to the ARMD budget
have resulted in a more than 50 percent reduction, with a proposed FY 2007 fund-
ing of only $724.4 million.

This committee showed its leadership and concern for the state of aeronautics last
year when it mandated in the 2006 NASA Reauthorization Act that the administra-
tion create a National Aeronautics Policy that reflects the critical role of aeronautics
to U.S. long-term competitiveness. This document, scheduled to be completed by No-
vember 2006, needs to provide a framework and a roadmap that sets the path for
answering the questions that this committee determined as key for the long-term
future of domestic aeronautics research and not just the next budget cycle. Instead,
significant cuts are being made to the ARMD before the policy is written.

Excessive decreases in funding endanger the future of U.S. leadership in the glob-
al aviation industry. The risk is compounded by NASA’s redirection and internaliza-
tion of planned research. If NASA is to remain at the forefront of aeronautics re-
search, it is critical that significant changes are made to the proposed aeronautics
funding levels and research plans. The recently marked-up appropriations bill cuts
almost $88 million in ARMD funding from last year’s enacted level. While NASA
is sustaining cuts, critical research for the Next Generation Air Transportation Sys-
tem (NGATS) is unfunded and missing from the work plans of any governmental
agency. It is estimated that an additional $200–$300 million of transitional research
is needed each year in vital areas such as air traffic modernization, environment
and safety in order to implement this important multi-agency system.

With the U.S. air traffic system close to the point of gridlock, only the trans-
formational improvements of NGATS can address capacity shortfalls and other long-
term growth needs. The U.S. air transportation system and aviation industry are
national assets that directly impact the U.S. economy and drive its long-term
growth. They are also integral to national security. Approximately 10 percent of the
U.S. economy is directly tied to aviation.

The new NASA ARMD research direction largely eliminates cutting-edge dem-
onstration or validation activities (including X planes) that have proven both highly
valuable and inspiring. Abandoning transitional R&D demonstrations removes a
major tool used to validate fundamental research projects and to conduct research
that cannot be performed in laboratories or on computers. Cutting-edge demonstra-
tion or validation programs are also vital for establishing the standards and regula-
tions necessary to field many new capabilities.

NASA plays a critical role in the way Americans view our place in the world; as
the world leader in space exploration, science programs and aeronautics research.
These programs are far too important to be pitted against one another in annual
funding battles. Increased funding for aeronautics research at NASA should not
come at the expense of other important agency priorities, but from an overall NASA
budget increase. In the FY 2006 NASA budget, Congress took the first step in re-
versing the detrimental decline in ARMD funding by providing an increase of $60
million over the FY 2006 request. We respectfully request that Congress continue
to show leadership on this issue by providing at least level funding of $912.3 million
in the FY 2007 NASA aeronautics budget. NASA must step up by using restored
funds exclusively on transitional R&D programs with an emphasis on the prototypes
and demonstrations needed to develop and implement NGATS.
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What should NASA be doing to ensure that its research is relevant to the
long-term needs of industry and is used by industry? What should NASA be
doing to help keep the academic research enterprise healthy and to ensure
an adequate supply of aeronautics engineers and researchers?

This year marks the 50th anniversary of the landmark X–1 project. This project
exemplifies the inspiration and vision we need to attract America’s best and bright-
est to aerospace careers. In addition to providing valuable applicable technical
knowledge, the X–1 project defined and solidified the post-war cooperative merger
between U.S. military needs, industrial capabilities, and research facilities. These
are all vital elements of what should be in a national aeronautic policy.

Instead, NASA has retreated from its engagement with industry while focusing
program development and execution internally—this must be reversed. NASA must
fully engage its government and private sector stakeholders. For example, NASA
should plan and conduct its research program in conjunction with government and
private sector stakeholders to support the NGATS research needs identified by the
Joint Planning and Development Office (JPDO).

Although the development of the National Aeronautics Policy is encouraging, ad-
ditional collaboration is necessary to ensure that the policy meets our long-term
needs. This new policy must ensure continued U.S. leadership and set the vision
that lays the foundation for a healthy research enterprise and drives stable budg-
etary and program decisions across all federal aeronautics R&D. Rather than
hosting a one-time meeting to listen to stakeholders, the administration needs to
partner with academia, users, and manufacturers to create a transparent public de-
velopment and review process for the policy.

The policy must be supported by robust technology roadmaps that are developed
in concert with government, industry, and academia. The individual scientists and
engineers in any of these areas are not in the best position to determine how, when
and whether the technologies they investigate will be utilized. It takes industry and
government technical leaders working together at the strategic level to determine
what research should be pursued. To ensure that programs linked to tactical and
strategic roadmap goals are appropriate and adequately supported, regular govern-
ment stakeholder meetings to evaluate progress, goals, and means should be spon-
sored by each federal agency that funds aeronautics research. Ensuring a relevant
role for the university community will also guarantee that new engineers and sci-
entist graduates have skills that are relevant to their future industry and govern-
ment employers.
What is your reaction to the conclusions and recommendations of the
Decadal Survey?

I commend the National Academies on a well written, concise and thorough report
on aeronautic research needed in the next ten years. The Aerospace Industries Asso-
ciation agrees with the five common themes the study identified among the 51 high-
priority research challenges. We also agree that NASA needs to create a more bal-
anced split in the allocation of aeronautics R&D funding between in house research
(performed by NASA) and external research (by industry and/or universities).

Though we commend the use of the qualified function deployment (QFD) process
to rank the need and importance of R&D projects, it is essential to also define their
funding needs. When using reports like this to stress the importance of federal R&D
spending, without specific figures, these priorities lose importance and are harder
to quantify. The QFD also ranks many aeronautic R&D challenges as low priority
due to their impact on only one or two ‘‘Strategic Objectives.’’ Research in smaller,
lighter, and less expensive avionics; more efficient certification processes; design, de-
velopment, and upgrade processes for complex, software-intensive systems; and se-
cure network-centric avionics architecture and systems all will play a part in
NGATS. If NASA will not fulfill its mission directive and conduct this type of transi-
tional research, the question becomes who will?

The American public, our national competitive standing, and industry are ad-
versely affected by dramatic redirection of research priorities. A national policy
would minimize dramatic redirecting of aeronautics research and provide industry
with confidence regarding future federal research priorities for future business in-
vestment.

The National Aeronautics Policy must be consistent with the government’s his-
toric research role and promote the continued United States leadership of civil and
military aeronautics research, and pragmatically address issues of leadership, vision
for the future, relevance of research, and transition from research to development.
The policy should support the development and stable funding of integrated re-
search roadmaps in advanced fixed and rotary wing aircraft and propulsion as well
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as the subsonic, supersonic and hypersonic fields. Industry is willing and prepared
to assist the administration in the development of the national policy and subse-
quent research roadmaps.

Thank you once again, Mr. Chairman, for this opportunity to share the perspec-
tives of AIA on the civil aeronautics R&D at NASA.

Chairman CALVERT. Thank the gentleman.
Dr. Moin, you are recognized.
Dr. MOIN. Mr. Chairman.
Chairman CALVERT. You might check to see if your mike is on.
Dr. MOIN. Oh, sorry.
Chairman CALVERT. There you go.
Dr. MOIN. Mr. Chairman and the honorable Committee Mem-

bers.
Chairman CALVERT. Your mike still isn’t on.
Dr. MOIN. Not working.
Chairman CALVERT. There you go.

STATEMENT OF DR. PARVIZ MOIN, PROFESSOR, MECHANICAL
ENGINEERING, STANFORD UNIVERSITY, DIRECTOR, INSTI-
TUTE FOR COMPUTATIONAL AND MATHEMATICAL ENGI-
NEERING

Dr. MOIN. My name is Parviz Moin, and I am a Professor of Me-
chanical Engineering and Computational Mathematical Engineer-
ing at Stanford University.

My field of research is turbine and flow physics and computa-
tional aerodynamics and propulsion. I am the editor and on the edi-
torial boards of five international journals on computational meth-
ods and flow physics, which keeps me reasonably abreast of global
research activity in these areas. Before joining Stanford as a fac-
ulty member, I did postdoctoral study at NASA Ames Research
Center, and subsequently, was hired as a civil servant research sci-
entist there.

Mr. Chairman, in my testimony, I will address the four questions
that you asked me in your invitation letter of June 13, 2006.

In reference to Aeronautics Research Mission Directorate goals
and strategies, I do believe that NASA’s emphasis on foundational
research is very appropriate. Foundational research is precisely
what NASA should be doing. In fact, given the limited resources
that the Aeronautics Directorate has been allocated, only
foundational research is what it can do successfully.

In my opinion, NASA’s role in aeronautics research should be as
a bridge between academia, which conducts fundamental research,
and industry, which ultimately ensures the preeminence of the
United States in aerospace technology. As such, NASA should in-
spire and support the best minds in this country, to carry out fun-
damental research relevant to aerospace industry. To be an effec-
tive bridge, however, NASA engineers and leadership should be of
the highest technical caliber, in order to be respected and listened
to by both academia and industry. In this regard, Administrator
Griffin should be commended for appointing an outstanding tech-
nical team at the highest leadership levels of the agency.

The Aeronautics Directorate should strive to preserve the tech-
nical expertise that remains at NASA, and more importantly, to
make a valiant effort to replenish its technical workforce. In
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achieving this goal, NASA needs this body’s help in alleviating
some of the administrative constraints it is facing.

Your second question had to do with the major technological and
competitive challenges facing the aeronautics industry. I think the
main competitive technical challenge facing the civil aeronautics
industry is the projected increase in air traffic capacity in the next
ten to fifteen years, and the related performance and environ-
mental issues, such as noise and harmful emissions. Progress in
these areas is very much dependent on a better understanding of
the underlying physical phenomena, and the subsequent develop-
ment of high fidelity predictive models.

What is needed here is increased coordinated foundational re-
search in these areas. Considerable emphasis for research along
these lines in the recent NASA Research Announcement, NRA,
which solicited basic and applied research proposals, demonstrates
that the Aeronautics Directorate leadership is clearly aware of
these foundational technical challenges, and is taking action to deal
with them.

The European Union has already taken the lead in devoting sub-
stantial research resources to multinational coordinated research
programs for development of high fidelity predictive tools. In recent
times, they have been more open in trying new ideas and leading
edge technologies.

Japan has been sustaining a strong long-term research program
in their aeronautics, and especially in high speed flight, and China
has recently expanded its research activity in aerospace science
and technology. It is noteworthy that both countries have received
major contracts from Boeing. In particular, Japan is manufacturing
the main wing-box of the Boeing 787, its latest commercial aircraft.

Although it is not directly related to the near-term competitive
challenges facing the civil aeronautics industry, I believe the Aero-
nautics Directorate has a critical role to play in the area of
hypersonics, with application to both manned and robot space ex-
ploration missions.

Foundational research in physics-based modeling is required for
high speed, large payload planetary entry, descent, and landing.
The Aeronautics Directorate has the technical means to take the
lead in this area, but the necessary resources, in my opinion,
should be provided from the space exploration mission.

Your third question had to do with the emphasis, the renewed
emphasis of the Aeronautics Directorate on computational and
physics-based modeling. Computational science has been recognized
as the third leg of the stool representing 21st Century science, to-
gether with theory and experimentation. Computations enable us
to investigate phenomena where economics or physical and envi-
ronmental constraints preclude experimentation. I invite you to see
the recent report of President’s Information Technology Advisory
Committee in this regard.

The last 20 years have seen the rise of computer-aided engineer-
ing in almost every technical sector. Today, many aspects of prod-
uct development, design, optimization, performance analysis, and
certification rely heavily on the use of computations. Computers
are also the latest resource available for scientific discovery.
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Over 30 years ago, the visionary leaders of NASA and its highly
acclaimed research staff pioneered the development of the dis-
cipline of computational aerodynamics and its transition to indus-
try. Today, computational modeling is an integral part of aircraft
and engine design, and is responsible for dramatic reductions in
the required expensive wind tunnel and engine tests, as you can
see in—I wanted to see the first chart, perhaps—which shows, in
this chart, you see the number of tests required, wind tunnel tests,
and then, for aircraft, is done for wing design, and shows the num-
ber goes down significantly with the introduction of computations.
New high fidelity—but I would like to say that the computational
modeling is an integral part of aircraft and engine design, and is
responsible for dramatic reductions in the required expensive wind
tunnel and engine tests.

However, in spite of its successes, computational engineering is
far from being predictive for complex engineering systems. New
high fidelity methods, physics-based modeling research, computer
science, and validation and verification tools, including tighter cou-
pling to laboratory experimentations, are required before achieving
predictive status.

Over the past five years alone, the supercomputer power has in-
creased by two orders of magnitude. Because of this, there now ex-
ists new opportunities to conduct high fidelity integrated computer
simulations of complex engineering systems. Therefore, NASA is
clearly correct to increase its emphasis on computational and phys-
ics-based modeling. NASA has invested in supercomputer hard-
ware, and should continue to do so. There is also a clear emphasis
in computational and physics-based modeling in NASA’s recently
released NRA. However, to reestablish its technical preeminence in
this area, NASA needs to retain its existing knowledgebase, and
build on it by carefully complementing and replenishing its work-
force with young, talented Ph.D. engineers.

Question number four, and the final question, had to do with the
status of recruiting graduate students to the aeronautics programs.
There does not appear to be any pronounced decline in the enroll-
ment of graduate students in the top rank aeronautical engineering
departments, and in related engineering fields in the United
States.

However, a disturbing new phenomenon for NASA is that the
agency appears to be a less attractive choice for most of these high-
ly skilled engineering Ph.D. graduates. Back in the late ’70s, when
I joined NASA, the agency was considered a top competitive career
choice for many of the most talented engineers in the country. They
were attracted to the agency for its unique research facilities, and
for working with and being mentored by some of the most illus-
trious technical leaders in aeronautics in this country.

According to the 2005 membership directory of the National
Academy of Engineering, only two active employees of NASA’s aer-
onautics field centers have the distinction of membership in the
Academy. This is disproportionately low for the country’s leading
aeronautical research enterprise.

Finally, as you are undoubtedly aware, about one half of engi-
neering Ph.D. graduates in the United States are foreign born. Due
to various cumbersome and, in my opinion, often unnecessary re-
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strictions, given the global current economy, it is extremely difficult
for this technical workforce to be employed by the civil aerospace
industry or NASA. I believe it is in our country’s best national in-
terest to embrace this enormous technical resource, and provide op-
portunities for these U.S. graduates for postdoctoral fellowships in
NASA, and employment in civil aeronautics industry, and for even-
tual full citizenship.

[The prepared statement of Dr. Moin follows:]

PREPARED STATEMENT OF PARVIZ MOIN

Mr. Chairman and the honorable Committee Members,
My name is Parviz Moin and I am a Professor of Mechanical Engineering and

Computational and Mathematical Engineering at Stanford University. My field of
research is turbulent flow physics and computational aerodynamics and propulsion.
I am the editor and on editorial boards of five international journals on computa-
tional methods and flow physics, which keeps me reasonably abreast of global re-
search activity in these areas. Before joining Stanford as a faculty member, I did
a Postdoctoral study at NASA-Ames and subsequently was hired as a civil servant
research scientist there.

Mr. Chairman, in my testimony I will address the four questions that you asked
me in your invitation letter of June 13, 2006.
1. How would you assess the Aeronautics Research Mission Directorate’s

(ARMD) program goals and strategies? Is NASA’s emphasis on
foundational research appropriate? Given the resources currently allo-
cated to it, is ARMD properly structured, and is it pursuing the right
lines of research?

In reference to Aeronautics Research Mission Directorate (ARMD) goals and strat-
egies, I do believe that NASA’s emphasis on foundational research is very appro-
priate. Foundational research is precisely what NASA should be doing; in fact, given
the limited resources that the ARMD has been allocated, only foundational research
is what it can do successfully. In my opinion, NASA’s role in aeronautics research
should be as a bridge between academia, which conducts fundamental research, and
industry which ultimately ensures the preeminence of the United States in aero-
space technology. As such, NASA should inspire and support the best minds in this
country to carry out fundamental research relevant to aerospace industry. To be an
effective bridge, however, NASA engineers and leadership should be of the highest
technical caliber, in order to be respected and listened to by both academia and in-
dustry. In this regard, Administrator Griffin should be commended for appointing
an outstanding technical team at the highest leadership levels of the agency. The
Aeronautics Directorate should strive to preserve the technical expertise that re-
mains at NASA, and more importantly, to make a valiant effort to replenish its
technical workforce. In achieving this goal, NASA needs this body’s help in alle-
viating some of the administrative constraints it is facing.
2. What are the major technological and competitive challenges facing the

civil aeronautics industry over the next ten to fifteen years, and how
well does the Aeronautics Research Mission Directorate’s program at-
tempt to address them?

The main competitive technical challenge facing the civil aeronautics industry is
the projected increase in air traffic capacity in the next 10 to 15 years, and the re-
lated performance and environmental issues such as noise and harmful emissions.
Progress in these areas is very much dependent on a better understanding of the
underlying physical phenomena and the subsequent development of the high fidelity
predictive models. What is needed here is increased coordinated foundational re-
search in these areas. Considerable emphasis for research along these lines in the
recent NASA Research Announcement (NRA) which solicited basic and applied re-
search proposals, demonstrates that ARMD leadership is clearly aware of these
foundational technical challenges, and is taking action to deal with them. The Euro-
pean Union has already taken the lead in devoting substantial resources to multi-
national coordinated research programs for development of high fidelity predictive
tools. In recent times they have been more open in trying new ideas and leading
edge technologies. Japan has been sustaining a strong long term research program
in aeronautics and especially in high speed flight, and China has recently expanded
its research activity in aerospace science and technology. It is noteworthy that both
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countries have received major contracts from Boeing and in particular, Japan is
manufacturing the main wing-box of the Boeing 787, its latest commercial aircraft.

Although it is not directly related to the near term competitive challenges facing
the civil aeronautics industry, I believe, ARMD has a critical role to play in the area
of hypersonics with application to both manned and robot space exploration mis-
sions. Foundational research in physics-based modeling is required for high speed
large payload planetary entry, descent and landing. ARMD has the technical means
to take the lead in this area, but the necessary resources, in my opinion, should be
provided from the space exploration mission.
3. What advantages can be gained by having NASA increase its emphasis

on computational- and physics-based modeling? Why should NASA be
pursuing this technology? Does NASA have the workforce and facilities
to conduct this research?

Computational science has been recognized as the third leg of the stool rep-
resenting 21st century science, together with theory and experimentation. Computa-
tions enable us to investigate phenomena where economics or physical and environ-
mental constraints preclude experimentation (see recent report of President’s Infor-
mation Technology Advisory Committee). The last twenty years have seen the rise
of computer-aided engineering in almost every industrial sector. Today, many as-
pects of product development, design, optimization, performance analysis and certifi-
cation rely heavily on the use of computations. Computers are also the latest re-
source available for scientific discovery. Over thirty years ago the visionary leaders
of NASA and its highly acclaimed research staff pioneered the development of the
discipline of computational aerodynamics and its transition to industry. Today com-
putational modeling is an integral part of aircraft and engine design and is respon-
sible for dramatic reductions in the required expensive wind tunnel and engine
tests. However, in spite of its successes, computational engineering is far from being
predictive for complex engineering systems. New high fidelity methods, physics-
based modeling research, computer science, and validation and verification tools, in-
cluding tighter coupling to laboratory experimentation are required before achieving
predictive status.

Over the past five years alone, the super-computer power has increased by two
orders of magnitude. Because of this there now exists new opportunities to conduct
high fidelity integrated computer simulations of complex engineering systems.
Therefore, NASA is clearly correct to increase its emphasis on computational and
physics-based modeling. NASA has invested in super-computer hardware and
should continue to do so. There is also a clear emphasis in computational and phys-
ics-based modeling in NASA’s recently released NRA. However, to reestablish its
historical preeminence in this area, NASA needs to retain its existing knowledge
base and build on it by carefully complementing and replenishing its workforce with
young talented Ph.D. engineers.

A solid experimental program is vital for physics-based model development and
validation of computer simulations. NASA should continue to invest in its unique
facilities, and should cooperate with universities in small-scale laboratory experi-
ments.
4. What has been the experience, of late, with respect to universities re-

cruiting students into post-graduate aeronautics-related research pro-
grams?

There does not appear to be any pronounced decline in the enrollment of graduate
students in the top ranked aeronautical engineering departments and in related en-
gineering fields in the U.S. However, a disturbing new phenomenon for NASA is
that the agency appears to be a less attractive career choice for most of these highly
skilled engineering Ph.D. graduates. Back in the late seventies when I joined NASA,
the agency was considered a top, competitive career choice for many of the most tal-
ented engineers in the country. They were attracted to the agency for its unique re-
search facilities and for working with, and being mentored by, some of the most il-
lustrious technical leaders in aeronautics. According to the 2005 membership direc-
tory of the National Academy of Engineering, only two active employees of NASA’s
aeronautics field centers have the distinction of membership in the Academy. This
is disproportionately low for the country’s leading aeronautical research enterprise.

Finally, as you are undoubtedly aware, about one half of engineering Ph.D. grad-
uates in the United States are foreign born. Due to various cumbersome and in my
opinion, often unnecessary restrictions given, the current global economy, it is ex-
tremely difficult for this technical workforce to be employed by the civil aerospace
industry or NASA. I believe, it is in our best national interest to embrace this enor-
mous technical resource and provide opportunities for these U.S. graduates for
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postdoctoral fellowships in NASA, and employment in civil aeronautics industry and
for eventual full citizenship.

BIOGRAPHY FOR PARVIZ MOIN

Parviz Moin is the Franklin P. and Caroline M. Johnson Professor of Mechanical
Engineering at Stanford University. He received his Bachelor’s degree in Mechanical
Engineering from the University of Minnesota in 1974 and his Master’s and Ph.D.
degrees in Mathematics and Mechanical Engineering from Stanford in 1978. He
held the posts of National Research Council Fellow, Staff Scientist and Senior Staff
Scientist at NASA Ames Research Center. He joined the Stanford faculty in Sep-
tember 1986. He founded the Center for Turbulence Research and the Stanford’s In-
stitute for Computational and Mathematical Engineering. Currently he is Director
of the Center for Turbulence Research and the Department of Energy’s Advanced
Simulations and Computing Center at Stanford. He is actively involved in the edi-
torial boards of the Annual Review of Fluid Mechanics, the Journal of Computa-
tional Physics, the Physics of Fluids, SIAM Journal of Multi-Scale Modeling and
Simulation, and the Journal of Flow Turbulence and Combustion.

Prof. Moin pioneered the use of direct and large eddy simulation techniques for
the study of turbulence physics, control and modelling concepts and has written
widely on the structure of turbulent shear flows. His current interests include: aero-
dynamic noise and hydro-acoustics, flow control and optimization, large eddy sim-
ulation, turbulent combustion, aero-optics, parallel computing and numerical meth-
ods.

He has been awarded NASA’s Exceptional Scientific Achievement Medal, NASA
Outstanding Leadership Medal, the Lawrence Sperry Award of the American Insti-
tute of Aeronautics and Astronautics, the Humboldt Prize of the Federal Republic
of Germany, and the Fluid Dynamics Prize of the American Physical Society. Prof.
Moin is a Fellow of the American Physical Society and is a Member of the National
Academy of Engineering.
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DISCUSSION

PRIORITIES FOR AERONAUTICS PROGRAM

Chairman CALVERT. Thank you, Doctor.
I have got a couple of questions I want to get the panel on the—

views on the record. And this would be for the entire panel, except
for Dr. Kaminski.

Do you think that the Decadal Survey proposes a sound set of
priorities for the aeronautics program, one. And the next two ques-
tions are pretty much the same. Are there any areas where you
take exception to this survey, and did the survey miss anything
that you think should have been included?

So, Dr. Merrill, I will start with you.
Dr. MERRILL. Well, it would be unwise for a member of the Acad-

emy staff to question the results of another Academy study.
I think they have done an excellent job, and I note that some of

the emphasis on, also, the other witnesses on the sort of crisis in
capacity, and environmental challenges ahead are very high pri-
ority.

Chairman CALVERT. Dr. Romanowski.
Dr. ROMANOWSKI. Yes, Mr. Chairman. As I indicated in our

statement, we do think, by and large, the Decadal Study is a very
good document. It does provide an excellent roadmap with the ca-
veat that there are few areas that we saw as—because of the char-
acteristics of the quality function deployment methodology used,
where it didn’t emphasize certain areas, if they only ranked into
one or two strategic areas, we think that with the addition of ad-
vanced avionics technologies, more efficient certification processes,
more advanced processes for the complex, software-intensive sys-
tems, and secure network center avionics architecture and systems.
With those additions, those things that are going to be critical to
NGATS, we think that they have a very fine roadmap.

Dr. MOIN. I do believe it was an excellent study. There are a cou-
ple of points that I would shift the priorities, or perhaps put more
emphasis on. One area is the hypersonics area, which the Decadal
Study did emphasize as important. I also feel that it is very impor-
tant, especially for space exploration, going to the Moon and Mars,
and I think the Aeronautics Directorate can play a significant role
in this area, but I don’t think it has the means and the budgetary
resources to be able to do so, and perhaps, some of the funding for
this research can come from the space exploration groups.

With regard to the emphasis on disproportionate allocation of re-
sources within the Aeronautics Directorate to the in-house services,
I think that the Aeronautics Directorate is, perhaps, between a
rock and a hard place in this respect. They have civil servant em-
ployees that there are no clear paths of how to adjust the numbers,
and therefore, they had to allocate a significant fraction, which I
believe, actually, is about 75 percent of their resources, for the in-
house programs.

Chairman CALVERT. Thank you.
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NASA PROGRAM RESTRUCTURING

Dr. Kaminski, over the last year, as you know, NASA, that is the
reason we are here, has significantly restructured its aeronautics
program to focus more, as has been mentioned in testimony, on
basic research.

Can you give us your assessment on how the Decadal Survey
compares with what NASA is proposing in its own restructured
program, and are there any specific areas identified in the survey
which NASA, again, has not addressed in this restructured pro-
gram?

Dr. KAMINSKI. Mr. Chairman, my sense overall here is it is a lit-
tle soon to tell, because pieces of the NASA program are still being
implemented as we speak.

I think I and you would be in a much better position to answer
that question in about a year, to see how things are deployed, and
how the program is actually exercised. I don’t think the scope of
funding available to NASA in the President’s budget request is
going to be adequate to cover the scope that was listed in our 51
prioritized areas.

Chairman CALVERT. During the testimony, Doctor, I am kind of
getting out of order on these questions, but it occurred to me, when
you were talking about computational advancements over the last
number of years, and you know, I read that the, those advance-
ments are going to even go faster in the next number of years. A
lot of the infrastructure that NASA has today in wind tunnels, you
know, the graph that shows the number of wind tunnel tests going
down dramatically, do you believe that NASA should take a very
strong look at that cost, that infrastructure cost, that it has, and
not only operating those wind tunnels, but maintaining those tun-
nels?

Dr. MOIN. I think maintaining those tunnels are absolutely es-
sential for the agency. They are unique national facilities, and all
of these computational-based studies will ultimately need the wind
tunnel tests for validation, especially——

Chairman CALVERT. So, even though the efficiencies, in effect, if
you are not operating a piece of equipment as often as you used
to, your operational costs per hour, by definition, will go up, but
you still need—you are stressing that you still need to maintain
that infrastructure, in order to validate the computational——

Dr. MOIN. Correct. Correct.
Chairman CALVERT.—evaluations that you are coming up with.
Dr. MOIN. Precisely, yes. The energy cost, energy input, of

course, will not go up, the power required for these, but the man-
power required to keep the staff to maintain them, yes, will stay
constant, even though the number of tests eventually will go down.
But the number of tests particularly will go down for industry.
These facilities are, I think, always, usually are booked solid any-
way, and we will always need them for validation of the computa-
tional models.

Chairman CALVERT. Thank you. Mr. Udall.
Mr. UDALL. Thank you, Mr. Chairman.
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NASA RESEARCH PRIORITIES

Again, I want to acknowledge the panel, and the great insight
you have brought to the committee today.

I mentioned in my opening statement that I think NASA needs
a vigorous program of basic research, and I think all of you agreed
in your testimony. However, one of the messages that I take away
from the two National Academies reports, as well as from Dr.
Romanowski’s testimony is that while basic research is important,
NASA can’t limit its aeronautics program to just basic research if
it is going to make real progress.

Dr. Kaminski and Dr. Merrill, is that a correct interpretation of
what your reports are saying?

Dr. KAMINSKI. From the Decadal Survey, yes. Our assessment is
we need some balance across the timeframes from basic research
to occasionally be able to do some demonstrations of the integration
of the technology. Where the rubber meets the ramp, when you ac-
tually have to build something, and verify and validate the tools
that you are developing. That has to be done from time to time.

Mr. UDALL. Dr. Merrill.
Dr. MERRILL. The answer is yes, and I think important to em-

phasize that from somewhat different perspectives. The Decadal
Study, from a very detailed look at NASA’s portfolio, and ours,
from a more ten thousand foot level look at the capabilities of, and
economic incentives that apply to the potential users of NASA tech-
nologies.

Mr. UDALL. Dr. Romanowski, would you care to comment?
Dr. ROMANOWSKI. Yes, thank you, Representative Udall.
Yes, obviously the basic, fundamental, foundational research that

NASA does is important, but there is this, there is a broad gap be-
tween that foundational research that can be done, and being able
to make business case decisions on how to implement that tech-
nology, or whether that technology is able to be implemented.

And there is, as Dr. Moin indicated, there is a bridge that needs
to be built, and that bridge is the transitional research, and that
is where we feel, that is a critical portion of what NASA needs to
do. That comes from a variety of areas for implementing capabili-
ties. There is potential for supersonic civil flights, but there needs
to be work done to establish a baseline for regulation and noise
perception for the types of aircraft that would be able to fly
supersonically without a sonic boom.

There are also research that needs to be done, if we look at
NGATS, there is a lot of work being done by NASA on the funda-
mental side of air traffic management, but before systems can be
developed and built that use the 4D trajectory modeling and that
sort of thing, there has to be validation of those capabilities before,
and you need to be able to set standards to design and build those
systems and certify those systems before they can be put into use,
so that transitional research, that bridge between the fundamental
and the product, need to go, needs to be done, or else we won’t be
able to implement those technologies.

Mr. UDALL. Dr. Moin, if I might just re-characterize my question.
You seemed to be, at least from my interpretation, saying that
NASA should limit its aeronautics programs to just basic research.
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If so, would you respond to what the other witnesses have shared
with us?

Dr. MOIN. My statement, given the current resources, and lim-
ited resources, I think that is essentially all NASA can do. In an
ideal world, if NASA had twice its allocation, financial allocation,
yes, it could engage into successful demonstration projects as well.

My other comment is usually organizations, and this was the
case, I think, in the past, and I used to be at NASA, engage in both
fundamental, the entire spectrum, fundamental to demonstration.
At times of tight fiscal policy, it is the fundamental parts that gets
cut first, because of the need to push the technology and deliver to
the customer at that point.

Mr. UDALL. I hear you saying then, you look at the research dol-
lars available, you look at the portfolio NASA could embrace and
implement, and you are setting priorities. If you had additional re-
sources, I don’t hear you suggesting that we shouldn’t do more of
this transition-oriented research and development.

Dr. MOIN. Absolutely, yes.
Mr. UDALL. So, you would be supportive of that.
Dr. MOIN. Yes.
Mr. UDALL. But you are saying the world, this is how the world

is, not how we want it to be, and this is how you would like to see
us focus our——

Dr. MOIN. Yes, and the highest priority would be—if the budgets
are tight—the highest priority would be foundational research. I al-
ways feel that NASA’s responsibility ultimately is to the future
generation of Americans, to the taxpayers, and secondary, of
course, to the economy, and help the industry.

Mr. UDALL. I assume my time is expired, but I would note that
there are others who would say well, we still, in this constrained
resource environment, have to do more of the transitional work
somehow, but your point of view is well considered, and thank you
for your time.

Chairman CALVERT. Mr. Rohrabacher.

POLICIES TOWARDS CHINA

Mr. ROHRABACHER. Thank you very much. I would just like to
take maybe a different approach, and see what the panel would
say.

Where does decisions, or where do the decisions that we have to
make, in terms of industrial decisions that we have to make in
your future play into this? For example, Boeing, I understand, is
right now involved in making a determination whether or not that
they will be partnering with China on this.

It seems to me no matter what we do, in terms of financing at
the Federal Government level, that a decision as fundamental as
that is way beyond what we are talking about, in terms of the im-
portance of what this industry will look like in 10 to 20 years. I
personally would go on record to say that I will do anything that
I can to stop the partnering with China that will result in a Chi-
nese aerospace industry ten years down the road, simply for short-
term profits today. There is no reason for our country to sell out
future generations, simply to get us over a hump today.
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And I would like to ask the panel’s response to that. Don’t all
jump at one time now.

Dr. ROMANOWSKI. I will start. I will start by saying, Mr. Rohr-
abacher, that I think there are a lot of issues that go into those
kinds of decisions, and sometimes, those decisions are driven by
availability of technology. Sometimes, they are driven by market
access.

I think increasingly in the future, we are going to see some of
those decisions driven by the availability of suitable talent, which
is why I come back down to the importance of being able to develop
affiliations with universities, supporting a diverse research aero-
nautics base in our universities in the country, creating an exciting
environment for those graduate students that——

Mr. ROHRABACHER. You may well be right in the future, but that
is not what is right today. What is right today is they are making
deals for market access, and everybody knows that, and if we keep,
of course, educating Chinese young people, so that they can go back
and out-compete our young people, maybe in the future, we will
face that. The fact is that Chinese graduate students are getting
a better education than our own young people, and get, actually,
more support overall from their society, than do the young people
who go into engineering at graduate levels in our society.

But right now, Boeing is talking about setting up manufacturing
units in China, in order to have access to that market. And you are
right, maybe in the future, we may end up, if we don’t watch out,
having to have partnerships with these countries based on skill.
Right now, we have the skill, but would—are you folks generally
supportive of partnerships with, especially, countries like, well—
China is not a democratic society. I am opposing this because
China is a non-democratic society, and could well be our adversary,
but what is your general reaction to that idea of partnering, and
thus, setting up competitive situations overseas?

You are shaking your head down there, so maybe you would like
to——

Dr. MOIN. Well, Boeing is a global corporation in a global econ-
omy, and I think they make business decisions, how to handle it.
We are—I do not how the government can interfere with that. It
is their business decision to do so. Do I support it or not? That is
something I have to think about. I mean, for example, as I men-
tioned in my testimony, Boeing just granted the construction of the
wing-box of 787, which is really, if you talk to some Boeing engi-
neers, they call it the crown jewel of their airplanes.

Mr. ROHRABACHER. Correct.
Dr. MOIN. To Japan.
Mr. ROHRABACHER. At least Japan is a democratic society.
Dr. MOIN. Yes.
Mr. HONDA. It wasn’t before.
Dr. MOIN. It was not before.
Mr. ROHRABACHER. No, it wasn’t before. I hope we don’t have to

go through the same thing with China in order to get it there.
Mr. HONDA. Well, if the gentleman would yield for a second, you

talked about long-term versus short-term, if we are looking at long-
term, in the context of what we are looking at today in our own
country, I don’t think our witnesses have said it, but what I am
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hearing all the way through this testimony is we ain’t got the
money, and since we ain’t got the money, we got to make choices
that are difficult, between NASA research, long-term research, and
that has, in itself, impact on education——

Mr. ROHRABACHER. Well, reclaiming my time for one moment.
Mr. HONDA. Sure.
Mr. ROHRABACHER. I will say once, and I know you have been

here a while, but I have been here 18 years, and it is always the
money. It is always the money, the money, the money, the money,
and that is not what it is all about. The fact that there are major
decisions made by leaders in industry and in government that are
not just monetarily driven, that have huge impacts on our competi-
tiveness, and on the direction of our industrial infrastructure, and
our ability to succeed in the future.

Partnering is one of them, and who we partner with is one of
them. And so——

Chairman CALVERT. The gentleman’s time has expired.
Mr. ROHRABACHER. Yes, thank you very much.
Chairman CALVERT. Mr. Honda, you are now recognized on your

own time.
Mr. HONDA. Thank you.
Picking up on that, partnering is, it seems to me, based upon

profits and how we can make do with what we have got, and
maybe I haven’t been here eighteen years, but using my friend
from California’s phrase that I really love. I hate to be the skunk
in the garden party. Look, I am just going to say, you know, it boils
down to our fiscal portfolio that we put out there, because these
kinds of discussions were not a debate when we were moving for-
ward in a very fiscally responsible way, and now, we are asking the
gem of our country, NASA Ames, to make a choice whether we
should have A in NASA or S in NASA, when NASA should be com-
plete, and move forward.

And so, I think, in the words of Pogo, you know, we have seen
the enemy, and he is us, you know, and I think we need to look
at our own way of how we do business before we, as we move
through this, and reconsider how we do business in this country,
and how we run our own ship, and I think that if we do that prop-
erly, we won’t have testimonies like this. Rather, we would be talk-
ing about how well we can take advantage of foreign students, and
they would become our citizens. If you come to Silicon Valley, 10
percent of our CEOs are foreign born, and yet, they stay here, and
got their citizenship, and created thousands of jobs, and been the
economic engine and the innovative engine of our country, if not of
this world. And we all benefit from it, and I think we can learn
from this whole thing, what we call it, globalization now.

We are a country of diasporas, and we need to take advantage
of that for the benefit of our future, and if we don’t take care of
those kinds of basic things here in this country now, then we shall
pay the penalty in the future, and as my friend said, you know, we
have some serious concerns about our, the folks across the ocean,
and we should. We should not be naive, but at the same time, we
can model as we partner with them, and have certain expectations
of them, as well as ourselves.
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So, I invite the challenge, but I think that to ask questions
about, you know, what should we, what is the priority, and have
them make those difficult choices, is maybe a fair question, but it
is a question that is necessitated by our own fiscal shortsighted-
ness.

And I appreciate the chairman’s indulgence, and my colleagues’
indulgence, and it is not that bad to be a skunk at the garden
party once in a while. And I thank my friend from California for
teaching me that phrase.

Chairman CALVERT. Thank the gentleman. I would point out, in
the NASA budget, even though in our authorization budget that all
of us worked on, which unfortunately is not being funded to the
same level during, as you know, in the appropriations process,
every aspect of NASA has been cut, including the exploration budg-
et. One of the reasons the CEV is not going to be online by 2012
is because we don’t have enough money in the exploration budget,
so we may have as much as a two to four year gap. Hopefully, the
gap is not as long as we had during the Apollo-Gemini period, but
it is still a gap there, and aeronautics certainly take a cut, science
has taken a cut.

And as you know, the Senate bill has requested an additional $1
billion, in their allocation, and you know, I am a fiscal conserv-
ative, but as you know, all of us have been here a long time, NASA
has been flat-lined during the, in the ’90s had a zero increase, and
so, in real expenditures, really took the biggest cut of any, probably
any agency in the Federal Government, outside of possibly one
other aspect of government.

So, I think we really need to take a strong look at this, and as
we move through this appropriations process, because I hate to see
exploration and science and space fight one another, because that
is not going to get us anywhere. We are all going to end up being
net losers in that process. So, we need to work together to try to
increase the top line allocation, in order to make sure that we
maintain our superiority.

And with that, Mr. Forbes, you are recognized for five minutes.

AERONAUTICS BUDGET

Mr. FORBES. Thank you, Mr. Chairman.
I would like to follow up on some of the chairman’s comments.

They always say to go to a car lot and try to look at a car, and
not be able to figure out the price and what it is going to cost. And
if you look at three reports, the 2002 Aeronautics Blueprint, 2002
Report of the Commission on the Future of the U.S. Aerospace In-
dustry, and the 2005 National Institute of Aerospace report, as I
understand those reports, they basically conclude that U.S. com-
petitiveness in the aerospace industry is in jeopardy without a sub-
stantial, long-term, sustained investment in aeronautics research,
and Dr. Kaminski and even the Decadal Survey of Civil Aero-
nautics makes some recommendations to accelerate NASA’s aero-
nautics program. I would conclude, basically, that you, as a pan-
elist, don’t feel that the 2007 budget for Aeronautics Research Mis-
sion Directorate responds adequately to the conclusions presented
in those reports.
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My question for you is this. If the NASA Authorization Bill is di-
recting the Administration to develop a national aeronautics policy
by the end of this year, to guide NASA’s aeronautics research pro-
gram, my question is what kind of investment will NASA have to
make in the coming years to ensure that this policy, whatever it
comes out to be, is a blueprint, rather than just a wish list. Any
idea of the kind of investment we are looking at?

Dr. KAMINSKI. Mr. Forbes, since our committee didn’t, was not
chartered, in fact, we were asked not to make budget recommenda-
tions. I can’t speak for the committee or our study. I can speak per-
sonally.

Mr. FORBES. What I am asking.
Dr. KAMINSKI. And from a personal perspective, I think it is im-

portant to keep in mind two other issues before I comment on level
of funding. Stability of funding for this kind of activity is extremely
important, so I could not recommend a program that made a 20 or
30 percent increase in one year with the expectation that we might
not have it next year, or one wants to build a stable foundation,
because you can’t control the people and the education and the in-
frastructure by just turning a knob. This takes a few years to ab-
sorb, and a few years to wind down, and so, that stability is key.

There is also a need for a balance in this program, a balance be-
tween internal expenditures at NASA and external expenditures.
We want to bring our universities into the program. We want to
bring industry into the program, for transfer, and also, for the
statement of needs. So, that interaction is very key. There also
needs to be a balance, as we have spoken about, in terms of under-
lying research base, and demonstrations from time to time, to be
able to actually build some things, and see whether they prove out,
the research underlied that pace.

If I look to see what kind of program funding is required to make
a reasonable cut at what is in this decadal program base, my own
sense is that it is about the twice the budget that we are working
with me. That is just a personal opinion.

Chairman CALVERT. I thank the gentleman. Ms. Jackson Lee,
you are recognized.

FUTURE OF NASA

Ms. JACKSON LEE. As always, I would like to thank the Chair-
man and the Ranking Member of the Subcommittee, Chairman of
the Subcommittee, for their timeliness and innovativeness on these
hearings.

I do want to acknowledge the witnesses, as well. I am going to
take my time to really focus on NASA as a whole. This is particu-
larly timely, inasmuch as we face, this hearing, at the backdrop of
a very successful Shuttle, if you will, launch, and now, reentry.
And certainly, questions were raised as to whether or not that was
even possible.

I think that the discussions, the thrust that the focuses that we
have had, or the focus that NASA has had, have done somewhat
of a disservice to civil aeronautics is probably true. And certainly,
it is not only a question of vision, but it is a question of resources,
and we would be disingenuous if we did not indicate that much of
what has been probably discussed is the lack of money, because
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when the President announced about two years ago the focus on
the Mars mission, it was with great fanfare and enthusiasm. And
we also know that research and space exploration also adds to civil-
ian better quality of life.

But choices had to be made, and so, it took and takes billions of
dollars to have an effective space exploration program, and you
shortchange research, you shortchange focus on civil aeronautics,
you shortchange basic science. All of these are valuable assets or
parts of the NASA program that have now been shortchanged. So,
I think this hearing really should be about adding not only to the
vision, but to the resources, so that the words of the witnesses
could be emphasized.

I happen to be celebrating the new culture of safety that has oc-
curred at NASA. Interestingly enough, there was great debate and
some drama, right before Discovery launched, the disagreement be-
tween safety engineers, the overriding of their decision by the Ad-
ministrator based upon his, in his viewpoint, thorough vetting, but
even that airing of disagreement had never occurred before, to my
knowledge, at least in my tenure here in the Congress, and prob-
ably would have saved some lives of the individuals who lost their
lives in Columbia, if there had been that kind of vetting.

Interestingly enough, as it launched, and I met with the Admin-
istrator in my office just the day before he went down to Kennedy,
and talked even more about these issues, but we saw, even in
space, the detailed review of the Shuttle, to determine whether any
damage had occurred, something new, and as well, the cautious re-
view to whether or not we should reenter, and of course, adding
weather conditions and otherwise.

That should be celebrated. So, I don’t want to see the idea of a
vision to underestimate the importance of a new attitude at NASA
as we coax through a blueprint or an expanded blueprint for
NASA. My thoughts would be that we need to focus, if you will, on
finding the resources, so that we can be complete in NASA’s mis-
sion.

AERONAUTICS AND THE VISION

With that in mind, I would like to just ask this general question
for all to answer, and that is, do we have the sufficient grounding
for celebrating improvements that NASA has made, and do we
need a vision without funding? Isn’t funding a crucial aspect to any
expanded vision and any expanded emphasis on civil aeronautics?

Chairman CALVERT. Any gentleman can answer that question.
Dr. ROMANOWSKI. Can I answer it, or jump in, please? Thank

you, Mr. Chairman. Thank you for the question, Representative
Jackson Lee.

You are right. Implementation of the Vision in NASA is inte-
grally tied to the funding at NASA. Right now, the NASA aero-
nautics program is facing a 20 percent budget cut for the coming
year, if no changes are made by the Congress. It is very difficult
to implement the types of research that we believe are necessary,
and that are not only necessary for the health of NASA, for the
health of our universities and industry, but also, the health of our
economy.
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You know, if we look back several years, pre-9/11, we look at the
news, the news was entirely about the lack of capacity at our air-
ports, and the disruptions and delays. We are seeing a lot of that
now in the summertime, because capacity is where it was back
then. We haven’t made the improvements, and traffic is back at
pre-9/11 levels. We know, unfettered, the growth in traffic would
triple over the next 20 years here in the United States, but right
now, we are faced with implementing, we need to develop and im-
plement a new next generation air transportation system that can
accommodate that growth. That takes resources.

As I mentioned in my statement, the current estimates, prelimi-
nary estimates that we are hearing indicate $200 to $300 million
per year for transitional research are necessary to implement those
changes, and those are not just critical for NASA. They are not just
critical for industry. They are critical to our economy, because our
economy is continually more dependent on aviation and services
provided by aviation. So, it is something we need to do. Thank you.

Ms. LEE. Anyone else? Anyone else want to comment on whether
safety improvements have been a positive step for NASA?

Dr. MERRILL. I am sure they have, but I wanted to address your
general point about whether an increase in resources is necessary
to achieve an expanded vision for NASA aeronautics, and I think
the panel has unanimously agreed that that is the case, and prob-
ably, that increased resources are needed to even maintain the mis-
sion of NASA aeronautics, as diverse as it has been over the years,
going forward.

Now, the—I guess the encouraging thing about the last couple of
years is that NASA has recognized that it can’t do everything, and
that it, and to continue to do everything, they have spread re-
sources too thinly, they have stretched out projects too long. And
it is somewhat unsettling that the result, within a single Adminis-
tration in the last two years, has been a slimmed down sort of fo-
cused vision, that is much more—that is so diametrically different,
as the plan to revamp the vehicle systems program two years ago,
compared to the focus on fundamental research today. But at least
it is encouraging that NASA is presenting realistic options for Con-
gress to consider.

But I think the answer has to be that to do what any number
of commissions and panels have recommended that they attempt to
do is going to require considerable additional resources.

Chairman CALVERT. Thank you. The gentlelady’s time has ex-
pired.

Ms. LEE. I thank you. Thank the witnesses very much.

AERONAUTICS PRIZE

Chairman CALVERT. I would like to ask a couple of questions.
One, Dr. Merrill, very quickly, one of the key recommendations

in your report was that NASA offer a high profile aeronautics
prize. From my history class, Charles Lindbergh, you know, flying
to Paris to receive the $25,000 prize he received in 1927. I don’t
know what comparable number that would be today. But what
challenges do you think are appropriate, to pursue under a prize
program? Do you think that is worth doing? Obviously, you do, but
what goals would you put out there?
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Dr. MERRILL. I am not sure. I would leave that to the technical
experts on the panel and elsewhere to suggest candidates, but my
program is currently engaged in a study for NSF to implement fis-
cal year 2006 appropriations directive to establish an innovation
prize. I think we have become convinced that it is a useful, impor-
tant, and in many cases, successful instrument to promote innova-
tion, and that it is unfortunate that NASA has chosen to con-
centrate its attention for the challenge prize on Space Exploration.

Chairman CALVERT. I agree with you. I like incentives, and I
think if they are set right, that there are folks out there that still
work in their garage, and come up with some fantastic inventions.
I also want to ask for the panel. I am also on the Armed Services
Committee, and deal a lot with issues that we are dealing with in
our military, and I deal closely with DARPA.

Do you think that it would appropriate for NASA to have a
DARPA-like program, in order to pursue projects that are kind of
cutting edge? And I will start on this side here, with Dr. Moin.

Dr. MOIN. Well, in addition to what they have right now, yes.
Chairman CALVERT. Yes, I am talking about in addition to.
Dr. MOIN. Yes, I think——

NASA AND MILITARY RELATIONSHIP

Chairman CALVERT. And I will also ask the question, by the way,
just to kind of tie that in, how well does our civil aviation program
work with our military? It used to be, years ago, that NASA had
a very close working relationship with the Department of Defense.
Some people argue that that is not nearly as close as it used to be,
so you might just kind of tie that. Do you believe that to be the
case, or do you think that is changing?

Dr. MOIN. I think, given the fact that the research done in NASA
are mostly unclassified, and the research in the DOD side are clas-
sified. I think, given that fact, still I see a lot of interaction be-
tween them, certainly in the fundamental research areas, as the
Decadal Study also indicated.

In physics-based modeling, computational engineering, there is a
lot of crosstalk, combustion research, propulsion, there are different
areas of interest. For example, military is not necessarily inter-
ested in emissions and noise at the airports, but NASA is, and vice
versa. NASA is not necessarily interested in afterburners for the
propulsion system, et cetera.

But in the areas of common interest, like aeronautics, like super-
sonic, subsonic, hypersonic, there are many areas of overlap that
I think there is a very good collaboration, especially in the
foundational research areas.

Chairman CALVERT. Anyone else on the panel like to add to that?
Dr. Kaminski.

Dr. KAMINSKI. With respect to cooperation with the Department
of Defense, I think there is a lot of room for productive work there.
I go back three careers back for myself, when I was serving as an
officer in the Air Force, and I served for several years as Director
of the Stealth Program, got enormous benefit from, support from
NASA to that program, with the challenge of building the very best
antenna that we could build, and then every now and then, to see
if it would fly. Well, the NASA wind tunnels and aerodynamic ex-
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perience base were very helpful to us. And simply because of the
reduced scope of the program, there is less of that going on today.

Chairman CALVERT. Yes, Dr. Romanowski.
Dr. ROMANOWSKI. Yeah, well first off, on the subject of whether

DARPA, or NASA should have a DARPA-like capability, I think
that should be something that should be explored, as Dr. Moin
said, not a replacement for what NASA Aeronautics does, but
maybe an augmentation of their capability, that should be explored
and looked at. In terms of their relationship with DOD, in the past,
it has been very good, but over recent years, from what we have
seen, that engagement was discouraged, in many respects.

What we are seeing, though, is over the time, the recent advent
with the coming of the JPDO, with the coming of the national aero-
nautics policy, you are starting to see a little bit more movement
back towards cooperative arrangements between NASA, FAA,
DOD, on various activities, and that is something we believe is
very healthy, because there are a lot of synergies amongst the var-
ious government agencies that can be taken advantage of, both for
civil taking advantage of military technology, and military taking
advantage of civil capabilities.

Chairman CALVERT. Thank you. Mr. Udall.
Mr. UDALL. Thank you, Mr. Chairman.

FUTURE DIRECTION OF NASA AERONAUTICS RESEARCH

The three of you, or maybe Dr. Moin, you as well, I don’t want
to exclude you, and you will have a chance to comment. But you
seem to be saying that we need to take our research and tech-
nology initiatives to a higher level of maturity than would occur if
NASA were just to focus on basic research. I know we keep drilling
into this topic, but I think this is really the focus of the hearing,
at least from my point of view.

If so, how do we do this? Is it—for example, flight test dem-
onstrations, or prototype development, and do you have in mind a
fraction of what the overall NASA aeronautics budget could be de-
voted, such technology maturation efforts? And maybe we will start
with Dr. Kaminski.

Dr. KAMINSKI. I certainly may think it makes sense, in a bal-
anced program, to be able to move concepts from the research
phase to technology demonstration phase, and a component or a
subsystem demonstration level from time to time. Those aren’t
hugely expensive. Where the cost starts to go up very dramatically
is if you get to a flying prototype aircraft.

And so, even with an expanded budget, along the lines that I was
discussing, you will not be able to be doing a prototype aircraft pro-
gram like that every year. It will be a couple of year process in be-
tween, and you have to phase some of the other component or sub-
system demonstrations in such a way that perhaps you have a cou-
ple of building years where you demonstrate some of those, then
you believe you have enough things together to tie them together
and do a flying prototype.

But if one assembled an integrated program to be doing that on
a routine basis, I believe the kind of doubling of resources I was
talking about would make that possible on a sustaining basis, and
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I would also expect to see some cooperation, in terms of some in-
dustry funding on a partnership basis in some of those activities.

Mr. UDALL. But Doctor, you are suggesting perhaps if we turned
and headed in a different direction here, industry would see the op-
portunity, and a reason to perhaps put some of their resources
into——

Dr. KAMINSKI. They might share some——
Mr. UDALL.—join and do——
Dr. KAMINSKI.—some funding in that base, and in turn, benefit

from some of the NASA test facilities that are available.
Mr. UDALL. Dr. Merrill, would you care to comment on my initial

question?
Dr. MERRILL. I can’t be more specific than that, but I think that

makes a lot of sense.
Mr. UDALL. Dr. Romanowski.
Dr. ROMANOWSKI. Okay. Yes, thank you, Representative Udall.
First, the flight demonstrations, we believe, are extremely impor-

tant, and we look at that right now, it is our understanding that
some of NASA’s flight test capabilities, for example, their 757 fly-
ing testbed, are in jeopardy under the current framework. Those
things are important. They allow testout of advanced capabilities
in the airspace.

In terms of a percentage of the budget, in terms of the near-term,
I think we would say that that percent, we are looking at, if we
took the $724 million that is currently proposed by NASA for fiscal
year 2007, and if that level were restored, that would account for
a 20 percent budget that would account for these demonstration or
transitional research. We think that is a good starting point. As we
move forward, and build a more healthy NASA aeronautics pro-
gram, based on an integrated national aeronautics policy and the
like, that could grow over time, but certainly, that type of number
is a good starting point, particularly in light of the shortfalls we
know that exist for NGATS.

Mr. UDALL. If the panelists want to comment after the hearing
closes today, I am sure we will keep the record open, and I know
catching you with a question about a number is maybe something
you didn’t necessarily plan for, but if each of you would like to look
at that, and make a recommendation. I would certainly appreciate
it.

Dr. Moin, I didn’t want to isolate you from the other three, and
I think you did, you and I did have a conversation in regard to this
earlier, but if you wanted to comment——

Dr. MOIN. Yes.
Mr. UDALL.—as well, I would be happy to hear what you have

to say.
Dr. MOIN. It is my understanding that the grand total money

that NASA, through this recent NRA, National Research Initia-
tives, has allocated is $50 million, to all the universities and small
companies. That is discretionary money, in my opinion, after pay-
ing for the civil servant workforce and the facilities the NASA Aer-
onautics Directorate has, $50 million to support all the universities
for the fundamental research, and small companies.

Mr. UDALL. I see my time has expired. I might ask the Chairman
to include in the request for further information from the panel,
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particularly Dr. Kaminski, because you spent too much time, and
have such a comprehensive sense of what faces us.

And the question would be this, what specific measures can Con-
gress use to determine whether NASA has a successful and rel-
evant aeronautics research program. I think it would be very use-
ful, I know, to the Chairman, to me, and other Members of the
Committee.

Again, I thank the panel. This has been very, very informative
today.

Chairman CALVERT. I would advise my friend that I would ask
Members that are going to submit additional questions to do so
within a week, and we will allow our witnesses to answer those
questions in writing, and to add that to the record, so, for some fol-
low-up.

ROLE OF GOVERNMENT IN AERONAUTICS

Mr. Rohrabacher, you have one last round of questions.
Mr. ROHRABACHER. Yes, sir. Thank you very much.
Mr. Chairman, let me just note that I respect the fact that what

we are talking about here, and what your focus was is basically on
NASA’s role on American aeronautics competitiveness, and not just
an overall approach. But I think that we need to make sure that
we keep these things in perspective.

Like I say, that whenever we tend to focus too much on the gov-
ernment agency, we tend to just think more money is going to solve
a problem. And quite often, not just in this area, but other areas,
we find that more money does not necessarily mean better perform-
ance. And more, in terms of what we are talking about today, mean
more competitiveness.

I remember very well the same debate, and the same, you know,
set of hearings on the same topic of American competitiveness in
aeronautics 10 years ago, and at that time, the big issue of the day
was not what it is today, and if we take a look today, what we have
is the French and the Germans, and I guess the English, too, but
I think it is just the French and the Germans with the Airbus,
have their A380. They made that decision. They have come forward
now to compete with us, Airbus, in a big way they have expanded
in the last ten years.

However, it appears to me that they have made a fundamental
wrong decision of what direction to go. With all of their subsidies,
and with all of the French and German government involvement
in Airbus, I am predicting that the Boeing 787 is going to just out-
compete them and leave them in the dust. And in fact, we will be,
emerge from this competitive situation with Airbus, we will emerge
as the victors in this competition, and we will remain, again, the
premier aerospace power in the world, but not because of spending
by NASA. Maybe number one, because of good judgment on the
part of Boeing Corporation, which is, of course, may be perhaps in
a different relationship with our government than is Airbus with
their governments, which may lead them to bad decisions.

We also, just let us note, that we have a lot of cooperation with
the Defense Department, and maybe that gives us an edge, as com-
pared with the French and the Germans, in developing their aero-
nautics, and their commercial aeronautics, but let me add a couple
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other factors here, just for the record, so when we talk about the
issue of competitiveness, it is not just whether NASA spends more
money, but for example, the patent systems in Europe is totally dif-
ferent than the patent system in the United States. Now, let me
note that the big companies have tried to change our patent sys-
tems, so that it more reflects the European and the Japanese
model, which I believe would be enormously harmful to our coun-
try’s production of new and innovative ideas, but that is something
that has to be thrown in this.

And also, Mr. Chairman, let us not forget the general economic
policies of our government as a major factor in whether we are
competitive in areas like aeronautics. We have a system in the
United States Government that we have policies in place that we
Republicans can be very proud of, that permits corporations to
prosper and to succeed, and not just corporations that are anointed
by our government, as is Airbus in Europe, but a lot of corporations
have the same policies, and are not just anointed to a few, as is
the policy in Europe all too often.

So, let me just note there are other factors involved here, instead
of just NASA spending, although I think that some of the points
made about making sure that we maintain NASA’s ability to help
in joint technology development, and in, and for example, testing
facilities, et cetera. There are very good points, and we need to
make sure that those testing, that testing apparatus, and our abil-
ity to partner with our technology corporations, we shouldn’t let
that just go down and be depleted over the years.

So, I appreciate this hearing, and appreciate your guidance.
Thank you very much.

Chairman CALVERT. As always, I thank my friend from Southern
California, adjoining district, for his commentary and good ques-
tions.

I would like to end this hearing by saying I would, we were both
raised in Southern California, and the aerospace industry, when I
was a kid, it was basically oranges and aerospace. Maybe
Hollywood——

Mr. ROHRABACHER. My dad worked for Northrop.
Chairman CALVERT. Yeah, yeah. There was a little bit of Holly-

wood in there, maybe, and now, it is—the oranges have gone away.
God knows where Hollywood is, there up in Canada someplace, so
they are still around.

But the aerospace industry is still around, too, but there is not
the same industry as it used to be, but it is still an industry we
are very proud of in this country, and one that we actually export
a lot of products still. And we would hope that it stays competitive
for the next number of years.

Happily for Boeing, they made the right decision on the 787. I
was on their mockup yesterday, and I was on the 380 yesterday.
It is a big airplane. I just kept thinking how long will it take to
load it, and how long will it take to unload it, for those of us who
have to fly all the time. And—yeah.

Mr. ROHRABACHER. With that plane, it could go on for days.
Chairman CALVERT. Yeah, and we will be there by the time they

get through loading the airplane.
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But again, I want to thank our witnesses for attending today. I
am sure you will be getting some additional questions in writing.
We certainly appreciate your patience.

This hearing is adjourned.
[Whereupon, at 4:02 p.m., the Subcommittee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Paul G. Kaminski, Chairman, Steering Committee, National Research
Council’s ‘‘Decadal Survey of Civil Aeronautics’’

Questions submitted by Chairman Ken Calvert

Q1. Key Barriers to Objectives: You have highlighted two key barriers that must be
overcome before the objectives in the Decadal Survey can be accomplished. These
barriers are: (1) the certification process for new technologies; and (2) managing
changes resulting from inserting new technologies into complex systems, such as
the air transportation system. Can you expand on why these two barriers are
so critical and the ramifications if they are not adequately addressed? To what
degree does NASA’s current program address these barriers? What recommenda-
tions do you have for activities that would address these barriers?

A1. The first and third question can both be addressed in excerpts from the Decadal
Survey report:

Certification
Certification is the demonstration of a design’s compliance with regulations. For
example, before it can be operated by U.S. airlines, a new aircraft must be
shown to comply with U.S. federal aviation regulations. As systems become
more complex and non-deterministic, methods to certify new technologies be-
come more difficult to validate. Core research in methods and models for assess-
ing the performance of large-scale systems, human-interactive systems, non-de-
terministic systems, and complex, software-intensive systems, including safety
and reliability in all relevant operating conditions, is essential for NASA, be-
cause such research is currently beyond the capabilities of regulators such as
the FAA. The ultimate utility of this research will be significantly enhanced
through early and consistent coordination of technology maturation with the
FAA and other organizations responsible for certification of operational systems.
Furthermore, this research would be facilitated by collaboration with other or-
ganizations involved in advanced software development methods.
Certification can also be a major barrier to the ultimate implementation of

new technologies and operating concepts. In some cases, such as low-cost avi-
onics for general aviation, the cost of certification can be several times greater
than the cost of developing and manufacturing the product itself. Furthermore,
relying on empirical testing to demonstrate compliance with certification stand-
ards may not feasible for large-scale systems (including complex, software-inten-
sive systems and air traffic operating concepts) and human-in-the-loop behav-
iors, which are not the same in different operating contexts; in these cases, cer-
tification will be substantially aided by the use of design tools and design proc-
esses developed to mitigate concerns about design validity, safety, and reli-
ability. Certification issues can be showstoppers if not addressed early in the
R&T process. Thus, NASA should address the following concerns in its aero-
nautics R&T program:

• Systematic documentation and publication of model and design assump-
tions from the earliest stage of R&T development, to aid in a technology’s
ultimate certification.

• Ongoing iterative validation of models and design tools—and their speci-
fications—during their development, and verification of models and de-
sign tools relative to their specifications.

• Generation of databases and models from empirical data to provide a
basis for validation and certification.

• Establishment of community-accepted metrics, criteria, and methods for
validation and certification, to include principles of ‘‘design for certifi-
cation.’’

Recommendation 4. NASA should support fundamental research to create the
foundations for practical certification standards for new technologies.
Change Management, Internal And External
The air transportation system includes large organizations with long-standing
institutional cultures and business concerns that are impacted by—and some-
times resist—the introduction of new technologies. These organizations must be
motivated to participate in new operating concepts and to accept the risk of
change to improve performance. Changing an interactive system as complex as
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1 National Research Council (NRC). 2003. Securing the Future of U.S. Air Transportation: A
System in Peril. Washington, D.C.: The National Academies Press. Available online at http://
fermat.nap.edu/catalog/10815.html

2 A more detailed assessment of the management and organizational issues associated with
NASA aeronautics R&T appears in another recent report, Aeronautics Innovation: NASA’s Chal-
lenges and Opportunities. NRC. 2006. Washington, D.C.: National Academies Press. Available
online at http://fermat.nap.edu/catalog/11645.html

the air transportation system is difficult because it involves changing a large
number of individual elements, including equipment of many different kinds,
personnel training, institutional organization, and business models. Addition-
ally, the end state of the air transportation system remains undefined, so R&T
should create and maintain the flexibility to steer the system in any of several
different directions. This requires interdisciplinary applications of large-scale
systems engineering, organization design, economics, and financial analysis, an
approach which in some ways is beyond the current state of knowledge. Even
so, improved change management techniques are vital to a cost-effective, non-
contentious, and safe transition to the air transportation system of the future.
Change management within the Federal Government is particularly important

because of the major impact that federal agencies, regulations, and funding
have on the operation of the air transportation system and the development of
new aeronautical technologies. In addition, change management within the Fed-
eral Government is particularly difficult because of the complex internal organi-
zation of the Federal Government, with multiple independent agencies, com-
peting national priorities, and political factors that are beyond the control of
any one person or agency. One way to facilitate change in the midst of such
complexity is to establish strong, focused leadership that establishes a public/
private process for change that defines air transportation as a national priority,
produces a widely endorsed long-term vision of the air transportation system,
and coordinates action by interested organizations. The process should be care-
fully structured to accommodate the increasing complexity of the air transpor-
tation system, competing national and organizational priorities, and fiscal limi-
tations. The process should produce validated R&T requirements, a clear under-
standing of government and industry roles, and a plan to implement new tech-
nologies, operational concepts, and system architectures.1 The establishment of
the Next Generation Air Transportation System (NGATS) Joint Planning and
Development Office (JDPO) is an example of federal efforts to change inter-
agency relationships to improve change management in civil aviation.
The issues related to change management transcend NASA’s role as a single
agency. The Federal Government should continue to support the work of the
JPDO while conducting a high-level review of organizational options for ensur-
ing U.S. leadership in civil aeronautics.2

Recommendation 5. The U.S. Government should align organizational respon-
sibilities as well as develop and implement techniques to improve change man-
agement for federal agencies and to assure a safe and cost-effective transition
to the air transportation system of the future.

Since NASA’s current program has not yet been released, we are unable to com-
ment on the degree to which they address these two Key Barriers.
Q2. External Community: From your perspective, has NASA done a good job of

reaching out to its stakeholders, customers, and partners in developing its
plans? What do you recommend NASA do to improve those relationships?

A2. Two recommendations confirm the importance of reaching out to stakeholders
and involving them in the planning as well as the implementation of NASA aero-
nautics R&T, as follows:

Recommendation 6. NASA should ensure that its civil aeronautics R&T plan fea-
tures the substantive involvement of universities and industry, including a more
balanced allocation of funding between in-house and external organizations than
currently exists.

Recommendation 7. NASA should consult with non-NASA researchers to identify
the most effective facilities and tools applicable to key aeronautics R&T projects and
should facilitate collaborative research to ensure that each project has access to the
most appropriate research capabilities, including test facilities; computational mod-
els and facilities; and intellectual capital, available from NASA, the Federal Avia-
tion Administration, the Department of Defense, and other interested research orga-
nizations in government, industry, and academia.
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However, the scope of the report did not include evaluation of NASA’s plan devel-
opment, or the way in which it includes other stakeholders in the planning process.
My personal opinion is that NASA Aeronautics funding must have a larger external
component to effectively engage with universities and industry.

Q3. External Research: How much research should be contracted out to industry and
academia?

A3. As stated in the report:

‘‘As of January 2006, NASA seemed intent on allocating 93 percent of NASA’s
aeronautics research funding for in-house use. While the committee has no spe-
cific recommendation on the in-house/external split, it does not believe that such
a split would serve the best interests of NASA or the Nation.’’

The committee did not feel justified in naming a particular percentage split, but
it did conclude that a split of 93/7 would not adequately involve industry and aca-
demia. Also, the split should be such that it ensures that NASA can adequately per-
form five tasks:

‘‘(1) identify technologically important problems, the answers to which can ben-
efit the Nation, (2) advance important pre-competitive R&T that would not oth-
erwise be done, (3) leverage industry research funded by other agencies or in-
dustry itself, (4) ensure that the results of NASA aeronautics research take into
account relevant standards and practices, and (5) facilitate the transfer of re-
search results to industry so that they find valuable, real-world applications.’’

In addition, in my personal opinion, for purposes of determining whether industry
and academia are adequately involved in NASA R&T, the definition of in-house
funding should include funding used to pay for support service contractors and other
contractors who work on-site at NASA facilities essentially as adjunct NASA em-
ployees.
Q4. Organizational Options: Recommendation number eight states: ‘‘The U.S. Gov-

ernment should conduct a high-level review of organizational options for ensur-
ing U.S. leadership in civil aeronautics.’’ Can you give us some examples of or-
ganizational options that might be considered? Should we consider moving civil
aeronautics research out of NASA?

A4. In my personal opinion, aside from the ‘‘business-as-usual’’ approach, the range
of organizational options might include consolidating all aeronautics research under
another agency, which might be NASA, but might also be an agency such as a Na-
tional Aeronautics Agency, or a National Aeronatics Institute under DOT or DOC;
consolidating under an academic consortia, similar to the way AURA manages many
of the world’s observatories; or consolidating under a nonprofit, the way an FFRDC
is run. Moving civil aeronautics research out of NASA should definitely be consid-
ered.
Q5. NASA Research Facilities: If NASA’s aeronautics budget remains unchanged,

should NASA consider closing some of their research facilities, and dismissing
affiliated scientists and engineers, in order to bolster available research fund-
ing? How should NASA balance keeping key facilities and workforce in place,
with doing actual research?

A5. While the Decadal Survey committee was, in general, in favor of testing facili-
ties, and felt that it was important for NASA to ‘‘seek a business model that will
generate the optimal combination of income and utilization,’’ it deferred to a number
of other recent studies which are completely devoted to this topic, including:
Anton, P.S., E.C. Gritton, R. Mesic, and P. Steinberg. 2004. Wind Tunnel and Pro-

pulsion Test Facilities: An Assessment of NASA’s Capabilities to Serve National
Needs. Santa Monica, Calif: RAND Corporation. Available online at:
ntrs.nasa.gov/
index.cgi?method=ordering&oailD=oai:casi.ntrs.nasa.gov:20050199428

Kegelman, J. 2006. Wind Tunnel Enterprise. NASA Langley Research Center. Avail-
able online at: http://windtunnels.larc.nasa.gov/enterprise.htm

National Research Council (NRC). 1994. Aeronautical Facilities: Assessing the Na-
tional Plan for Aeronautical Ground Test Facilities. Washington, D.C.: National
Academy Press. Available online at: http://fermat.nap.edu/catalog/9088.html

NRC. 2004. Investments in Federal Facilities: Asset Management Strategies for the
21st Century. Washington, D.C.: The National Academies Press. Available on-
line at: http://fermat.nap.edu/catalog/11012.html
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My personal opinion is that a strategy that rules out the possibility of reducing
staff and facilities in the face of extensive budget cuts, such as those that the NASA
aeronautics program has endured over the last decade, is an unrealistic strategy
that avoids making hard decisions, but which exacerbates the corrosive effect that
budget cuts have on the quantity and quality of NASA aeronautics research, as a
greater and greater percentage of the budget is devoted to sustaining aging facilities
and an aging workforce that is oversized compared to the available funding. My
greatest concern about the current strategy and funding is the lack of ‘‘seed corn’’
(principally people) for the future.
Q6. Civil Research Aircraft: NASA is proposing to dispose of its fleet of civil aviation

research aircraft. They include a Boeing 757 and a mix of general aviation air-
craft. Given the direction of future aeronautics research, especially with the em-
phasis on foundational and airspace systems research, do you think it makes
sense for NASA to continue owning and operating these aircraft?

A6. As stated in the report,
‘‘It is important to note that (X-planes] are not limited to high TRL research.
While an X-plane may represent a system prototype (TRL 7), it may also be
used to observe basic phenomena, prove concepts, or validate a component or
subsystem (TRL 1–6).’’

A similar sentiment could be applied to other research aircraft. In addition, the
committee concluded that code validation is an extremely important role NASA can
play, which, in some cases, could require flight testing. NASA’s budget situation
may necessitate these sorts of decisions, but it is my opinion that a focus on funda-
mental research should not, in and of itself, preclude the necessity or value of re-
search aircraft.
Q7. Demonstration Projects: What are your views about NASA’s decision to drop the

four demonstration projects (zero emissions aircraft; subsonic noise reduction;
high altitude, long endurance, remotely piloted UAV; and sonic boom reduction)
proposed in last year’s budget? Would their results have been of limited value
to industry and government? Were their objectives too narrow in scope? In the
current budget, would they have squeezed out too much basic research?

A7. The report did not offer any comment on these specific projects. In my opinion,
at least two of these demonstrations should have been funded.. . .
Q8. Technology Maturity Level: How should NASA decide what technologies to pur-

sue to a higher maturity level, and to what level they should be taken?

A8. From the report:
‘‘NASA has historically supported research through TRL 6 and then transferred
research results to industry, with the expectation that industry would continue
development of new technologies through TRL 9. The [Decadal Survey] steering
committee, however, believes that different transfer points are often appro-
priate, because industry’s interest in developing new technologies varies based
on urgency and expected payoff. For urgent, high payoff applications, for exam-
ple, it may be sufficient for NASA to mature technologies to TRL 5.
When NASA is developing technologies for transfer to operational federal agen-
cies such as the FAA, the committee believes that research results should nor-
mally be transferred to industry first, to ensure product support, enhancement,
integration with other systems, and certification. For government agencies that
include an R&D mission, agency-to-agency transfer is appropriate, and such
transfers may occur at reasonably low TRLs (e.g., TRL 3).’’

Questions submitted by Representative Mark Udall

Q1. In your opinion, who should NASA’s aeronautics program be serving? What spe-
cific measures can Congress use to determine whether NASA has a successful
and relevant aeronautics research program?

A1. The Decadal Survey focused on civil aeronautics research.Absent a national aer-
onautics policy, the Committee concluded that the civil portion of NASA’s aero-
nautics portfolio should primarily serve the air transportation system, where

‘‘The air transportation system includes passenger and cargo airlines; general
aviation, including business aviation; and the national airspace system, includ-
ing airports, ATM facilities, and operational elements of the Federal Aviation

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00089 Fmt 6601 Sfmt 6621 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



80

Administration (FAA). U.S. civil aviation includes all of the above, plus manu-
facturers and research organizations in government, industry, and academia.’’

The Committee felt that the most important outcomes of a successful and relevant
aeronautics research program were capacity, ‘‘the maximum amount of people and
goods that can be moved through the air transportation system per unit time re-
gardless of environmental conditions,’’ and safety and reliability, ‘‘the ability of the
air transportation system to meet expectations with regard to reductions in fatali-
ties, injuries, loss of goods, and equipment damage or malfunction.’’ Secondary out-
comes were improved efficiency and performance that would ‘‘increase substantially
air transportation system capacity per unit resource,’’ and benefits to energy and
the environment that ‘‘minimiz[e] the negative impact of the air transportation on
the Earth, its atmosphere, and its natural resources.’’ In addition, a successful and
relevant program may have important synergies with the space program, and with
national and homeland security. However, these benefits should only come as a side
effect of other research that already satisfies some or all of the top four objectives.

In other words, research and areas such as hypersonics are important to the space
program and some military applications. However, in my opinion, the current ap-
proach to organizing and funding NASA aeronautics research, which includes re-
search applicable to civil aeronautics and the space program, makes the aeronautics
program at least in part, an adjunct to the space program, and it disguises the ex-
tent to which NASA’s traditional aeronautics program has been defunded in the last
decade by including funding for some space-related research within the aeronautics
program.
Q2. Among potential R&D funding areas within the NASA aeronautics budget, what

level of priority would you assign to supporting the plan of the JPDO for devel-
oping the next generation air transportation system?

A2. The committee felt that the two most important objectives of civil aeronautics
research were capacity and safety, which are also goals of the NGATS As a result,
many of the high priority R&T Challenges would have great relevance to the JPDO,
especially in Areas D and E. However, many of these technologies are long-term re-
search that might not come to fruition for decades. The committee did not specifi-
cally address the body of research that is considered to be in support of the JPDO.
However, my personal opinion is that in addition to the technologies in Areas D and
E, research related to the two identified ‘‘barriers ‘‘ is key to the JPDO.
Q3. A long-standing issue associated with NASA’s aeronautics program is how to en-

sure that research done at NASA actually gets transitioned to industry and
other users. Given that you have testified that NASA needs to be prepared to
take research and technology initiatives to a higher level of technology maturity
than would occur if NASA were just to focus on basic research:

Q3a. How should that be done-for example, through flight test demonstrations or
prototype development?

A3a. The report states:
‘‘NASA should embrace a comprehensive roadmap of foundational research that
develops discipline-specific and multi-disciplinary capabilities, including system-
level design. The roadmap should include (1) progressive empirical validation
up to and including a limited number of flight demonstration vehicles (X-
planes), (2) technology readiness metrics, such as NASA’s technology readiness
levels (TRLs). . ., and (3) research partnerships with industry, academia, and
other federal agencies. X-planes have played and will continue to play a crucial
role in the advancement of aeronautical research by validating the practicality
and robustness of specific technological advances. It is important to note that
they are not limited to high TRL research. While an X-plane may represent a
system prototype (TRL 7), it may also be used to observe basic phenomena,
prove concepts, or validate a component or subsystem (TRL 1–6).’’
This approach would require NASA to allocate a larger percentage of its aero-
nautics research budget to external organizations.

Q3b. What fraction of the overall NASA aeronautics budget do you think should be
devoted to such technology maturation efforts?

A3b. Please see the answer to Question 3 from Chairman Calvert.
Q4. Do you think that NASA’s restructured aeronautics program is consistent with

the recommendations of your two National Academies committees, and if not,
what problems need to be addressed?
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A4. NASA’s aeronautics program has not yet been released in detail. As stated in
the report, based on information currently available, there is concern that industry
and academia have not been sufficiently included in the new program.

Q5. Did NASA ask your committee to brief them on your study? Did you offer?

A5. It is the policy of the NRC to brief the sponsor of a report. The Decadal Survey
was briefed to Lisa Porter and her staff on May 31, 2006, about five days before
the report was released to the public.

Q5a. If so, what was NASA’s reaction? Did they indicate whether or not they agree
with your findings and recommendations?

A5a. NASA seemed generally pleased with the report, although Dr. Porter stated
at the time that she had not had time to read the entire document (embargoed cop-
ies of the report had been provided to NASA on May 25). She indicated that she
would have preferred that the report cover all of federal aeronautics research, rath-
er than just civil (but that was beyond the contractual scope of the study). She also
indicated approval of the QFD process, given its adaptability to changing goals and
priorities. She asserted that the 93/7 split between in-house/external funding (which
is quoted in the report) under-reports the amount of funding going to external orga-
nizations, but her office has not provided any data to substantiate any other level,
despite repeated requests from the committee before the report went to publication.

Q5b. Did they make any commitment to implement your committee’s recommenda-
tions?

A5b. No.

Q5c. Have they asked for any follow-up with your committee to discuss any of the
topics addressed in your report?

A5c. No.

Q6. Your testimony highlighted a little-noted connection between aeronautics re-
search and certification standards for aircraft and aviation equipment.

Q6a. Would you please elaborate on why you think it is important for NASA to con-
duct research related to certification requirements. How should NASA go about
carrying out such research?

A6a. Please see the answer to Question 1 from Chairman Calvert.

Q6b. Do you have any specific examples of how research has improved certification
programs and tools?

A6b. The implementation of (1) automated flight control systems that use complex
software and fly-by-wire technology in place of manually controlled systems with hy-
draulic actuators and (2) composite structural materials to replace metal structures
has required extensive research to demonstrate required levels of safety, reliability,
and fault tolerance. In both of these examples, the new technologies were so dif-
ferent from the technologies they replaced that certification approaches used for the
old technologies generally did not apply to the new technologies, because the new
technologies were not subject to many of the failure modes associated with the old
technologies, but were susceptible to new failure modes to which old technologies
were immune and, thus, were not addressed by old certification standards.

Q7. To what level of maturity should NASA be prepared to take technologies in its
role of supporting the Joint Planning and Development Office (JPDO) that is de-
veloping the next generation air transportation system?

A7. Not all technologies that support the JPDO need to be taken to the same readi-
ness level. As with all technologies, the decision should be made based on the na-
ture of the transition. Different transfer points are often appropriate, because indus-
try’s interest in developing new technologies varies based on urgency and expected
payoff. For urgent, high payoff applications, for example, it may be sufficient for
NASA to mature technologies to TRL 5.

When NASA is developing technologies for transfer to operational federal agencies
such as the FAA, the committee believes that research results should normally be
transferred to industry first, to ensure product support, enhancement, integration
with other systems, and certification. For government agencies that include an R&D
mission, agency-to-agency transfer is appropriate, and such transfers may occur at
reasonably low TRLs (e.g., TRL 3).
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Nonetheless, in my opinion, an aeronautics research strategy that anticipates that
industry will routinely adopt new technology without NASA maturing that tech-
nology to a TRL of at least 6 is unlikely to succeed.

Q8. Your committee’s prioritized set of R&D challenges includes several in the area
of hypersonics research, although the hypersonics research challenges identified
have relatively low rankings on you overall list of priorities. However, under
NASA’s restructured aeronautics R&D plan, fully 25 percent ($114 million) of
the $447.2 million allocated for NASA’s Fundamental Aeronautics Program in
Fiscal Year 2007 would be dedicated to hypersonics, with NASA arguing for its
need ‘‘because all access to Earth or planetary orbit, and all entry from orbit
through an atmosphere, requires hypersonic flight.’’ Based on the findings of
your committee, is that an appropriate prioritization within the constrained re-
sources available to the NASA aeronautics program? If not, what would you rec-
ommend be done?

A8. The Decadal Survey Committee felt that research in all speed regimes was ben-
eficial, and as mentioned, several R&T Challenges relating to hypersonics appeared
in the list of Top R&T Challenges, especially those that related to multiple speed
regimes. That being said, the Decadal Survey was mandated to only consider civil
aeronautics. Since hypersonics was judged to have a limited role in the air transpor-
tation system, hypersonic-related challenges tended to score poorly. The committee
felt that if NASA aeronautics is to pursue a technology whose primary value is to
someone else (such as NASA’s space program), then that program should provide
the funding. The current arrangement uses the aeronautics program to subsidize
the space program. In my opinion, because space, civil aeronautics, and national and
homeland security are such different missions, it would be more appropriate for
NASA to decide, at an agency level, how much funding it will allocate to the space
program (research and operations), how much it will allocate to civil aeronautics,
(and how much it will allocate to national and homeland security). Priorities and
goals within each of those areas could then be used to allocate funding within each
area.

Q9. One of the concerns expressed in your committee’s report is that under NASA’s
restructured aeronautics program, the bulk of the aeronautics funding is for ‘‘in-
house’’ research at NASA Centers. Your committee believes that there needs to
be a more balanced allocation, with more R&D being done with universities, in-
dustry, and other organizations.

Q9a. Do you have an estimate of what fraction of the aeronautics research program
should be carried out ‘‘in-house’’ at NASA and what fraction should be done
elsewhere?

A9a. The committee did not feel justified in naming a particular percentage split
(see the answer to Question 3 by Chairman Calvert). My personal opinion is that
the roughly 50–50 split representative of past aeronautics funding is a more appro-
priate balance.
Q9b. How should NASA go about determining what research to keep ‘‘in-house’’ and

what research to have done elsewhere?

A9b. From the report:
‘‘NASA’s aeronautics program is likely to operate in an environment of con-
strained resources for the foreseeable future. Nonetheless, the committee be-
lieves that NASA must meet its commitment to the Nation as the leader of cut-
ting-edge aeronautics research. This requires NASA to carry out, at a minimum,
the following missions:
1. Perform cutting-edge, high-value aeronautics research in support of the Na-

tion’s future industrial and government aeronautics needs.
2. Maintain in-house technical expertise to advise other parts of the. U.S. Gov-

ernment, including the FAA, the Environmental Protection Agency, and DOD,
on relevant aeronautics issues.
3. Maintain state-of-the-art research, testing, computational, and analytical ca-

pabilities in support of the U.S. civil aviation community, including industry,
academia, and the general public.
4. Facilitate the exchange of information on civil aeronautics R&T among aca-

demia, industry, U.S. Government agencies, and the international regulatory
community.

VerDate 11-MAY-2000 20:26 Jan 02, 2007 Jkt 028626 PO 00000 Frm 00092 Fmt 6601 Sfmt 6621 C:\WORKD\SA06\071806\28626.TXT SCIENCE1 PsN: SCIENCE1



83

5. Provide aeronautics expertise and capabilities in support of NASA’s space
program.
For NASA to complete these missions in a constrained fiscal environment, the
committee believes that NASA must consider the criteria listed below when con-
sidering whether to perform the work in-house by NASA engineers and tech-
nical specialists or externally by industry and/or universities:

• Specialized technical expertise of in-house and external organizations.
• Specialized facilities and capabilities, such as wind tunnels, simulators,

laboratories, and analytical methods, that are available in-house and at
external organizations.

• The requirement for NASA to have the expertise and experience nec-
essary to be an informed buyer of aeronautics R&T.

• The requirement for NASA to provide independent technical advice to
other federal agencies on aeronautics issues.’’

Questions submitted by Representative Michael M. Honda

Q1. NASA has been restructuring its aviation safety program. In addition to reduc-
ing the aviation safety budget, it has been reducing support for aviation safety
human factors research. One consequence has been the loss of aviation safety
human factors researchers and expertise from both NASA and the universities.

Q1a. How concerned should we be about the cuts to NASA’s aviation safety human
factors research program?

A1a. This question was beyond the scope of the Decadal Survey, but in my personal
opinion, safety human factors research is an important element of the Certification
and Change Management Barriers that we identified.
Q1b. What priority did your committee assign to human factors research?
A1b. A number of R&T Challenges related to human factors were considered by
Panels D and E.

From Panel D, ‘‘distributed decision-making, decision-making under uncertainty,
and flight path planning and prediction was rated 2nd, a ‘‘human-machine integra-
tion’’ ranked 8th, and ‘‘synthetic and enhanced vision systems’’ ranked 9th, out of
fourteen R&T Challenges.

From Panel E, ‘‘appropriate roles of humans and automated systems for separa-
tion assurance, including the feasibility and merits of highly automated separation
assurance systems,’’ ranked 3rd, ‘‘interfaces that ensure effective information shar-
ing and coordination among ground-based and airborne human and machine
agents,’’ ranked 5th, and ‘‘transparent and collaborative decision support systems’’
and ‘‘interfaces and procedures that support human operators in effective task and
attention management,’’ were two of the Challenges in a three-way tie for 8th, out
of twenty R&T Challenges.
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Stephen A. Merrill, Study Director, National Research Council’s ‘‘Aero-
nautics Innovation: NASA’s Challenges and Opportunities’’

Questions submitted by Chairman Ken Calvert

Q1. External Community: From your perspective, has NASA done a good job of
reaching out to its stakeholders, customers, and partners in developing its
plans? What do you recommend NASA do to improve those relationships?

A1. As I mentioned in my testimony the Academies’ Committee on Innovation Mod-
els for Aeronautics Technologies observed the first attempt by ARMD to refocus the
vehicle systems program on four technologies with breakthrough potential. We ap-
proved the effort to adjust NASA’s aeronautics mission to available resources al-
though we did not pass judgment on the project selection. We observed, however,
that the program was revised without any serious consultation with its customers—
in part because it took place in the context of closed door budget negotiations be-
tween NASA and OMB. As a result the program revision had little support and was
stillborn. That is an important lesson for future program changes.

Our report, Aeronautics Innovation: NASA’s Challenges and Opportunities, under-
scores the importance of close consultation between the agency and prospective
users of NASA-developed technologies at every stage of the R&D process from
conceptualization and planning to execution. It makes several specific recommenda-
tions in this regard, including involvement of stakeholders in so-called decision gate
processes and identification of Technology Readiness Level objectives, rotation and
secondment of personnel, involvement of stakeholders in events to showcase NASA
employee ideas, and extension of the Centennial Challenge prizes to aeronautics.

Q2. External Research: How much research should be contracted out to industry and
academia?

A2. Unlike the Academies’ Decadal Survey panel, the Innovation Models committee
did not address the question of what proportion of the R&D work should contracted
out vs. done in house.

Q3. NASA Research Facilities: If NASA’s aeronautics budget remains unchanged,
should NASA consider closing some of their research facilities, and dismissing
affiliated scientists and engineers, in order to bolster available research fund-
ing? How should NASA balance keeping key facilities and workforce in place,
with doing actual research? How much of a workforce do they need?

A3. Aeronautics Innovation points out that maintaining a legacy infrastructure of
centers, research facilities, and employees imposes a severe constraint on flexibility
in allocating resources to R&D projects. It recognizes that a more focused mission
reflecting current budget realities probably entails some reduction of capacity but
does not address ARMD’s program in sufficient detail to recommend staffing levels
or changes in facilities.

Q4. Technology Maturity Level: How should NASA decide what technologies to pur-
sue to a higher maturity level, and to what level they should be taken?

A4. The Aeronautics Innovation report argues for flexibility in determining project
TR levels on the basis of a) the technical capabilities of the respective parties
(NASA and the intended technology users) and b) the risk profile of the intended
users. These can only be assessed in the consultative process described above.

Questions submitted by Representative Mark Udall

Q1. In your opinion, who should NASA’s aeronautics program be serving? What spe-
cific measures can Congress use to determine whether NASA has a successful
and relevant aeronautics research program?

A1. NASA’s aeronautics program should be serving the public interest in an effi-
cient, safe, environmentally benign air transportation system by conducting R&D
that serves these public goods and in which private interests have limited incentives
to invest. Which programs and projects meet these tests are matters of judgment.
The success of NASA’s efforts should be measured by the degree to which the tech-
nologies developed by NASA are implemented and meet their objectives.
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Q2. Among potential R&D funding areas within the NASA aeronautics budget, what
level of priority would you assign to supporting the plan of the JPDO for devel-
oping the next generation air transportation system?

A2. The Academies’ Committee on Innovation Models for Aeronautics Technologies
concluded that NASA’s contributions to a modernized air traffic management sys-
tem capable of handling increased capacity should have very high priority. The
JPDO is Congress’ chosen instrument for developing and implementing such a sys-
tem and the committee, while not evaluating its progress to date in detail, con-
cluded that it is a promising concept.
Q3. A long-standing issue associated with NASA’s aeronautics program is how to en-

sure that research done at NASA actually gets transitioned to industry and
other users. Given that you have testified that NASA needs to be prepared to
take research and technology initiatives to a higher level of technology maturity
than would occur if NASA were just to focus on basic research:
• How should that be done—for example, through flight test demonstrations or

prototype development?
• What fraction of the overall NASA aeronautics budget do you think should be

devoted to such technology maturation efforts?
A3. Both the character of higher TR Level projects (e.g., whether flight tests or pro-
totypes) and their share of the aeronautics budget show flow from a careful
prioritization of programs and projects. We do not believe they can be specified a
priori.
Q4. Do you think that NASA’s restructured aeronautics program is consistent with

the recommendations of your two National Academies committees, and if not,
what problems need to be addressed?

A4. The Academies’ Committee on Innovation Models for Aeronautics Technologies
did not review the most recent (and ongoing) restructuring of the ARMD program
but did consider whether a retrenchment to support of basic or fundamental re-
search is the best course given the declining aeronautics budget. The committee con-
cluded that support of fundamental research is important but not sufficient to ac-
complish the Federal Government’s legitimate role in advancing the air transpor-
tation system. There will remain a ‘‘valley of death’’ between fundamental research
results and systems innovation. Moreover, the support of technology users needed
to sustain NASA’s role in aeronautics will very likely continue to wane, under-
mining even its contributions to research.
Q5. Did NASA ask your committee to brief them on your study? Did you offer?

• If so, what was NASA’s reaction? Did they indicate whether or not they agree
with your findings and recommendations?

• Did they make any commitment to implement your committee’s recommenda-
tions?

• Have they asked for any follow-up with your committee to discuss any of the
topics addressed in your report?

A5. The committee repeatedly offered to brief NASA officials on its report, Aero-
nautics Innovation: NASA’s Challenges and Opportunities, but to date has not been
offered such an opportunity.
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Michael Romanowski, Vice President for Civil Aviation, Aerospace In-
dustries Association

Questions submitted by Chairman Ken Calvert

Q1. External Community: From your perspective, has NASA done a good job of
reaching out to its stakeholders, customers, and partners in developing its
plans? What do you recommend NASA do to improve those relationships?

A1. NASA announced its plan to internalize and narrow the focus of its planned re-
search in January 2006. This unilateral redirection to internalize its programs and
focus exclusively on fundamental aeronautics research was without input from in-
dustry as to the types of research to be accomplished, and the degree to which that
research will be carried out. Coupled with this change are significant cuts to the
NASA aeronautics budget in the amount of $187.9 million. We are extremely con-
cerned that both this redirection and these significant cuts are being made to
NASA’s aeronautics program before the national aeronautics policy is written and
its research roadmaps are delivered. Rather than the limited engagement we have
had, we would like to have an open engagement with NASA as a stakeholder in the
development of the national aeronautics policy. The country would benefit from in-
dustry having cooperative engagement with NASA throughout the planning as well
as through the program execution. We would like to work with NASA to develop
appropriate vehicles for collaborative development of NASA’s aeronautics work pro-
gram.

NASA should reach out to industry and other stakeholders to establish both for-
mal and informal means for them to work with NASA in defining and executing a
robust aeronautics research and development (R&D) program that has lasting bene-
fits to our nation.

Q2. External Research: How much research should be contracted out to industry and
academia?

A2. We understand that NASA has historically contracted out fifty percent of its
aeronautics research. Restoring this level would represent an excellent long-range
goal. In the meantime, simply maintaining fiscal year (FY) 2007 aeronautics funding
at the FY 2006 enacted amount of $912.3 million would provide a twenty percent
increase ($188 million) over the Administration’s request. This should be used exclu-
sively towards needed transitional research (e.g., demonstrations) and also be open
for competitive bids and contracting. This would be a good starting point—especially
in view of the current significant shortfall that we know exists for critical next gen-
eration air transportation systems (NGATS) research. As we move forward and
build a more healthy NASA aeronautics policy, this percentage should grow.

Q3. NASA Research Facilities: If NASA’s aeronautics budget remains unchanged,
should NASA consider closing some of their research facilities, and dismissing
affiliated scientists and engineers, in order to bolster available research fund-
ing? How should NASA balance keeping key facilities and workforce in place,
with doing actual research? How much of a workforce do they need?

A3. Though NASA should consider doing an assessment of its facilities and work-
force similar to industry’s practice to ensure sufficiency, NASA also needs to remem-
ber its historic role to promote continued United States leadership of aeronautics
research and to pragmatically address issues of leadership, vision, relevance, and
transition from research to development. Because of the cyclical nature of the indus-
try, NASA must manage its human capital accordingly.

If implemented and appropriately maintained, NASA’s 2005 Aeronautics Test Pro-
gram (ATP) should create stable, sufficient funding and help enhance the strategic
and business management of the aeronautics wind tunnels/ground test facilities at
Ames, Glenn, Langley Research Centers, and the Dryden Flight Research Center.
Funding for these critical NASA facility capabilities, and those that are transferred
to DOD or to other agency ownership and operation, must continue to be main-
tained. It is imperative that cost-effective, state-of-the-art national test facilities are
available for both industry and government to meet future civil and defense aero-
nautics research needs.

Q4. Technology Maturity Level: How should NASA decide what technologies to pur-
sue to a higher maturity level, and to what level they should be taken?
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A4. NASA should work in partnership with industry stakeholders and other govern-
ment agencies to decide which technologies to pursue based on criteria such as na-
tional objectives, public benefit, and market potential. For discussion we can divide
the range of research into three segments to describe its technological maturity level
and be used to illustrate the appropriate roles for government and industry: funda-
mental, transitional, and applied research. Government has a leading role in funda-
mental and transitional research due to the inherent risks and the lack of a clear
business case application associated with technologies at this level of maturity.
Properly conducted transitional research will take the concepts and technologies to
a point where their viability for near-term or longer term applications can clearly
be determined. Where applicable, it will also enable development of standards for
incorporation of advanced technologies into products, whether for use in the domes-
tic civil aviation infrastructure or for placement in the competitive global market-
place. Industry has the leading role at the applied research maturity level, where
a significant investment is required to incorporate validated, advanced technologies
and concepts into the next generation products for the marketplace.

Fundamental research in advanced fixed and rotary wing aircraft and propulsion
and systems technologies, spanning the subsonic, supersonic and hypersonic fields,
is important. From this fundamental research a bridge to transitional research is
needed to validate which high-risk fundamental technologies are truly applicable
and feasible for application into products. It is critical for NASA to define and con-
duct this transitional research in partnership with industry and other relevant gov-
ernment-agency stakeholders to ensure that the technologies and concepts being ex-
plored are aligned with the needs of the public, whether those needs are reflected
in the needs for government infrastructure or marketplace needs.

Questions submitted by Representative Mark Udall

Q1. In your opinion, who should NASA’s aeronautics program be serving? What spe-
cific measures can Congress use to determine whether NASA has a successful
and relevant aeronautics research program?

A1. NASA’s ultimate customers are the American people and it has the responsi-
bility to ensure that its research program provides tangible public benefits. To best
serve the American public, NASA must create a robust aeronautics plan that in-
cludes innovative ideas and embraces original ways of implementing those ideas.
However, NASA must recognize that, with a few exceptions, the general public does
not implement the results or products from the research program. Instead, both gov-
ernment and the general public rely on industry to incorporate the results of
NASA’s research into new systems and products that improve our nation’s infra-
structure and quality of life. Therefore, it is imperative that NASA’s aeronautics re-
search program includes a robust transitional research component that lays a solid
foundation for industry to explore inventive ways to apply that research and per-
form the follow-on applied research and development necessary for market and pub-
lic applications.

NASA should serve the needs of the full air transportation system. It should focus
on developing and transitioning to industry and government implementers as many
high-impact concepts and technologies for moving aircraft, passengers, and cargo in
the fastest, safest, and most reliable, affordable, convenient and environmentally
friendly manner possible. A relevant and robust NASA aeronautics program will fos-
ter the development and implementation of the advanced vehicles (airplanes, rotor-
craft, and unmanned aerial systems across a range of applications) and associated
systems (propulsion, avionics, air traffic management) that will meet these objec-
tives and ensure the long-term vitality and competitiveness of the U.S. economy.

There are many possible metrics Congress may use to determine whether NASA’s
aeronautics research is relevant to industry and, by extension, to the American peo-
ple. Any metrics used should be constructed to not only promote enhanced stake-
holder engagement, but also to promote innovation and risk-taking. We believe the
following set of metrics will provide the desired transparency for Congressional over-
sight and also promote a relevant aeronautics program.

The first metric we propose is grounded on the premise that, regardless of the
funding source, industry has little desire to engage in any research that is not rel-
evant to their critical R&D needs and overall product development strategies. Given
this premise, we propose that the actual percentage of the NASA aeronautics budget
that is allocated to cooperative programs with industry offers an excellent metric.
Because of precedent, we recommend that at least fifty percent of the budget be
used to partner with industry to conduct high-risk transitional research, such as ex-
periments that demonstrate or investigate groundbreaking aeronautical vehicle con-
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cepts and other advanced systems. We note that NASA’s past investments have led
to a broad range of aeronautical breakthroughs ranging from tilt-rotor aircraft, high-
altitude surveillance aircraft to the aero-elastic tailoring methodologies that were
demonstrated in the X–29 aircraft.

The second metric we recommend is that of the U.S. market share in areas of
NASA aeronautics investment. This metric is indicative of how successfully NASA’s
research investments reach their ultimate customers—the U.S. people and traveling
public. We strongly recommend that this metric be underpinned by metrics that
highlight measurement of US leadership in the key technology areas identified in
a government-industry developed aeronautics roadmap. Those key technology areas
identified in the Decadal Study and last year’s National Institute of Aerospace (NIA)
report form an excellent basis for comparison. To implement this recommendation,
we request that Congress sponsor an independent study to benchmark the status
of NASA’s research leadership in each key technology area. Congress should then
monitor NASA’s progress towards either attaining or retaining U.S. leadership in
each area.

Q2. Among potential R&D funding areas within the NASA aeronautics budget, what
level of priority would you assign to supporting the plan of the JPDO for devel-
oping the next generation air transportation system?

A2. Supporting the R&D needs of NGATS/JPDO with both fundamental and transi-
tional research must be one of NASA’s top aeronautic budgetary priorities.
Q3. A long-standing issue associated with NASA’s aeronautics program is how to en-

sure that research done at NASA actually gets transitioned to industry and
other users. Given that you have testified that NASA needs to be prepared to
take research and technology initiatives to a higher level of technology maturity
than would occur if NASA were just to focus on basic research:

Q3a. How should that be done—for example, through flight test demonstrations or
prototype development?

A3a. We agree with the Decadal study that the comprehensive roadmap of
foundational research should include: (1) progressive empirical validation up to and
including a limited number of flight demonstration vehicles (X-planes); (2) tech-
nology readiness metrics, such as NASA’s technology readiness levels (TRLs); and
(3) research partnerships with industry, academia and other federal agencies.

Any type of transitional research method that takes fundamental research to a
higher level is appropriate. This includes both flight test demonstrations and proto-
type development. NASA and industry should work together to define suitable tran-
sitional research programs that have broad applicability and serve national objec-
tives. We are concerned that fundamental research conducted by NASA could be
wasted if subsequent transitional research is neither suitable nor performed. Transi-
tional research does not imply that an article is ready to be put ‘‘on the shelf for
consumers.’’ While an X-plane may represent a system prototype (TRL 7), it is often
necessary to examine questions that cannot be answered by existing computers or
laboratory methods. The demonstrator can provide a wealth of data that can be used
for years to come: enabling observation of fundamental phenomena, proving or refut-
ing broad concepts, or investigating the principles, performance or interactions of
novel components, subsystems, or validating new computational or advanced labora-
tory experimental methodologies (TRL 1–6). An example of how long this process
can take is the XV–15. Over twenty years ago, NASA stopped doing research on the
XV–15 after bringing the research to a transitional level (TRL 6); since then, indus-
try has been working to use this technology to create military and civilian aircraft
(TRL 7–10).
Q3b. What fraction of the overall NASA aeronautics budget do you think should be

devoted to such technology maturation efforts?

A3b. If we take ‘‘technology maturation efforts’’ to mean transitional research, then
it is appropriate that these efforts grow to approximately 50 percent of the budget
over the long-term, which we believe is consistent with historical practice at NASA.
As I stated in my testimony, NASA is eliminating transitional research from its aer-
onautics program while it is requesting 20 percent less funding. Instead of reducing
aeronautics funding by $188 million for FY 2007, Congress should maintain funding
at the FY 2006 enacted level of $912.3 million and require that NASA immediately
apply this increased portion of the FY 2007 funds to transitional research programs
that are defined and performed in partnership with NASA’s industry and govern-
ment stakeholders.
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Q4. Your testimony highlighted a little-noted connection between aeronautics re-
search and certification standards for aircraft and aviation equipment.

Q4a. Would you please elaborate on why you think it is important for NASA to con-
duct research related to certification requirements. How should NASA go about
carrying out such research?

A4a. NASA has a role in two areas related to the certification of aviation products
for use in private-sector or governmental infrastructure. The first relates to NASA’s
ability to advance the state-of-the-art in analytical, computational and experimental
methods and tools. NASA has made lasting contributions in a wide range of applica-
tions including structural analysis, structural dynamics, impact analysis, aero-
dynamics, computational fluid dynamics, and others. Adoption and recognition of
these advancements by both industry and the FAA leads to improved certification
by enhanced understanding of a product’s behavior under a wide-variety of condi-
tions. These new capabilities also speed up time-to-market for new products and re-
duce development costs, thereby enhancing U.S. industry’s competitiveness. The sec-
ond area where NASA can make strong contribution is conducting research that
supports rule-making and specifications for government-regulated systems. NASA is
in a unique position to work with both industry and other government agencies to
conduct broadly accepted transitional research that can provide a wealth of data to
support rule-making. NASA research can also prove fundamental concepts and their
capabilities to allow specifications to be developed for governmental infrastructure
such as advanced air traffic control capabilities.

An example where NASA research should play a leading role in the development
of enabling regulations relates to supersonic aircraft flight over land. Current FAA
regulations prohibit supersonic flight over land due to the disruptive environmental
effects of sonic booms. However, recent NASA-industry research shows that it is
possible to modify aircraft shapes to virtually eliminate the sonic boom, which could
open the door for a new flight regime in our air transportation system. However,
before this can be achieved, the regulations must be changed. A significant research
program is required to collect a sufficient amount of data to enable the FAA to
change the regulations to a performance-based standard. We believe that conducting
this research is an appropriate governmental role that will have lasting public bene-
fits. Governmental leadership of the research program will also ensure that the data
supporting such a regulatory change would be widely accepted during the public
rule-making process.

In developing the Next Generation Air Transportation System (NGATS), a signifi-
cant amount of work is needed to build on the fundamental aeronautics research
that NASA is conducting on air traffic management technologies and to validate
their suitability for today’s and tomorrow’s systems. Work must be done in an oper-
ational or realistic near-operational environment to allow the government to define
appropriate specifications for these new systems. Industry cannot design systems for
implementation by the government without ensuring that they are designing accord-
ing to the appropriate specifications. Unfortunately, the FAA currently is not able
to conduct this important transitional research by itself. Realistically, the FAA can
only do this work in partnership with NASA due to NASA’s technical capabilities.
However, NASA has not committed its support of this important transitional re-
search.

Q4b. Do you have any specific examples of how research has improved certification
programs and tools?

A4b. Decades of joint aeronautics research by NASA and industry have dramati-
cally improved the safety, efficiency, and environmental integrity of air travel. Ap-
plication of productive research in design and analytical tools that validate a prod-
uct’s design performance characteristics has dramatically improved and accelerated
the FAA certification process in numerous areas, while increasing the under-
standing of the product’s behavior under a range of conditions. For example, the im-
plementation of composite structural materials to replace metal structures has re-
quired extensive research to demonstrate required levels of safety, reliability, and
fault tolerance. The results of this research had to be incorporated into revised cer-
tification practices both within the industry and the FAA to ensure that the dif-
ferent characteristics are appropriately validated in new products.

Q5. NASA apparently developed its research priorities for its restructured aero-
nautics program internally rather than asking the National Academies or indus-
try to work with them collaboratively to develop those research priorities.
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Q5a. Is that correct? What role did industry have in developing the NASA aero-
nautics research program that was presented at the Reno aerospace sciences
conference earlier this year?

A5a. Yes, we believe NASA restructured its aeronautics program internally, rather
than working with industry to collaboratively identify research priorities. To our
knowledge, industry had no role in development of the ‘‘re-directed’’ NASA aero-
nautics research program presented at the Reno AIAA Aerospace Sciences Con-
ference in January 2006.
Q5b. What role has industry had since that time?
A5b. Industry’s role has been very limited. The new NASA aeronautics R&D pro-
gram allowed only seven percent of the aeronautics R&D budget to be expended on
external research contracts. These contract opportunities are targeted to universities
and small firms. While industry can not be legally excluded from applying for these
contracts, it is not being encouraged to pursue them. Instead, the process for indus-
try to engage in research with NASA is different. In order to be considered, compa-
nies submitted a ‘‘request for information’’ (RFI) on a given area of fundamental re-
search that they wanted to conduct with NASA. Industry participation requires in-
dustry cost-sharing or in-kind resources to partner with NASA. Some of the compa-
nies that responded to the RFIs have been invited to meetings at NASA regarding
the research area that they expressed interest in, but we are told that some still
have not heard from NASA regarding their RFI submissions.
Q5c. What role would industry like to have?
A5c. Industry would like to be an integral partner with NASA across the range of
aeronautics research planning and execution. NASA should look to external stake-
holders for development and execution of its aeronautics programs whenever pos-
sible. It is critical that all stakeholders have an opportunity to influence the forma-
tion and implementation of federal aeronautics research. This participation will en-
sure that federal research is relevant and benefits the U.S. taxpayer and U.S. global
competitiveness. Relevant research that is eventually deployable to products and ap-
plications increases the American public’s return-on-investment on several levels,
such as job creation, increased tax revenue, new services and new technology appli-
cation spin-offs.

Industry needs to be a partner with NASA in setting priorities for research areas
as well as research maturation levels. Industry invests much more funds on R&D
than the amount that is considered each year in the NASA aeronautics budget. But
there is more at stake than just research dollars. By itself, government does not
build products and implement technologies—the American people, represented by
industry, do. Industry-government collaboration on research priorities should be the
bridge to relevance and NASA should help build that bridge. Industry wants to part-
ner with NASA and share its expertise to help the U.S. maintain aeronautics lead-
ership and our national and economic security.
Q6. Air transportation plays an increasing critical role in stimulating economic

growth and expanding the Nation’s ability to compete global product and service
markets. What previous NASA research demonstrator vehicles have yielded last-
ing air transportation improvements and what research demonstrators should
NASA and industry explore for the future?

A6. This year marks the 50th anniversary of the landmark X–1 project. This project
exemplifies the inspiration and vision we need. The X–1 project defined and solidi-
fied the post-war cooperative integration of U.S. military needs, industrial capabili-
ties, and research facilities. The whole X-plane history exemplifies what demonstra-
tors can do to promote economic growth, and to inspire creativity and enrollment
in the next generation workforce. Demonstration programs have tremendous inspi-
rational value and draw people to aviation careers, especially advanced engineering.
Abandoning of these R&D demonstrations will remove the major tool used to vali-
date fundamental research projects and conduct research that goes beyond that per-
formed in laboratories or on computers. Furthermore, this shift in emphasis will re-
move one of our nation’s most enduring and appealing programs. Highly advanced
research aircraft are a hallmark of NASA leadership. Without programs likes these,
it is probable that NASA’s image as a world leader will suffer significant damage
along with its research capability. NASA should continue to pursue appropriate
demonstrator vehicles for advanced fixed and rotary wing aircraft, propulsion, and
systems, spanning the subsonic, supersonic and hypersonic fields.
Q7. NASA appears to be limiting potential industry-NASA cooperation on any re-

search beyond basic research to ‘‘no-exchange-of-funds’’ Space Act agreements.
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Q7a. Is that correct?
A7a. Yes, we understand that NASA has limited only potential industry-NASA co-
operative research to ‘‘no-exchange-of-funds’’ Space Act agreements. Although indus-
try cannot be legally excluded from awards on fundamental research, we understand
that the seven percent budget target will be contracted outside NASA to universities
and small firms.
Q7b. Will such agreements be sufficient to ensure adequate interaction between

NASA’s research activities and industry’s needs?
A7b. No, without more interaction NASA has the potential to create research
projects which may never result in a public benefit.
Q7c. What forms of industry-NASA collaboration would you recommend be under-

taken?
A7c. We believe NASA should reach out pro-actively to its industry, government,
and academic stakeholders to promote collaborative development and execution of
its aeronautics research program. It should move forward with a spirit of openness,
using both formal and informal means at all organizational levels, and to the max-
imum degree possible, to create a robust program that enjoys broad ownership and
support.

Our first recommendation is to restore a direct advisory committee for the Asso-
ciate Administrator for Aeronautics. Through this group, NASA could collaborate
with industry on creating its research and development priorities and roadmaps.

In addition to industry-NASA collaboration, it is very important (especially in a
budget restrictive environment) to have cooperation and integrated R&D planning
across the Administration. The Administration’s Office of Science and Technology
Policy (OSTP) could have a leading role here. OSTP has a National Science and
Technology Council that should be coordinating research across the Federal Govern-
ment. Its Aeronautics Science and Technology (AS&T) Subcommittee is creating the
national aeronautics policy. It will also develop the integrated roadmap encom-
passing all federal aeronautics research. While industry’s input into development of
policy has been very limited, we believe that industry must have an active and effec-
tive role working hand-in-hand with the government members of the AS&T Sub-
committee on both developing this roadmap and monitoring its implementation. AIA
would enthusiastically work with NASA and OSTP to define and implement an ef-
fective framework and method for industry and academic engagement into this proc-
ess.

The need for integration of aeronautics research planning and execution is espe-
cially crucial for JPDO and NGATS research. The JPDO is working across-agencies
and with a broad range of stakeholders through the NGATS Institute to develop the
overarching needs for NGATS-related (air traffic management, safety, security, etc.)
R&D. It is imperative that this research is supported, appropriately funded and exe-
cuted by the various agency aeronautics research programs. Likewise, the mecha-
nism that is established in conjunction with the AS&T Subcommittee for the full,
cross-agency aeronautics roadmap must recognize the existence of the JPDO’s ef-
forts. Each agency’s advisory committee structure should bring these together into
the comprehensive, integrated roadmap backed by the necessary funding, priorities,
execution, and accountability.
Q8. In your testimony you state that ‘‘industry is willing and prepared to assist the

Administration in the development of the national [aeronautics] policy and sub-
sequent research roadmaps.’’ I assume you have made that offer to NASA and
to the White House—what has been their response? Are they involving or plan-
ning to involve industry in the development of the policy?

A8. In October 2005, a representative of the Office of Science and Technology
(OSTP), who at that time was the co-chair of the Aerospace Science & Technology
(AS&T) Subcommittee tasked with drafting the National Aeronautics Policy, asked
AIA to assist in obtaining input on the Policy needs and obtaining feedback on its
contents. I recommended that the review be coordinated through the National Cen-
ter for Advanced Technologies (MCAT), a 501(c)(3) nonprofit organization that is af-
filiated with AIA since this provided an excellent means for broad participation that
would be consistent with the Federal Advisory Committee Act. I am the president
of NCAT.

After several more discussions with OSTP in the later part of 2005, I was told
that since the draft document was ready for stakeholder review, to expect an immi-
nent transmittal of the draft policy, which we agreed would be distributed for com-
ment to a wide range of stakeholders, including the user-community and research
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community. However, before the draft document was received I was informed that
there had been a change, and that the draft policy document could not be shared,
nor could its contents be discussed. Instead, I worked with OSTP in the early part
of 2006 to define the need for stakeholder ‘‘input sessions,’’ under which representa-
tives from the stakeholder community would be allowed to relay to the AS&T Sub-
committee their views on what should be included in the National Aeronautics Pol-
icy. However, this would not be an exchange of views; the AS&T Subcommittee
would not share its thoughts or direction regarding the policy. Following a March
2006 request for proposals to several organizations to organize the input sessions,
NCAT was selected to arrange and host a one-time series of input sessions. These
were held, without cost to the government, on April 17, 18, and 20 with the AS&T
Subcommittee and representatives of the academic, manufacturer, and user commu-
nities respectively. In addition to the verbal input, NCAT forwarded the AS&T Sub-
committee written summaries of general input provided at each session as well as
any written submissions provided by participants. In each of these meetings, the
stakeholders expressed a desire to work more closely with the AS&T subcommittee
on the policy and receive feedback as the policy evolved. At a minimum the partici-
pants requested additional input sessions. I have pursued the possibility of addi-
tional meetings with the AS&T Subcommittee leadership and have been told that
there will not be any additional opportunities to provide input on the National Aero-
nautics Policy or otherwise discuss its contents.

Ouestions submitted by Representative Michael M. Honda

Q1. As part of her restructuring of NASA’s aeronautics program, the Associate Ad-
ministrator is seeking to get rid of NASA’s flight research aircraft, most notably
the B–757 and six General Aviation aircraft based at the Langley Research Cen-
ter. In addition, there are reports that NASA’s Aeronautics Research Mission Di-
rectorate is considering withdrawing its support of the ‘‘Future Flight Central’’
Simulator, the Vertical Motion Simulator, and the Crew Vehicle Systems Re-
search Facility at the NASA Ames Research Center. What would be the impact
of such actions on NASA’s ability to conduct transitional aeronautics R&D in
support of its customers and users?

A1. The negative impact of these facilities being unavailable is hard to quantify, but
it will be severe. Some AIA members estimate that it will take one to two years
longer, at least, to develop marketable products that serve the public benefit. For
example, development of the Synthetic Vision System (SVS), that is expected to be
certified next year, was greatly facilitated by use of a test vehicle similar to the 757
(which has also been decommissioned). Decommissioning of these capabilities will
seriously impede progress in research relating to new applications. Experimental
products such as the SVS were developed to application level because of the collabo-
ration with NASA on research facilities. Moreover, test vehicles such as the 757 are
a unique national resource, they are very expensive and hard to replicate. Specifi-
cally, there are extremely few large transport technical demonstration research as-
sets available, particularly for avionics and we expect that these capabilities will be
instrumental in developing and implementing the Next Generation Air Transpor-
tation System.
Q2. NASA’s aeronautics test facilities and simulators have been under stress in re-

cent years due to the budgetary squeeze in NASA’s aeronautics program.
Q2a. How important are those test facilities and simulators to the Nation, and what

would you recommend be done to ensure that needed capabilities are preserved?
A2a. Appropriate test facilities and simulators are vital to maintaining our global
competitive advantage and ensuring practical applications that benefit the American
public. A secure Aeronautics Test Program (ATP) will protect the strategic avail-
ability of the minimum critical suite of wind tunnels and ground test facilities nec-
essary to meet national needs. We applaud NASA for undertaking this initiative.
We must also ensure that DOD allocates adequate funding to maintain its test fa-
cilities.
Q2b. Does NASA have in place the skilled workforce needed to operate and maintain

NASA’s aeronautics test facilities and simulators, and do you have any con-
cerns that those personnel could be lost to the agency in the coming years? If
so, what should be done?

A2b. Currently NASA appears to have the workforce needed to operate and main-
tain NASA’s aeronautics test facilities and simulators. However, we must recognize
the need to guarantee that they have the skilled personnel necessary to fully utilize
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these critical facilities to their full potential in the coming years. This will be espe-
cially challenging if these professionals continue to face an uncertain future that
makes pursuing expertise in experimental methods and capabilities an uncertain ca-
reer path; it will be increasingly difficult to get new candidates to enter the field.
Industry is concerned about maintaining cost-effective, state-of-the-art national test
facilities to meet future civil and defense aeronautics research needs. We must have
a robust national aeronautics plan that takes both the facilities and their oper-
ational issues into consideration. It is of vital importance that we improve our ex-
perimental methods and train new testing professionals, as well as retain the
present workforce.
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Parviz Moin, Professor, Mechanical Engineering, Stanford University;
Director, Institute for Computational and Mathematical Engineering

Questions submitted by Chairman Ken Calvert

Q1. NASA Research Facilities: If NASA’s aeronautics budget remains unchanged,
should NASA consider closing some of their research facilities, and dismissing
affiliated scientists and engineers in order to bolster available research funding?
How should NASA balance keeping key facilities and workforce in place, with
doing actual research? How much of a workforce do they need?

A1. Most NASA research facilities, (e.g., large wind tunnels, arch jets) are unique
in the U.S. There are comparable facilities in Europe and Russia. Although U.S.
aerospace companies have used some foreign facilities, it would not be prudent for
the long-term competitiveness of the U.S. civil and military aerospace industry to
close and dismantle these unique facilities. A competent operations staff is nec-
essary to maintain these facilities. It is also equally important for NASA to main-
tain a competent core of research scientists to conduct novel experiments in these
facilities, to validate computational models or conduct experiments of discovery in
practical realms not possible in small-scale university facilities. I would emphasize
that it is important for NASA staff to conduct leading edge research, and not just
become a service provider for the utilization of NASA’s unique facilities. The re-
search should specifically focus on interdisciplinary aeronautical systems, which
would be highly complementary to the standard disciplinary approach pursued by
universities. In order to lead and provide coordination for the Nation’s aeronautics
enterprise NASA must maintain a critical mass of research engineers in all areas
of aeronautics. They should be of the highest technical caliber so that they are re-
spected and listened to by both academics and industry. NASA scientists should be
evaluated based on standard metrics in the engineering science community such as
impact of publications and adaptation of their models and concepts by industry. If
the country is to maintain NASA as a research organization, then it must demand
that its personnel remain at the forefront of research and not just act as an instru-
ment for dispensing government funds to academia or industry. It is not clear that
the current civil service structure for NASA scientists is optimal. However, changing
the system requires careful review and assessment of the pros and cons of other
models.
Q2. External Research: How much research should be contracted out to industry and

academia?
A2. NASA appears to be the only source of academic research funding for civil aero-
nautics. The funding is used for the creation of new ideas and tools as well as for
education of future generations of aerospace engineers. NASA management should
determine the extent of the facilities and know- how they require from industry for
projects conceived by NASA. These prospective joint projects could involve cost shar-
ing arrangements. NASA should not simply be a conduit for transferring public
funds to industry. Industry’s natural motivation for excellence in product and there-
by increased revenues should drive their pursuit of NASA expertise and intellectual
resources, rather than NASA seeking relevance for its research by buying industry’s
involvement.
Q3. Technology Maturity Level: How should NASA decide what technologies to pur-

sue to a higher maturity level, and to what level they should be taken?
A3. Historically, knowledge has been the most important product of NASA’s aero-
nautics research. NASA should ensure that its advances in knowledge, under-
standing, tools, methods and technologies transition in a timely manner to the broad
U.S. industrial community. The level of maturity of its studies should be commensu-
rate with that required for validation and establishing scientific credibility of its
tools, models and design concepts. Industrial leaders should also put a process in
place that could evaluate NASA technology for possible transition to industry. NASA
programs should be peer reviewed annually by experts from industry and academia.

Questions submitted by Representative Mark Udall

Q1. In your opinion, who should NASA’s aeronautics program be serving? What spe-
cific measures can congress use to determine whether NASA has a successful
and relevant aeronautics research program?
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A1. NASA’s aeronautics program should serve the tax payers and future genera-
tions of Americans by ensuring the preeminence of the United States in civil aero-
nautics technology and air transportation system, and provide critical support to
NASA’s space exploration missions. The primary output of NASA has been advance-
ment of knowledge documented in high quality publications, computational tools, ex-
perimental methods and data, and aeronautical design concepts. Accordingly, the
quality of NASA’s output should be evaluated by standard scientific norms and the
extent of adaptation of the methods by the broad aeronautical community. Making
one sector of the economy, the aerospace industry, the sole customer and evaluator
of the quality and relevance of NASA’s work has not worked and is contrary to the
mission and goals of the agency funded by the tax payers.
Q2. Among potential R&D funding areas within the NASA aeronautics budget, what

level of priority would you assign to supporting the plan of the JPDO for devel-
oping the next generation air transportation system?

A2. The projected increase in air traffic capacity in the next 10 to 15 years suggests
that NASA should assign high priority to conducting research critical to the JPDO
vision. The JPDO enterprise should be set up such that NASA’s contribution would
be what it is equipped to do best, which is to conduct research, including experi-
ments and simulations at its research centers. ARMD’s reorganization has recog-
nized air traffic management as one of its core and mission critical components.
There is also considerable emphasis for research in this area in the recent NASA
Research Announcement (NRA), which solicited basic and applied research pro-
posals from academia and industry.
Q3. In your testimony you state that: ‘‘Foundational research is precisely what

NASA should be doing; in fact, given the limited resources that the Aeronautics
Research Mission Directorate has been given, only foundational research is
what it can do successfully.’’ However, Dr. Merrill testified that his National
Academies committee concluded that: ‘‘If [NASA’s] Aeronautics Research Mis-
sion Directorate is to sustain its relevance and support, it should continue to
have a portfolio quite diversified in terms of the stage of technology being de-
veloped, even if that means significantly few projects.’’

Q3a. Why do you feel NASA should confine itself only to basic research at low stages
of technology development?

Q3b. How will NASA validate the models you discuss in your testimony or transition
your research to a form that is relevant to potential users of the research with-
out undertaking R&D at higher stages of technology development?

A3a,b. As a federal research organization NASA conducts foundational research to
advance the knowledge base in the aerospace field. This research is aimed at an-
swering outstanding questions and to gain scientific understandings in broad areas
of aeronautics: propulsion, aerodynamics, and air traffic management. In the field
of propulsion, for example, outstanding questions remain in the areas of efficiency,
safety and emissions of harmful combustion products into the atmosphere. In the
area of aerodynamics and air traffic management, NASA is conducting research to
understand the mechanics of noise generation and its mitigation near airports. To
make supersonic transportation possible for business jets as well as commercial air-
lines, NASA conducts research aimed at mitigation of the sonic boom. NASA’s re-
search output has been in the form of technical reports, computational tools such
as the NASTRAN program for structural analysis, experimental data and methods,
and design concepts. All of these have been transitioned successfully to the user
community and have been used broadly by the aerospace industry. NASA’s research
should be targeted for the public good (e.g., better and environmentally friendly
transportation system) as well as to enhance the economic competitiveness of the
Nation’s aerospace industry.

Model validation is carried out in a suite of carefully designed experiments. Full
scale, or system technology demonstration experiment is only one element of the
validation process, which is also very costly. Given the limited available resources,
large-scale demonstration projects and prototyping can only be done at the expense
of other critical research of public interest. Moreover, the results of such projects
often become proprietary assets of select companies who participated in the projects
under government contracts, and do not become available to the broad aerospace
community. In my opinion, such a preferential treatment is contrary to the mission
of NASA as a federal research agency.
Q4. In your testimony you say that ‘‘NASA’s role in aeronautics research should be

as a bridge between academia, which conducts fundamental research, and in-
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dustry which ultimately ensures the preeminence of the United States in aero-
space technology.’’ When you say NASA’s role should be to serve as a ‘‘bridge’’
between academia and industry, it would seem as though you are saying that
NASA needs to undertake transitional technology maturation R&D of the kind
advocated by Dr. Romanowski and others in industry. Is that what you mean?
If not, what specifically should NASA do to serve as a ‘‘bridge’’?

A4. Academic research is generally small-scale and has disciplinary focus. NASA
plays an important leadership role in inspiring and directing academic research to
relevant industrial problems. To complement the academic research, NASA’s own
research should be interdisciplinary and focused on integration of basic research re-
sults for aeronautical systems. NASA scientists may also use their unique facilities
to validate models conceived in simple configurations, and test design concepts in
more relevant configurations of interest to industry. In this regard NASA plays a
critical role in facilitating the transition of academic and its own research results
to industry.
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STATEMENT OF DR. ROGER L. SIMPSON

PRESIDENT, AMERICAN INSTITUTE OF AERONAUTICS AND ASTRONAUTICS; HOLDER OF
THE COWLING PROFESSORSHIP IN AEROSPACE AND OCEAN ENGINEERING,

VIRGINIA POLYTECHNIC INSTITUTE AND STATE UNIVERSITY

BLACKSBURG, VIRGINIA

Redefining Civil Aeronautics R&D at NASA

The current status of aeronautics research and development in the National Aero-
nautics and Space Administration (NASA) is clearly at a critical juncture. As a re-
sult of today’s fiscal constraints, funding for aeronautics research is reaching record
lows, with plans for even lower budgets.

As President of the American Institute of Aeronautics and Astronautics, I rep-
resent a constituency of over 35,000 aerospace professionals, located in all fifty
states and 70 countries internationally. During my tenure as President, I have
heard many members at our technical conferences and other venues voice their con-
cerns about the NASA aeronautics research program. These concerns can generally
be categorized into three interrelated areas: a crisis in funding which has led to a
debate over the strategy for using available funds and to a major impact on the fu-
ture aeronautics workforce. I will address these concerns in my comments below.

In the invitation letter to provide written testimony for this hearing, I was asked
to provide answers to several questions. Below, I respond to these specific questions,
and then follow with a more comprehensive discussion that supports and augments
my initial answers. I have relied very heavily on my 40 years of experience as an
educator and as an active researcher who has produced and continues to produce
new aerospace related scientific and engineering information. I have read the recent
NASA Aeronautics Research Mission Directorate (ARMD) goals, strategies, and
technology themes; the ‘‘Decadal Survey of Civil Aeronautics: Foundation for the Fu-
ture’’ and the ‘‘Aeronautics Innovation: NASA’s Challenges and Opportunities,’’ both
from the National Academies (2006); and the recent NASA Research Opportunities
in Aeronautics (ROA–2006) or NRA NNH06ZNH001. I also am familiar with the
American Society of Mechanical Engineers (ASME) report, ‘‘Persistent and Critical
Issues in the Nation’s Aviation and Aeronautics Enterprise,’’ November 2003.
QUESTIONS POSED BY THE SUBCOMMITTEE ON SPACE AND AERO-

NAUTICS

1. How would you assess the Aeronautics Research Mission Directorate’s
program goals and strategies?

Given the proposed ARMD aeronautics budget, the published ARMD program
goals and strategies appear appropriate.
Is NASA’s emphasis on foundational research appropriate?

Yes. Given the very limited budget, NASA appears to be and should be trying to
obtain NEW fundamental information which can be used by other researchers in ap-
plied research and development and by industry to develop better lower uncertainty
design tools and codes. I understand that ARMD solicited input from industry early
in 2006 (NRI) about their most pressing problems before formulating the above
mentioned ROA–2006, which was issued on May 23, 2006.
Given the resources currently allocated to it, is ARMD properly structured,
and is it pursuing the right lines of research?

In my opinion, yes. As I discuss below, the ARMD and NASA centers have been
subjected to many reorganizations and changes in direction over the past 10 years.
The time between reorganizations seems to have been shorter than the time re-
quired to develop plans, allocate funding, develop personnel and research capabili-
ties, and solve a problem. As a result, a number of areas within aeronautics have
not progressed much during recent years. Since ARMD has been very open to aca-
demia in the past few months about its program and appears to have interacted
with industry to develop a list of the most pressing topics, the NRA topics that were
issued on May 23, 2006, appear to be appropriate. Research on all of the topics in
my technical area would contribute fundamental new information to advance aero-
nautics.
2. What should NASA be doing to ensure that its research is relevant to the

long-term needs of industry and is used by industry?
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It appears that NASA ARMD is on the correct track by involving industry to de-
termine the research problems that can have the greatest impact on improving in-
dustrial capabilities. Periodic communications among the researchers, NASA and in-
dustry can keep the research activities more focused and increase the opportunities
for other research contributions that may not have even been in mind at the outset.
Many members of AIAA would argue for an increased openness in dialogue between
NASA Headquarters and their industry partners.

What should NASA be doing to help keep the academic research enterprise
healthy and to ensure an adequate supply of aeronautics engineers and re-
searchers?

More aeronautics grants should be awarded competitively to graduate degree
granting institutions. The academic research enterprise which will produce the next
generation of aeronautical engineers is already in distress because of the lack of
proper funding. Some aeronautical engineering faculty have left the field because
their areas of aeronautics are no longer supported by NASA. Two years ago some
grants to universities were abruptly ended with graduate students in the middle of
their research, even though the researchers were meeting all goals and require-
ments.

Graduate fellowships to students alone will not solve the future workforce prob-
lem, even though some view this as a less costly way to produce graduate degrees
without paying any faculty salaries, lab costs, or indirect costs. Since most of the
research ideas come from faculty who dedicate their careers to and are experts in
topical areas of research, unless these faculty and their labs are supported, then
weak graduates will be produced from out-of-date programs. The faculty will move
to research areas where they can obtain stable summer salary support for them-
selves. Universities cannot afford graduate programs that do not provide sufficient
research grant indirect costs and will place resources in other areas than aero-
nautics.

3. What is your reaction to the conclusions and recommendations of the
Decadal Survey?

Given that the proposed budget outlook for ARMD, and that the Decadal Survey
did not consider the budget requirements for a properly funded aeronautics research
program, then the recommendations and conclusions of the Decadal Survey seem
reasonable. Much effort was given to rank order priorities and to ensure that only
the most deserving research should be pursued. Many creative and even revolu-
tionary ideas come from the bottom up, so there should be some discretionary funds
allocated to each NASA competency area to pursue promising new areas of research.

ASSUMPTIONS ABOUT AERONAUTICS AND THE EFFECT OF THESE AS-
SUMPTIONS ON NASA AERONAUTICS BUDGETS

It appears clear to me that at some point in the relatively recent past, assump-
tions were made at high levels in the U.S. Government about the future of aero-
nautics and aeronautical research in the U.S. While I cannot cite a reference, I have
heard comments in the media from time to time that aeronautics is a ‘‘techno-
logically mature industry’’ that does not need further research support or it is ‘‘a
sunset industry’’ that will be transitioned offshore and therefore should not be fur-
ther developed. Both of these ideas are wrong.

Some have posed the questions, ‘‘What new aeronautical innovations has NASA
produced in recent years? The commercial airplanes look the same as they did 20
years ago. Why should we fund NASA aeronautics at a higher level?’’ The answers
to these questions are that NASA has contributed to the research that led to many
innovations in the past that were the result of proper NASA aeronautics research
funding in earlier years. The capabilities and efficiencies of component systems have
been greatly improved in commercial products because the foundational or funda-
mental research in earlier years contributed to the improved design of commercial
aircraft.

The Decadal Survey had as an assumption that the ranked priorities from its out-
come were to be funded within some budget level, a level which was not to be dis-
cussed as a part of the charge to the persons who participated in the survey. The
earlier 2003 study conducted by the ASME entitled, ‘‘Persistent and Critical Issues
in the Nation’s Aviation and Aeronautics Enterprise’’ (2003), recommended that the
NASA aeronautics annual budget be increased to $2.1B by 2011 in order for the
U.S. to remain competitive with international rivals.
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AERONAUTICS—UNTIL NOW A GREAT CONTRIBUTOR TO THE U.S.
ECONOMY THAT OTHER NATIONS COVET

The U.S. has been the world leader in aeronautics since the Wright Brothers in
1903. As a result of this position of leadership, U.S. military aircraft dominate the
skies and the U.S. civil aeronautics industry is the largest positive contributor to
the balance of trade. From its inception in 1915, NACA—and later NASA—has in-
vested continuously in aeronautics research and technology, and over the years, aca-
demia and industry have come to depend on NASA’s investment in long-term re-
search to provide pre-competitive research and screening of high-risk concepts.
Using the fundamental NASA research, industry then focuses on product develop-
ment and implementation.

Many aerospace professionals, like me, know that the U.S. aerospace endeavor is
facing serious challenges. The future health and growth of the high wage aerospace
industry—which contributes much to a positive balance of trade—critically rests on
addressing the concerns raised in the recent report, ‘‘Rising Above the Gathering
Storm: Energizing and Employing America for a Brighter Economic Future,’’ issued
by the National Academies of Sciences (NAS) in October 2005. Our international
competitors have set their sights on this industry. Competition in the commercial
aircraft industry is global in scope. With only a few firms supplying each segment
of the market, the actions of one firm significantly affect the actions of its competi-
tors. If international companies receive subsidies that affect pricing and output, this
alters the competitive landscape for U.S. industry.

A few years ago the U.S. was the undisputed leader; now the U.S. holds less than
50 percent of the aerospace world market share. The recently released ‘‘Decadal
Survey of Civil Aeronautics: Foundation for the Future’’ from the National Acad-
emies makes a compelling case for the proper support of a wide spectrum of U.S.
civil aeronautics research and technology development, if the United States is to re-
main competitive with other nations in civil aeronautics. Without R&D funding, the
research and innovation endeavor shrinks, U.S. technologies become obsolete, our
economy shrinks, and the standard of living declines.

As I am sure that you know, the European Vision 2020 focuses on aerospace lead-
ership over the U.S. ‘‘In 2020, European leadership will be evident on aircraft
throughout the world. The industry in Europe will be the leading developer and sup-
plier of avionics systems and its engines and systems.’’ In 2020 they expect other
success. ‘‘Such will be the success of the ‘European solution’ for Air Traffic Manage-
ment, that a de facto world standard will be created.’’ The European Union (EU)
plans to invest over 95B Euros ($120B) over the 20 years beginning in 2001. Their
goal is to dominate the aeronautics segment, which is largely responsible for the
U.S. positive aerospace trade contributions. In addition, Brazil and Canada have in-
creased their support of regional aircraft, which are growing in size and may soon
compete with U.S. aircraft.

Investment in the U.S. aeronautics endeavor should be viewed as a national busi-
ness decision. Currently the U.S. has about $30+ Billion favorable trade balance in
the aeronautics sector each year. If we restored the NASA FY07 Aeronautics Budget
to its FY 04 level, this would mean that we would be investing three percent to
maintain and reap a national aeronautics sector profit of $30 billion. Any business-
man would jump at such an opportunity. It is clear that new or improved U.S. prod-
ucts may take a few years to be realized from this investment. However, without
this investment there is no possibility to reap benefits from future research. Also,
the income taxes on a $30B annual profit should encourage the U.S. Government
to invest in the aeronautics research enterprise.
A CRISIS IN R&D FUNDING

Today’s national airspace is incapable of meeting the demands of the Next Gen-
eration Air Transport System. Critical issues such as the ease of air travel and the
speed with which we travel globally continue to threaten the efficiency of civil avia-
tion. Additionally, economic and environmental barriers—as well as the need for
critical breakthroughs in technology (such as fuel efficiency, emissions and noise re-
ductions)—must be overcome. The ability for the U.S. to address those—and other—
critical issues, and keep the U.S. as the global aeronautics leader is dependent upon
appropriate government funding of aeronautics R&D programs, and bolstering the
future workforce with the necessary engineering and science education.

Aeronautics R&D has been the key to the success of U.S. industry in the world
markets. Other countries are investing considerable public funds in their commer-
cial aircraft industry with the objective of increasing their own product markets.
This inevitably takes market share away from U.S. industry. Current proposals to
reduce aeronautics R&D funding will continue to harm the already declining U.S.
market share.
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Without change, the current trend shows a bleak future. U.S. investments in aero-
nautics R&D continue to decline, thereby placing the U.S. civil aeronautics competi-
tive position at risk. The FY07 NASA aeronautics budget has declined significantly
over the past decade from $1.5 billion in FY 1994 to just $724M. The projected
budget continues the decline to just $717.6M by FY 2010. This is less than one-third
of the $2.1B annual budget recommended by the earlier 2003 study conducted by
the ASME entitled, ‘‘Persistent and Critical Issues in the Nation’s Aviation and Aero-
nautics Enterprise’’ (2003), in order for the U.S. to remain competitive with inter-
national rivals.

Several other practical aspects of research excellence can only be addressed with
adequate funding. First, there can be no retreat from a vision that states that NASA
aeronautics research will be second to none in the world—EVER. This commitment
will attract top NASA and university researchers who will make evolutionary, as
well as revolutionary contributions. The power of the thrill of discovery will moti-
vate the next generation of aeronautical and aerospace engineers. A long-term vision
and commitment like this will encourage dedicated researchers to devote their ca-
reers to excellence and will result in world respected experts. Many of the students
at Virginia Tech want to devote their careers to improving airplanes and aero-
nautical science and technology. They want to have an impact on the future. Give
them an exciting vision and resources and the U.S. will not have a future ‘‘aerospace
work force’’ problem. Unless they see a future in aeronautics, the lack of an ade-
quate aerospace ‘‘work force’’ will continue.

Discretionary funds at each NASA center and for each branch will allow NASA
and grant and contract researchers to pursue some creative ideas that contribute
to the mission and goals of that branch, without having all research ideas and topics
originating from the top of NASA. Innovative research requires some risk; for exam-
ple, some small exploratory grants to universities can reveal the merits of new
measurement technologies. One cannot always correctly predict what will be discov-
ered in research. In my own research, several turbulent flow phenomena were dis-
covered because we performed original experiments with innovative instrumentation
and did not accept the assumptions of conventional wisdom.
DEBATE OVER STRATEGY

Let me first say that I understand the difficulties facing Dr. Lisa Porter and her
staff, in managing a program that has been under funded and overshadowed by
other NASA priorities. Dr. Porter has done an admirable job in restructuring the
research and development infrastructure, in an effort to make a leaner more effi-
cient program, and in an effort to fit R&D demands into budgetary constraints. Sev-
eral studies have been published over the past 30 months aimed at helping to iden-
tify research priorities and problem areas within the NASA aeronautics portfolio.
These studies, as well as testimony like you’re receiving today, should be reviewed
and seriously considered with NASA leadership as a warning shot across the bow
of the United States’ research and development enterprise. If the U.S. is to remain
the world’s leader in aeronautics, R&D funding must increase.

The most recent report published was the National Academies of Sciences
‘‘Decadal Study of Aeronautics: Foundation for the Future.’’ I support the conclusions
of the National Academies’ study and urge the Administration, Congress, and NASA
to consider these recommendations and take actions to appropriately fund them.
This report makes a compelling case for the proper support of a wide spectrum of
U.S. civil aeronautics research and technology development, if the United States is
to remain competitive with other nations in civil aeronautics. Further, the study
identifies research areas on which NASA should focus, while also supplying rec-
ommendations worth NASA’s consideration on partnerships with other federal agen-
cies, universities and private sector stakeholders to accomplish the research goals.
As I have said in previous AIAA speaking engagements, capabilities once lost cannot
be effectively restored. Even if possible, there are profound financial and human cost
penalties. It will take substantially more time, funding and effort to rebuild national
capabilities than to maintain these efforts for another year.

The Decadal Study isn’t the only report published in the last 18 months tasked
to provide a research and development strategy for NASA’s aeronautics program. In
April 2006, the National Academies published a report entitled, ‘‘Aeronautics Inno-
vation: NASA’s Challenges and Opportunities,’’ whose findings are supported by
AIAA. Again, much like the findings of the Decadal Study, this report called for
NASA to prioritize its aeronautics research and development needs, as well work
closer with the Nation’s aeronautics stakeholders (be they academic, industry or
other government agencies). These recommendations are in line with the 2005 rec-
ommendations found in the National Institute of Aerospace’s ‘‘Responding to the
Call: Aviation Plan for American Leadership.’’ This report is the most comprehen-
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sive independent and thorough analysis of federal aeronautics research and develop-
ment enterprises, and came with several policy recommendations as well as funding
requirements. Unfortunately, the report was not well received in Congress due to
its length and lofty funding requirements.

Simply stated, NASA must determine a course of action. In 2004, the President
issued his Vision for Space Exploration—the Moon, Mars and Beyond Initiative. This
vision reinvigorating NASA’s space program—giving all parties a direction, and a
purpose for larger funding initiatives. Thanks to this committee’s leadership, along
with the support of Rep. Frank Wolf, Congress in last year’s appropriation man-
dated NASA author a National Plan for Aeronautics, the first of its kind.

AIAA expects a national aeronautics R&D policy to provide a clear vision and di-
rection for aeronautics research performed by the Federal Government. As it stands
now, aeronautics is a science which provides a sociological as well as economic good
for the Nation. However with no clear vision, it is an easy target for funding cuts.
A principal challenge for the U.S. aeronautics endeavor is to have sufficient R&D
resources sustained over the short- and long-terms in stable programs to remain
competitive in the global marketplace. Without R&D funding, the research and in-
novation endeavor shrinks, US technologies become obsolete, our economy shrinks,
and the standard of living declines.

Regarding impact—the correct national plan for aeronautics R&D will be accom-
panied by a long-term (sustained and reliable) funding commitment from the Execu-
tive and Congress, as well as advance U.S. aeronautics technologies to world leader-
ship status in all technical areas. Simply being a competent partner would be a dis-
service to the Nation. We must strive for excellence.

Finally, a roadmap which includes milestones and meaningful metrics by which
we can evaluate possible redundancies and gaps in research programs and capabili-
ties is needed. AIAA is willing to support and/or lead the gathering of relevant
metrics.

Below are the specific recommendations AIAA made to the Office of Science and
Technology Policy/National Science and Technology Council’s Subcommittee on Aer-
onautics:

• Roles and Responsibilities—This policy position should call for the creation of
a permanent interagency oversight body to focus on the ‘‘big picture’’ of aero-
nautics R&D. As it exists today, the national aeronautics enterprise is dys-
functional—with research occurring ad hoc in several federal agencies and
private enterprises, often with little interaction with other relevant agencies
or research programs. This is a disservice to the Nation as it relates to cre-
ating a robust and sustainable aeronautics enterprise within the U.S. This
body would be able to aid in the coordination of efforts (and potentially budg-
ets) in an effort to eliminate redundancies in research and strengthen smaller
yet important research initiatives. Further, it allows a degree of protection to
organizations such as NASA, whose aeronautics programs seem to often lose
funding to increase budgets for more entertaining and public interest pro-
grams. Coordination is paramount. (NOTE: It is noted that this is a role for
the NSTC subcommittee on aeronautics. It is the opinion of AIAA that this
effort should not be buried under levels of bureaucracy, but rather raised to
the level of the JPDO for example.)

• Federal R&D Planning and Prioritization—A biannual review of national aer-
onautics capabilities and priorities should be conducted. Examples of such re-
views already existing within the federal sector are the National Academies
Decadal Studies, and the Department of Defense’s Quadrennial Review.
These are big picture reviews done internally—with external inputs in the
process—done in order to be sure that the Nation’s capabilities are being di-
rected towards the needed areas of research. To conduct these studies on a
biannual basis would allow the NA Decadal Studies to continue every five
years, allowing both a long-term and shorter-term ongoing review of the sys-
tem. This would allow the government to better track its progress, and be
able to react to new areas of research as they are invented.

• Federal vs. Industrial Investment—It is not the role of this body to draw a
clear distinction of the line where federal research should stop, and industrial
dollars begin flowing into the process. It is not the role of OSTP to create in-
dustrial policy. That said, several trends are troubling. In looking at the com-
plicated issue of large-scale demonstration projects, for example, there are
two competing schools of thought. One school of thought believes large-scale
demonstrations projects are outdated; data can be collected using computer
models and simulations and building block wind-tunnel experiments that vali-
date computer modeling at full scale. This is clearly the approach of the fu-
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ture and is much less expensive. However, others feel that for technology to
be verified as viable, it must be demonstrated in true environmental condi-
tions—and integrated with all systems. This is a valid approach AFTER new
technologies and design tools have been verified and new lower uncertainty
designs have been built. Others in research circles also argue that a funda-
mental piece to conducting research is physical touching, tweaking and im-
mersing oneself in the technology being tested. All of these approaches can
be accommodated in a less expensive approach. Clearly this is a complicated
issue, one in which panels with industry and end-users would provide more
clear examples of where the distinction should be drawn. AIAA can assist in
encouraging, sponsoring, and conducting such panels and is willing to do so.

• Workforce Development—Many aerospace engineering graduates currently
cannot find jobs in the aerospace industry or government, so there is a serious
question as to whether there truly is a workforce development issue. This af-
fects the decisions of high school students and undergraduates on enrollment
in aerospace programs. Industry and academia already have a functioning
and well developed ABET accreditation system for undergraduate degrees in
related aeronautical disciplines. Industry has a strong input to the accredita-
tion process and continually makes suggestions about the curricular content
of aerospace related disciplines.
Æ The existing long proven graduate engineering educational system works

in the best U.S. R&D interests when funded and organized properly.
Three to five-year grants for faculty and student salary support, equip-
ment and supplies, laboratories, travel, and indirect costs to work on in-
novative aspects of revolutionary or evolutionary research should be the
model. These competitively awarded grants would fit into the mission of
the agency and provide for the continued long-term development of fac-
ulty expertise and courses, laboratories, and infrastructure that will fos-
ter future ideas and developments. (Sporadic funding or funding of U.S.
student salaries alone in Fellowships is not generally fruitful. The ideas
for future R&D in mature technological areas almost always come from
the faculty, not students.)

Æ Some in government and industry think erroneously that universities
will maintain aerospace curricula and graduate research programs with-
out proper funding. In the face of aeronautical R&D reductions for uni-
versities, faculty will and are changing their research interests to sub-
jects where they can obtain their summer salary support, support for
their labs, and their students.

Æ ITAR issues, and issues on immigration and the United States brain
drain also severely hamper U.S. efforts to keep the ‘‘best and the bright-
est’’ as well as draw the best the world has to offer. While it is not the
role of this body to address these issues, they are issues that need ad-
dressing by the Federal Government.

• International Cooperation—The United States should work to be a leader
internationally in aeronautics research and development. That said, we
should also strive to be partners with other nations much like the American
cooperation within the International Space Station.

IMPACT OF FUNDING ON THE AERONAUTICS WORKFORCE
A healthy NASA workforce, armed with appropriate skills and secure in its fu-

ture, provides better oversight for technical system procurement and program man-
agement. This results in better performing systems, better ability to meet schedule,
more productive interactions with other stakeholders in the aerospace enterprise,
and more efficient use of taxpayer dollars. Even in the Department of Defense,
where procuring complex space systems has been a prime job for several decades,
experts are concerned about current government workforce competencies. The May
2003 Final Report of the Defense Science Board (DSB) Task Force on Acquisition
of National Security Space Programs, chaired by Tom Young, stated ‘‘government
capabilities to lead and manage the space acquisition process have seriously erod-
ed.’’ An organization like NASA, which has been an operational entity for much of
recent history and which has less background and experience in development pro-
grams, should reasonably expect even greater challenges as it shifts its focus to a
development organization and retrains its employees.

In so much as NASA draws employees from among experienced candidates al-
ready working in the larger aerospace enterprise, a healthy aerospace enterprise
will benefit the NASA workforce. A healthy aerospace enterprise provides a moti-
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vated, skilled, and experienced workforce pool from which NASA can draw employ-
ees. A healthy aerospace enterprise also provides employment opportunities for
NASA employees who desire or need to leave the agency, but still wish to work in
the industry.

More aeronautics grants should be awarded competitively to graduate degree
granting institutions. The academic research enterprise, which will produce the next
generation of aeronautical engineers, is already in distress because of the lack of
proper funding. Some aeronautical engineering faculty have left the field because
their areas of aeronautics are no longer supported by NASA. Thus, some teachers
of the future workforce are leaving the field. Two years ago some grants to univer-
sities were abruptly ended with graduate students in the middle of their research,
even though the researchers were meeting all goals and requirements.

Graduate fellowships to students alone will not solve the future workforce prob-
lem, even though some view this as a less costly way to produce graduate degrees
without paying any faculty salaries, lab costs, or indirect costs. Since most of the
research ideas come from faculty who dedicate their careers to and are experts in
topical areas of research, unless these faculty and their labs are supported, then
weak graduates will be produced from out-of-date programs. The faculty will move
to research areas where they can obtain stable summer salary support for them-
selves. Universities cannot afford graduate programs that do not provide sufficient
research grant indirect costs and will place resources in other areas than aero-
nautics.

Further complicating the issues is the age of the American aerospace workforce.
The institutional knowledge held in NASA and industry is draining at an alarming
rate. The U.S. graduates a fraction of the aerospace engineers graduated by other
nations, such as China and India. In 2003, less then 50 percent of the students who
received Ph.D.s at American schools were American students. The U.S. must work
to retain those within the aeronautics workforce, as well as entice young minds—
skeptical about a career in aeronautics—to join the workforce. The only way to do
this is make a commitment to investing in long-term research.
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THE NATIONAL ACADEMY OF SCIENCES’
DECADAL PLAN FOR AERONAUTICS: NASA’S
RESPONSE

TUESDAY, SEPTEMBER 26, 2006

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON SPACE AND AERONAUTICS,

COMMITTEE ON SCIENCE,
Washington, DC.

The Subcommittee met, pursuant to call, at 10:05 a.m., in Room
2318 of the Rayburn House Office Building, Hon. Ken Calvert
[Chairman of the Subcommittee] presiding.
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HEARING CHARTER

SUBCOMMITTEE ON SPACE AND AERONAUTICS
COMMITTEE ON SCIENCE

U.S. HOUSE OF REPRESENTATIVES

The National Academy of Sciences’
Decadal Plan for Aeronautics:

NASA’s Response

TUESDAY, SEPTEMBER 26, 2006
10:00 A.M.–12:00 P.M.

2318 RAYBURN HOUSE OFFICE BUILDING

Purpose
On Tuesday, September 26, 2006, at 10:00 a.m., the Space and Aeronautics Sub-

committee will hold a hearing on the reaction of the National Aeronautics and Space
Administration (NASA) to recommendations from the National Academy of Sciences
on how NASA should run its civil aeronautics research and development (R&D) pro-
gram. The hearing is a follow-up to a Subcommittee hearing on July 18, 2006, which
took testimony from four witnesses representing industry, academia, and the Na-
tional Academy of Sciences on two reports recently published by the Academy—Aer-
onautics Innovation: NASA’s Challenges and Opportunities, published in early May;
and the first ever Decadal Survey of Civil Aeronautics: Foundation for the Future,
published in early June.

A full copy of the July 18 hearing charter can be found here: http://
www.house.gov/science/hearings/space06/July%2018/Charter.pdf

Witnesses

Dr. Lisa Porter has been serving as NASA Associate Administrator for Aero-
nautics Research Mission Directorate since October 2005. She previously worked at
the Defense Advanced Research Projects Agency. Dr. Porter received her doctorate
in applied physics from Stanford University.

Gen. William Hoover (Air Force, retired) was Co-Chair of the National Academy
of Sciences’ Steering Committee that produced the report: Decadal Survey of Civil
Aeronautics: Foundation for the Future.

Overarching Questions

1. What should the goals, strategies and activities be for NASA’s aeronautics
research and development program?

2. What should NASA be doing to ensure that its research is relevant to the
long-term needs of industry and is used by industry? What should NASA be
doing to help keep the academic research enterprise healthy and to ensure
an adequate supply of aeronautics engineers and researchers?

Highlights of the July 18 Hearing
Opening Statements—

Dr. Paul Kaminski, Chair, Committee on Decadal Survey of Aeronautics. His open-
ing statement described the committee’s methods used to develop its 51 priority
challenges and eight recommendations. Additionally, he noted that the committee,
in its report, urged NASA to:

• Create a more balanced split in the allocation of aeronautics R&D funding be-
tween in-house research and external research. (The committee estimated
that NASA was spending 93 percent of its aeronautics research budget on
NASA engineers and technical specialists, with the remainder—$50 million—
being spent on external research.)
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• Closely coordinate and cooperate with other public and private organizations
to take advantage of advances in cross-cutting technology funded by federal
agencies and private industry.

• Develop each new technology to a level of readiness appropriate for that tech-
nology, given that industry’s interest in continuing the development of new
technologies varies depending on urgency and expected payoff.

• Invest in research associated with improved ground and flight test facilities
and diagnostics, in coordination with the Department of Defense and indus-
try.

Dr. Steve Merrill, Executive Director of the Academy’s Board on Science, Tech-
nology and Economic Policy, and manager of the committee that produced Aero-
nautics Innovation. His opening statement emphasized the growing ‘‘discrepancy be-
tween the needs said to be served by NASA’s program and the resources available
to it.’’ He also repeated general guidance offered in the report, including:

• A strategic focus for NASA that is in line with its budget, personnel, and
technical capabilities is likely to result in a reduced mission scope and port-
folio, but one with greater potential to achieve innovation in air transpor-
tation.

• The portfolio should reflect stakeholder needs. There should be open consulta-
tion with customers and users.

• There is a strong case for NASA to continue to pursue ‘‘public good’’ areas
of R&D work—those closely related to safe and efficient air traffic manage-
ment, environmentally more benign aviation operations (i.e., pollution and
noise reduction), and the certification of equipment and standards.

• NASA should continue to have a diversified portfolio in terms of the stage of
technology being developed, even if that means significantly fewer projects.

• Refocusing NASA aeronautics program exclusively on fundamental research
may appear to be a reasonable strategy given the current outlook for funding,
but it risks losing the support of industry.

Dr. Mike Romanowski, Vice President of Civil Aviation, Aerospace Industries Asso-
ciation. His opening statement described the decline in federal aeronautics R&D in-
vestment and the threats this trend posed to the future of the U.S. aviation indus-
try, and to our national security and prosperity. Dr. Romanowski also stressed the
importance of NASA and industry working closely together to plan and execute
R&D programs.

Dr. Parviz Moin, Professor of Mechanical Engineering and Director of the Institute
for Computational and Mathematical Engineering, Stanford University. In his open-
ing statement, Dr. Moin agreed with the current direction of NASA’s aeronautics
R&D program in light of the limited budget with which it has to operate. He argued
that:

• NASA’s emphasis on foundational research is appropriate;
• The biggest challenges facing the U.S. civil aviation system are related to air

traffic management systems, and environmental issues (noise and pollution);
and

• Computational modeling will become much more integral to the design of
next-generation aircraft, but at the same time, he emphasized that much re-
search in computer-aided modeling needs to be pursued.

Summary of Issues Discussed During Q&A—

• Decadal Survey. All witnesses agreed with the Decadal Survey’s recommenda-
tions, although Dr. Romanowksi suggested that the survey should have given
air traffic management technology R&D greater emphasis.

• NASA’s aeronautics R&D budget. Dr. Kaminski, offering a personal view, sug-
gested the budget ought to be doubled. Drs. Romanowski and Merrill ex-
pressed strong concerns about the declining trend in aeronautics funding but
did not suggest a preferred funding level.

• NASA funding for external research. Dr. Kaminski noted that the survey sug-
gested the current balance between NASA in-house and external needed re-
balancing, but the report did not specify what the balance ought to be.

• Basic research vs. technology demonstrations. Drs. Kaminski, Merrill and
Romanowski stated that NASA must undertake demonstration projects on a
selective basis.
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Full Cost Simplification
Recently NASA implemented an accounting change that should benefit its aero-

nautics research program. In mid-August NASA notified Congress that it was sim-
plifying the method used to calculate ‘‘overhead’’ rates charged by NASA Centers
against agency-funded projects and to external customers. Under the new system,
a single uniform rate for Center Management and Overhead (CMO) will be applied
to all Centers. Previously each Center’s overhead rate was unique (based—in part—
on size, personnel, and infrastructure) and the aeronautics research centers, housing
many of the oldest and largest test facilities within NASA, had relatively high rates.
The new, simplified formula will allow aeronautics centers to charge lower rates,
thus allowing them to be more competitive, especially with external customers.

The formula change, though, could give the unintentional and false appearance
that NASA is spending less on aeronautics research. For example, the FY07 budget
request for the Aeronautics Research Mission Directorate is $724 million; sub-
stituting the new overhead calculation, it would appear aeronautics R&D is being
reduced by almost $200 million. In a letter to the Committee, Administrator Griffin
stated that ‘‘the amount of funding going to each research Center is unchanged, the
amount of funding for direct program and project activity is unchanged, the total
amount of funding for overhead is unchanged, and the total NASA budget is un-
changed.. . .Let me assure you that there is zero change in Aeronautics Research
content as a result of this change in accounting.’’
DOD Memorandums of Understanding

In early August, NASA and the Department of the Air Force signed a Memo-
randum of Understanding (MOU) creating a partnership to coordinate aeronautics
research efforts. NASA and the Air Force agreed to: (1) include each other in their
major program reviews related to aeronautics research; (2) avoid duplication of aero-
nautics research; (3) share research data when security guidelines permit; and (4)
assist each other, as needed, in program peer reviews and proposal evaluations. The
MOU creates an Air Force/NASA Executive Research Committee to oversee these
efforts. The MOU also states that each agency shall fund its own participation in
the endeavor, and that nothing in the MOU alters the statutory authorities of
NASA or the Air Force. NASA is now seeking to update an existing MOU with the
Department of the Army, as well as enter a separate MOU with the Department
of Defense.
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Chairman CALVERT. If everybody would like to take their seat,
we will call the hearing to order. Without objection, the Chair will
be granted the authority to recess the Committee at any time.
Hearing no objection, so ordered.

I will begin my opening statement.
Yesterday afternoon, we returned from NASA’S Glenn Research

Center. It was the ninth Center that I have visited since becoming
Chairman last year. I certainly received a warm welcome from the
Center as well as the constituent Members of Congress. Each of
these visits have been a remarkable learning experience, and I
would encourage some of the other Members to join me next time
we schedule our next Center, which is the last Center I am going
to be visiting. This is going to be the 10th, which will be the Lang-
ley Research Center in Virginia, some place pretty close to my col-
league to my left. Maybe we can get over there and visit some of
the other beautiful attractions in that beautiful part of the State.
We will probably fly down Sunday, November 12, and spend Mon-
day, November 13 at the Center. I invite others to join us in what
has been an enlightening experience for us all.

Today we are holding the second of two hearings on NASA’s ef-
forts to refocus and reshape the nation’s civil and aeronautics re-
search program. The first hearing was held earlier this year on
July 18. At that time, we heard from our four witnesses rep-
resenting industry, academia, the National Academy of Science.
The hearing focused on two recently published reports by the Na-
tional Research Council. We asked our panel at the earlier hearing
to contrast and compare the recommendations of the report for
what they understand NASA is actually doing in its efforts to re-
shape and to strengthen its aeronautics research and development
program.

Today, the Subcommittee is honored to have Dr. Lisa Porter, who
also traveled with us yesterday to the Glenn Research Center with
our Co-Del, NASA Associate Administrator for the Aeronautics Re-
search Mission Directorate; and General Hoover, the Co-Chair of
the National Academy’s Steering Committee, which produced the
first ever decadal survey of civil aeronautics. I want to welcome
them and thank them for appearing before our subcommittee on
this subject so important to our nation.

Federally-sponsored aeronautics research began in earnest in
1915 with the establishment of the National Advisory Committee
for Aeronautics, NACA, and the Langley Memorial Aeronautical
Laboratory. In the years since, Langley and its sister aeronautics
research Centers at Glenn, Ames, and Dryden have produced enor-
mous technical and intellectual advances to our understanding of
manned flight.

The work is far from over. I visited each of these NASA Centers,
except for Langley, which I mentioned. It is on my schedule in No-
vember. Each Center is impressive with its intellectual capital and
the great projects that are being undertaken by each. The research
at these Centers has enabled the country to achieve supremacy in
military and civil aeronautics and related technology that con-
tinues to this day.

Having said that, during the past decade the level of federal in-
vestment in civil aeronautics research and development has signifi-
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cantly declined. In fiscal year 2007, aeronautics R&D at NASA will
account for less than five percent of the Agency’s budget. While it
may not be entirely fair to portray this level of funding as an indi-
cation of NASA’s commitment to aeronautics research, there is no
doubt that aeronautics is working in a very constrained budget at-
mosphere.

Given these trends, the questions we need to ask ourselves is
whether we as a country are jeopardizing our nation’s future capa-
bility to continue to develop and produce state-of-the-art aircraft
that are safe, efficient, and environmentally benign. Equally impor-
tant, are we competitive with foreign manufactured aircraft? Will
our air traffic management system be able to accommodate in a
timely way the projected growth in air traffic? The answers hinge
on NASA’s ability to devote the necessary resources and put in
place the best strategies and programs.

The Decadal Survey of Civil Aeronautics is intended to offer
NASA strategic guidance for its aeronautics R&D program. It iden-
tifies four priority strategic objectives, an excellent report and one
that should be very useful to NASA. At our July hearing, witnesses
agreed with the Decadal Survey’s recommendations. They also sug-
gested that NASA needs to increase its aeronautics budget, and
they stressed the importance of maturing promising technologies to
a level that would enable adoption by other governmental agencies
or industry. They urged NASA to consult and work with industry
on a routine basis and to increase the amount of funding for exter-
nal research.

I look forward to hearing the testimony of our witnesses on the
subject.

[The prepared statement of Chairman Calvert follows:]

PREPARED STATEMENT OF CHAIRMAN KEN CALVERT

Today we are holding the second of two hearings on NASA’s efforts to refocus and
to reshape the Nation’s civil aeronautics research program. The first hearing was
held earlier this year on July 18. At that time we heard from four witnesses rep-
resenting industry, academia, and the National Academy of Sciences. The hearing
focused on two recently published reports by the National Research Council. We
asked our panel at the earlier hearing to contrast and compare the recommenda-
tions of the reports with what they understand NASA is actually doing in its efforts
to reshape and to strengthen its aeronautics research and development program.

Today, the Subcommittee is honored to have Dr. Lisa Porter, NASA Associate Ad-
ministrator for the Aeronautics Research Mission Directorate, and General William
Hoover, Co-Chair of the National Academies’ Steering Committee, which produced
the first-ever Decadal Survey of Civil Aeronautics. I want to welcome them and to
thank them for appearing before our subcommittee on this subject so important to
our nation.

Federally-sponsored aeronautics research began in earnest in 1915 with the estab-
lishment of the National Advisory Committee for Aeronautics and the Langley Me-
morial Aeronautical Laboratory. In the years since, Langley and its sister aero-
nautics research centers at Glenn, Ames, and Dryden, have produced enormous
technical and intellectual advances to our understanding of manned flight. Their
work is far from over. I have visited each of these NASA Centers except for Langley,
which is on my schedule to visit in November. Each Center is impressive with its
intellectual capital and the great projects that are being undertaken by each. The
research at these Centers has enabled this country to achieve supremacy in military
and civil aeronautics-related technology that continues to this day.

Having said that, during the past decade, the level of federal investment in civil
aeronautics research and development has significantly declined. In FY 2007, aero-
nautics R&D at NASA will account for less than five percent of the Agency’s budget.
While it may not be entirely fair to portray this level of funding as an indication
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of NASA’s commitment to aeronautics research, there is no doubt that aeronautics
is working in a very constrained budget atmosphere.

Given these trends, the questions we need to ask ourselves is whether we, as a
country, are jeopardizing our nation’s future capability to continue to develop and
to produce state-of-the-art aircraft that are safe, efficient, and environmentally be-
nign. Equally important, are we competitive with foreign-manufactured aircraft?
Will our air traffic management system be able to accommodate in a timely way,
the projected growth in the air traffic? The answers hinge on NASA’s ability to de-
vote the necessary resources and put in place the best strategies and programs.

The Decadal Survey of Civil Aeronautics is intended to offer NASA strategic guid-
ance for its aeronautics R&D program. It identifies four high priority strategic objec-
tives. It is an excellent report and one that should be very useful to NASA.

At our July hearing, witnesses agreed with the Decadal Survey’s recommenda-
tions. They also suggested that NASA needs to increase its aeronautics budget, and
they stressed the importance of maturing promising technologies to a level that
would enable adoption by other government agencies or industry. They urged NASA
to consult and work with industry on a routine basis and to increase the amount
of funding for external research.

I look forward to hearing the testimony of our witnesses on these subjects and
I turn now to our Subcommittee Ranking Member, Rep. Udall, for his opening state-
ment.

Chairman CALVERT. I turn now to our Subcommittee Ranking
Member, my friend from the beautiful State of Colorado, where all
that water comes—thank God for gravity—downhill, for his open-
ing statement. Mr. Udall.

Mr. UDALL. Thank you, Mr. Chairman. Good morning. I would
also like to join Chairman Calvert in welcoming our two witnesses,
Dr. Porter, General. It is great to have you here.

As Chairman Calvert did, I would like to use my opening re-
marks to also provide some context for today’s hearing and explain
why I think it is important to undertake some serious oversight in
this area.

In short, I believe that the ill-advised budget cuts and changes
in NASA’s priorities are putting the Nation at risk of losing critical
aeronautics research and developmental capabilities. These are ca-
pabilities that we need now more than ever if we are to improve
the safety and reliability of our air transportation system, while at
the same time increasing its capacity to meet projected demand, in-
creasing its efficiency and performance and reducing its environ-
mental and energy impacts. Moreover, these same aeronautics
R&D capabilities have the ability to contribute to our national de-
fense and the security of our home land, as has been amply dem-
onstrated in the past.

Yet, instead of investing more in the highly productive aero-
nautics enterprise that has been built up within NASA and its
predecessor organization over the last nine decades, NASA is in the
process of dismantling those capabilities as it turns its attention
elsewhere and reallocates resources to new ventures. Because the
budgetary erosion has been incremental, it is easy to underesti-
mate the magnitude of the damage that is being done. Perhaps the
following statistics will help clarify the problem.

In 1994, NASA spent more than $1.8 billion—now, that is in
2006 dollars—on aeronautics R&D. For fiscal year 2007, on the
other hand, NASA has requested just $724 million, or two and a
half times less than the 1994 investment level. Another statistic:
the Administration’s budget plan for NASA’s aeronautics program
would have aeronautics funding decline by 32 percent between fis-
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cal year 2004 and fiscal year 2007, with a continuing decline in
purchasing power envisioned for at least the rest of the decade.

As Dr. Paul Kaminski, the Chair of the National Academy’s
Decadal Survey of Civil Aeronautics has warned, ‘‘This budgetary
trend will make it increasingly difficult for NASA to build a solid
foundation for the future.’’ Unfortunately, those budget cuts have
been coupled to a restructuring of its aeronautics program that ap-
pears to be backing away from the highly productive partnership
between government, industry, and academia, which has long been
the hallmark of NASA and its predecessor organizations’ aero-
nautics research programs.

Instead, NASA has turned to a program more narrowly focused
on fundamental research, the vast majority of which is to be car-
ried out in-house by NASA. While I applaud the strengthening of
NASA’s fundamental aeronautics research program, which has suf-
fered in recent years due to the overall squeeze on NASA’s aero-
nautics budget, that move unfortunately is coming at the expense
of a broader vision of what NASA’s aeronautics R&D should be
about.

Again, let me quote the words of several witnesses who testified
at our hearing on July 18. For example, Dr. Merrill of the National
Academy stated ‘‘The Committee concluded that support of funda-
mental research is important but not sufficient to accomplish the
Federal Government’s legitimate role in advancing the air trans-
portation system. There will remain a ‘‘Valley of Death’’ between
fundamental research results and systems innovation. Moreover,
the support of technology users needed to sustain NASA’s role in
aeronautics will very likely continue to wane, undermining even its
contributions to research.’’

Dr. Michael Romanowski of the Aerospace Industries Associated
noted that ‘‘Both government and the general public depend on in-
dustry to incorporate the results of NASA’s research into new sys-
tems and products that improve our nation’s infrastructure and
quality of life. Therefore, it is imperative that NASA’s aeronautics
research program includes a robust transitional research compo-
nent that lays a solid foundation for industry to explore inventive
ways to apply that research and perform a follow-up on applied
R&D necessary for market and public applications.’’ He added that
‘‘Under the restructuring of NASA’s aeronautics program, indus-
try’s role has been very limited. The new NASA aeronautics R&D
program allowed only seven percent of the aeronautics R&D budget
to be expended on external research contracts.’’

Dr. Kaminski of the National Academies echoed those concerns
in reporting on his committee’s findings, mainly that such a limited
fraction devoted to external research ‘‘would not adequately involve
industry or academia, or serve the best interests of NASA or the
Nation.’’

My concerns, however, extend beyond the lack of adequate par-
ticipation by industry and academia and NASA’s restructured aero-
nautics research program. They also go to my concerns that
NASA’s budgetary situation and its changed priorities are causing
it to reduce its commitment to longstanding efforts to address na-
tional needs in aeronautics and aviation.
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In recent congressional testimony on the Next Generation Air
Transportation System, whose acronym is NGATS, the GAO wit-
ness stated that ‘‘many experts told us that NASA’s new focus on
fundamental research creates a gap in the NGATS technology de-
velopment continuum. The FAA’s R&D Advisory Committee further
estimated that establishing the necessary technology development
infrastructure in the FAA could delay the implementation of
NGATS by five years.’’

That concerns me, as does the statement by FAA’s Aircraft Safe-
ty Advisory Subcommittee, which recently cautioned that ‘‘The
Subcommittee on Aircraft Safety is concerned that there may be in-
adequate resources in the FAA’s budget for taking on safety-related
research that NASA used to perform in the past, but won’t be fund-
ed to cover in the future.’’

And finally, there was testimony at the Science Committee’s re-
cent hearing on Homeland Security issues about R&D related to
unmanned aerial vehicles, known as UAVs. Namely that ‘‘One
might have expected NASA to pioneer in developing many of the
technologies listed above, as UAVs have both military and commer-
cial applications in addition to those of DHS. The UAV National In-
dustry Team and the NASA ACCESS 5 Project were addressing the
issues. With the reduction in the NASA aeronautics budget, AC-
CESS 5 was canceled and it appears this will not happen.’’

While I am sure that our NASA witness will make a good faith
effort to put the best face on what is going on, I am deeply con-
cerned that NASA’s aeronautics program is, to use the word of a
previous witness before this committee, on a path to being irrele-
vant to meeting our national needs. Now, I don’t believe we have
passed the point of no return, but we are getting close and the
clock is ticking.

Let me close by once again reminding everyone of the policy
statement contained in the NASA Reauthorization Act of 2005.
‘‘Congress reaffirms the national commitment to aeronautics re-
search made at the National Aeronautics and Space Act of 1958.
Aeronautics research and development remains a core mission of
NASA. Further, the government of the United States shall promote
aeronautics research and development that will expand the capac-
ity, ensure the safety, and increase the efficiency of the Nation’s air
transportation system, promote the security of the Nation, protect
the environment, and retain the leadership of the United States in
global aviation.’’

If these are to be more than noble sentiments, Congress and the
Administration together have a lot of work to do to get NASA’s aer-
onautics program back on a healthy and productive path.

With that, I again want to welcome our witnesses and I look for-
ward to their testimony.

[The prepared statement of Mr. Udall follows:]

PREPARED STATEMENT OF REPRESENTATIVE MARK UDALL

Good afternoon. I’d like to join Chairman Calvert in welcoming the witnesses to
today’s hearing. And I’d like to use my opening remarks to provide some context
for today’s hearing and explain why I think it is so important that we undertake
some serious oversight in this area.

In short, I believe that ill-advised budget cuts and changes in NASA’s priorities
are putting the Nation at risk of losing critical aeronautics research and develop-
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ment capabilities. These are capabilities that we need now more than ever if we are
to improve the safety and reliability of our air transportation system while at the
same time increasing its capacity to meet projected demand, increasing its efficiency
and performance, and reducing its environmental and energy impacts.

Moreover, those same aeronautics R&D capabilities have the potential to con-
tribute to our national defense and the security of our homeland—as has been
amply demonstrated in the past. Yet, instead of investing more in the highly pro-
ductive aeronautics enterprise that has been built up within NASA and its prede-
cessor organization over the last nine decades, NASA is in the process of disman-
tling those capabilities as it turns its attention elsewhere and reallocates resources
to new ventures.

Because the budgetary erosion has been incremental, it is easy to underestimate
the magnitude of the damage that is being done.

Perhaps the following statistics will help clarify the problem: In 1994, NASA
spent more than $1.8 billion (in 2006 dollars) on aeronautics R&D. For FY 2007,
on the other hand, NASA has requested just $724 million. . .or two and a half
times less than the 1994 investment level.

Another statistic: The Administration’s budget plan for NASA’s aeronautics pro-
gram would have aeronautics funding decline by 32 percent between FY 2004 and
FY 2007—with a continuing decline in purchasing power envisioned for at least the
rest of the decade.

As Dr. Paul Kaminski, the Chair of the National Academies’ Decadal Survey of
Civil Aeronautics has warned: ‘‘This budgetary trend will make it increasingly dif-
ficult for NASA to build a solid foundation for the future.’’

Unfortunately, those budget cuts have been coupled to a restructuring of its aero-
nautics program that appears to be backing away from the highly productive part-
nership between government, industry, and academia that has long been the hall-
mark of NASA and its predecessor organization’s aeronautics research programs. In-
stead, NASA has turned to a program more narrowly focused on fundamental re-
search—the vast majority of which is to be carried out ‘‘in-house’’ by NASA.

While I applaud the strengthening of NASA’s fundamental aeronautics research
program—which had suffered in recent years due to the overall squeeze on NASA’s
aeronautics budget—that move unfortunately is coming at the expense of a broader
vision of what NASA aeronautics R&D should be about.

Again, let me quote the words of several of the witnesses who testified at the July
18th hearing. . .

For example, Dr. Stephen Merrill, of the National Academies committee on In-
novation Models for Aeronautics Technologies has stated: ‘‘The committee con-
cluded that support of fundamental research is important but not sufficient to
accomplish the Federal Government’s legitimate role in advancing the air trans-
portation system. There will remain a ‘valley of death’ between fundamental re-
search results and systems innovation. Moreover, the support of technology users
needed to sustain NASA’s role in aeronautics will very likely continue to wane,
undermining even its contributions to research.’’

Dr. Michael Romanowksi of the Aerospace Industries Association noted that:
‘‘. . .Both government and the general public depend on industry to incorporate
the results of NASA’s research into new systems and products that improve our
nation’s infrastructure and quality of life. Therefore, it is imperative that NASA’s
aeronautics research program includes a robust transitional research component
that lays a solid foundation for industry to explore inventive ways to apply that
research and perform the follow-on applied R&D necessary for market and pub-
lic applications.’’
And he added that under the restructuring of NASA’s aeronautics program: ‘‘In-
dustry’s role has been very limited. The new NASA aeronautics R&D program
allowed only seven percent of the aeronautics R&D budget to be expended on ex-
ternal research contracts.’’

Dr. Kaminski of the National Academies’ echoed those concerns in reporting on
his committee’s findings, namely that such a limited fraction devoted to external re-
search ‘‘would not adequately involve industry or academia’’ or ‘‘serve the best inter-
ests of NASA or the Nation.’’

However, my concerns extend beyond the lack of adequate participation by indus-
try and academia in NASA’s restructured aeronautics research program. They also
go to my concerns that NASA’s budgetary situation and its changed priorities are
causing it reduce its commitment to long-standing efforts to address national needs
in aeronautics and aviation.
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In recent congressional testimony on the Next Generation Air Transportation Sys-
tem [NGATS], the GAO witness stated that: ‘‘. . .many experts told us that NASA’s
new focus on fundamental research creates a gap in the [NGATS] technology develop-
ment continuum. . .REDAC [the FAA’s R&D Advisory Committee] further estimated
that establishing the necessary [technology development] infrastructure in FAA could
delay the implementation of NGATS by five years.’’

That concerns me, as does the statement by FAA’s Aviation Safety advisory sub-
committee, which recently cautioned that: ‘‘[The] Subcommittee on Aviation Safety
is concerned that there may be inadequate resources in the FAA’s budget for taking
on safety-related research that NASA used to perform in the past but won’t be funded
to cover in the future.’’

And finally, there was testimony at the Science Committee’s recent hearing on
Homeland Security issues about R&D related to Unmanned Aerial Vehicles—
UAVs—namely that: ‘‘One might have expected NASA to pioneer in developing many
of the technologies listed above, as UAVs have both military and commercial applica-
tions in addition to those of DHS. The UAV National Industry Team (UNITE) and
the NASA ACCESS 5 Project were addressing the issues. With the reduction in the
NASA aeronautics budget, ACCESS 5 was canceled and it appears this will not hap-
pen.’’

While I am sure that our NASA witness will make a good faith effort to put the
best face on what is going on, I am deeply concerned that NASA’s aeronautics pro-
gram is—to use the word of a previous witness before this committee—on a path
to being ‘‘irrelevant’’ to meeting our national needs. I don’t believe we have passed
the point of no-return, but we are getting close, and the clock is ticking.

Let me close by once again reminding everyone of the policy statement contained
in the NASA Authorization Act of 2005: ‘‘Congress reaffirms the national commit-
ment to aeronautics research made in the National Aeronautics and Space Act of
1958. Aeronautics research and development remains a core mission of NASA. Fur-
ther, the government of the United States shall promote aeronautics research and de-
velopment that will expand the capacity, ensure the safety, and increase the efficiency
of the Nation’s air transportation system, promote the security of the Nation, protect
the environment, and retain the leadership of the United States in global aviation.’’

If those are to be more than noble sentiments, Congress and the Administration
together have a lot of work to do to get NASA’s aeronautics program back on a
healthy and productive path.

With that, I again want to welcome our witnesses, and I look forward to their tes-
timony.

Chairman CALVERT. I thank the gentleman. Without objection,
the opening statements of other Members will be put in the record.
Hearing no objection, so ordered. I would also ask unanimous con-
sent to insert the appropriate place in the record other statements,
as well as the background memorandum prepared by the majority
staff for this hearing. Hearing no objection, so ordered.

[The prepared statement of Mr. Honda follows:]

PREPARED STATEMENT OF REPRESENTATIVE MICHAEL M. HONDA

Chairman Calvert and Ranking Member Udall, thank you for holding this impor-
tant hearing today. I believe it is essential that, as NASA considers restructuring
its aeronautics program, the important advice being provided by the National Re-
search Council be taken into consideration.

Over the past several years, NASA has undertaken a series of significant over-
hauls of its aeronautics program, many of them without sufficient Congressional
Oversight. In his FY 2006 Budget Request, President Bush tried to cut aeronautics
programs over 21 percent by FY10, not counting the loss in purchase power due to
inflation. Only the actions of the Congress prevented these drastic cuts from taking
place.

The decisions NASA and the Administration are making seem to fly in the face
of a number of recommendations made by expert panels. A RAND Corporation panel
recommended that ‘‘of the 31 existing major NASA test facilities, 29 constitute the
‘minimum set’ of facilities important to retain and manage to serve national needs.’’
A National Academies committee concluded that ‘‘although a strong national pro-
gram of aeronautics research and technology [R&T] may not, by itself, ensure the
competitiveness of the U.S. aviation industry, the committee agrees with earlier
studies that without it, the United States is likely to become less competitive in aer-
onautics relative to countries with stronger programs. Aviation is an R&T-intensive
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industry.. . .Some aeronautics R&T programs have produced ‘breakthroughs’ that
are immediately usable.. . .More often, aeronautics R&T advances are evolutionary,
and a substantial number of years can pass before the aviation systems making use
of these advances enter service.’’ This last statement is particularly interesting in
light of the fact that NASA is currently saying that it is going to focus only on
‘‘breakthrough’’ technologies.

In the NASA Authorization Act of 2005, this committee recognized the short-
sightedness of the Administration’s plans to shut down key aeronautics test facili-
ties and included language to keep these facilities open. Unfortunately, there are
reports that as part of her restructuring of NASA’s aeronautics program, the Asso-
ciate Administrator is considering withdrawing support for facilities such as the
‘‘Future Flight Central’’ simulator, the Vertical Motion Simulator, and the Crew Ve-
hicle Systems Research Facility at the NASA Ames Research Center. I question the
wisdom of such actions and hope to hear the witnesses’ thoughts on them.

NASA seems to be following a course on aeronautics that has potentially grave
consequences not only for its Research Centers and those who work there, in par-
ticular the Ames Research Center near my district, but also for our nation. I hope
that Dr. Porter will address my concerns in her testimony.

Chairman CALVERT. I would now like to introduce our first wit-
ness, Dr. Lisa Porter, NASA Associate Administrator for Aero-
nautics. Before I do so, I might remind Dr. Porter that as we re-
quested in our authorization, we are looking forward to an aero-
nautics policy which is expected to be received in December. So I
would hope that that is on a timely basis and that we will receive
that document so we can review that this year.

Dr. PORTER. I believe you are referring to the National Aero-
nautics Policy, correct?

Chairman CALVERT. That is correct.
Dr. PORTER. Yes.
Chairman CALVERT. So we look forward to seeing that, and with

that, you are recognized for 10 minutes.

STATEMENT OF DR. LISA J. PORTER, ASSOCIATE ADMINIS-
TRATOR FOR AERONAUTICS, NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION

Dr. PORTER. Okay. Mr. Chairman and Members of the Sub-
committee, thank you for this opportunity to appear before you
today to present NASA’s new aeronautics research program. Before
I begin, I would like to first ask that my written statement and the
accompanying programmatic fact sheets be entered for the record.

Chairman CALVERT. Without objection, so ordered.
Dr. PORTER. Thank you, Mr. Chairman.
During the past year, NASA’s Aeronautics Research Mission Di-

rectorate, more commonly known as ARMD, has undergone a com-
prehensive restructuring to ensure that we pursue long-term cut-
ting edge research that expands the boundaries of aeronautical
knowledge for the benefit of the broad aeronautics community,
which includes our partners in academia, industry, and other gov-
ernment agencies. For the American public, our research will con-
tribute to a safer, more environmentally friendly and more efficient
national air transportation system. At the same time, our research
will continue to play a vital role in support of the vision for space
exploration.

Our restructuring has been guided by three core principles. First,
we will dedicate ourselves to the mastery and intellectual steward-
ship of the core competencies of aeronautics for the Nation in all
flight regimes. Second, we will focus our research in areas that are
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appropriate to NASA’s unique capabilities. And third, we will di-
rectly address the fundamental research needs of the Next Genera-
tion Air Transportation System, or NGATS, while working closely
with our agency partners in the Joint Planning and Development
Office, or JPDO.

Underlying all three principles is the fact that the most impor-
tant part of NASA’s aeronautics research is knowledge. Advanced
technologies often result from an improvement in our knowledge
and understanding. They represent an ability to apply the knowl-
edge that we have gained, but so do computational tools, experi-
mental methods, new scaling laws, and new design tools. If we do
not focus our research on fundamental aeronautical challenges that
will significantly advance our knowledge and understanding, any
technology that is developed will look like everything that came be-
fore.

A focus on devices—rather than on the knowledge that enables
them—leads to an emphasis on the wrong metrics to assess the
quality of aeronautics research. Most notable among these is the
Technology Readiness Level, or TRL. The TRL simply measures
the level of maturity of a particular technology. It does not assess
the value of the technology itself. One can develop a device to a
very high TRL, but that in no way guarantees that it will success-
fully transition to the aeronautics community. Conversely, some of
the most widely used products that have resulted from NASA’s aer-
onautics research are items to which one cannot assign a TRL,
such as technical reports, a whole host of computational tools, ex-
perimental techniques and methods, and aeronautical design con-
cepts. All of these successfully transitioned to the user community
and have been used broadly without the use of a TRL metric.

The correct question to ask, then, is not what is the appropriate
TRL for NASA to establish as a goal to ensure successful transition
of its technology, but rather, how do we ensure that the advances
in knowledge, understanding, tools, concepts, methods and tech-
nologies developed at NASA transition smoothly and quickly to the
broad aeronautics community?

We believe that we have implemented a process for restructuring
that answers this question. Our approach was designed to ensure
full and open access to information and opportunities for collabora-
tion with NASA without providing any preferential access to any
particular company or university. To that end, we used a request
for information, or RFI, to solicit interest from industry for cooper-
ative partnerships in pre-competitive research that would enable
NASA to leverage industry’s systems level expertise while facili-
tating the rapid transfer of knowledge and technology from NASA
to industry. We received more than 230 responses from over 100
different organizations. NASA researchers at the research Centers
then incorporated feedback from RFI respondents as well as from
colleagues in other government agencies to develop detailed tech-
nical proposals which will be viewed by panels of subject matter ex-
perts from the DOD, the JPDO, the FAA, and NOAA, who evalu-
ated the proposals based on a technical, management, resource,
and partnership plans. This rigorous proposal review process en-
sured that we had technically credible and relevant research objec-
tives and a sound approach for pursuing those objectives. It also al-
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lowed us to identify research areas where we needed to supplement
our in-house capabilities with external expertise. We used a NASA
research announcement, or NRA, as the means to solicit research
proposals in those areas and competition for the NRA awards is
full and open.

One of the key objectives of our NRA investment is to stimulate
close collaboration among NASA researchers and NRA award re-
cipients to ensure effective knowledge transfer. In the first evalua-
tion round, we received more than 700 proposals from more than
110 universities and over 120 companies and non-profits. We hope
to have awards in place by October and November of 2006.

Now that you have a better understanding about how we got to
where we are today, I would like to now address four key topics
that I believe are of particular interest to this committee.

First, I would like to address the issue of funding for aeronautics
research. The fiscal year 2007 President’s budget request of $724
million for ARMD provides the resources needed to support both
programmatic requirements and institutional requirements. As out-
lined in an August 15, 2006 letter from Administrator Griffin to
this committee, beginning in 2007 NASA plans to manage its Cen-
ter overhead costs with a single rate for the non-federal Centers.
This reallocation of Center overhead costs is a budget-neutral
change, meaning that the total amount of funding going to each
NASA Center is unchanged. The total amount of funding for direct
program and project activity is unchanged. The total amount of
funding for overhead is unchanged, and of course, the total NASA
budget is unchanged.

The aeronautics top line budget will decrease by about $200 mil-
lion under this overhead simplification approach, but that $200
million is not part of our direct research budget; it is part of the
institutional funding that pays for the overhead costs of the re-
search Centers, costs that will now be shared by all the mission di-
rectorates once the Agency’s overhead budget as a whole is redis-
tributed. The key point is that ARMD will still have the same re-
search content in all of its research and projects as a result of this
overhead accounting change, but we will no longer have to pay a
large portion of the overhead costs for the research Centers.

Let me now turn to the second topic, the NRC Decadal Survey
of Civil Aeronautics. Although it was sponsored by ARMD, it was
conducted completely and independently of the restructuring activi-
ties occurring within ARMD, per the National Academy rules. That
said, the 51 technical challenges and the five common themes iden-
tified in the report are closely aligned with our restructured re-
search portfolio. However, we would like to clarify one issue raised
in the report: the claim that ARMD spends 93 percent of its funds
in-house. In reality, $180 million of NASA’s fiscal year 2007 Presi-
dent’s aeronautic budget request would pay for out-of-house activi-
ties to support our research programs. Note that $180 million is
roughly one-third of our total budget under the simplified full cost
accounting approach.

The third topic I would like to highlight is the great progress we
are making in increasing and expanding our partnerships with re-
search stakeholders. In addition to the great success of our NRA,
we anticipate several space act agreements with industry that will
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enable us to work together in areas of pre-competitive research.
Some of these potential partnerships are highlighted in the mate-
rial that has been submitted for the record.

Another way that ARMD is reaching out to stakeholders is
through meetings with intellectual leaders in industry and aca-
demia. My senior staff and I frequently travel to companies and
universities across the country in order to interact with scientists,
engineers, and managers who best understand the research chal-
lenges of the aeronautics community.

In addition to reaching out to industry and academic stake-
holders, NASA is committed to expanding our partnerships with
the DOD. On August 7, 2006, NASA signed a memorandum of un-
derstanding with the United States Air Force covering aeronautics
research. Our partnership with the Air Force has its roots in some
tremendous historical accomplishments, including several success-
ful X-vehicle collaborations. Today, our partnership in X-vehicle re-
search continues with the X–51 hypersonics program, and the X–
48B blended-wing body program. But our partnership will extend
beyond X-vehicles and will include cooperation and collaboration in
many important areas of aeronautical research, including advanced
aircraft design, advanced propulsion technology, advanced mate-
rials design, and advanced safety technologies.

NASA is also committed to working with its government partners
in the JPDO. We have interacted closely with the JPDO during the
past year to ensure proper alignment of our research plans with
the needs of the NGATS. We solicited input from the JPDO during
both our preliminary technical planning last fall and our rigorous
proposal review process this past spring.

In addition to conducting research that directly addresses
NGATS challenges, we have placed a strong emphasis on active
participation in the JPDO, providing personnel, analysis tools, and
funding to directly support its functions and activities. Regarding
partnerships, it is important to note that our research will continue
to play a vital role in the support for the vision of space explo-
ration. Aeronautics research and space exploration are inextricably
linked. The recent gap filler incident on the STS 114 shuttle flight
served as a potent reminder that the first and last 100 miles of any
journey from Earth to lower Earth orbit, to the Moon, or to Mars
and back is through the Earth’s atmosphere. We must also remem-
ber that the atmosphere of Mars presents a daunting challenge for
safely landing large payloads; therefore, we will need to greatly ad-
vance our fundamental understanding in key aeronautics dis-
ciplines across all flight regimes, from subsonic through hypersonic,
in order to advance our capabilities for safe flight through any at-
mosphere, be it our own or that of another planet.

Finally, while ARMD has spent much of this year in a planning
and reorganization phase, each of our four programs has several
exciting technical accomplishments to report, some of which are de-
scribed in the programmatic fact sheets that were provided to you.
I would like to take a moment to highlight just a few of them.

First, in our Airspace Systems Program, the future air traffic
management concepts evaluation tool, or FACET, won NASA’s
Software of the Year Award in 2006. In the aeronautics test pro-
gram, we have initiated test technology investments, including
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standardizing wind tunnel measurements systems across all the re-
search Centers, and developing test facility control system simula-
tors. In the Aviation Safety Program, the airborne subscale trans-
port aircraft research test bed was completed and will support re-
search and prevent in recovery and upsets and transport aircrafts.
And finally, in the Fundamental Aeronautics Program, we pushed
the high end of the flight envelope jointly with the Air Force
through the Mach 5 ground testing of a thermally stable advanced
hydrocarbon field scram jet.

In conclusion, NASA’s aeronautics research will advance the
frontiers of flight for the benefit of the Nation’s civilian, federal,
and military communities. NASA’s restructured program ensures
long-term focus on fundamental research in both traditional aero-
nautics disciplines and relevant emerging fields that can be inte-
grated into multi-disciplinary system of capabilities that can be
broadly applied. This approach will enable revolutionary advances
in both the airspace system and the aircraft that fly within it.

Once again, thank you for the opportunity to testify today. I
would be pleased to answer any questions that you may have.

[The prepared statement of Dr. Porter follows:]

PREPARED STATEMENT OF LISA J. PORTER

Mr. Chairman and Members of the Subcommittee, thank you for this opportunity
to appear before you today to present NASA’s new aeronautics research program.
During the past year, NASA’s Aeronautics Research Mission Directorate (ARMD)
has undergone a comprehensive restructuring to ensure that we have a strategic
plan in place that enables us to pursue long-term, cutting-edge research for the ben-
efit of the broad aeronautics community.

Today, NASA’s aeronautics research programs are positioned better than ever to
provide meaningful and relevant research that is aligned with our National prior-
ities. We are conducting high-quality, innovative, integrated research across the fun-
damental disciplines of aeronautics, creating revolutionary tools, concepts, and tech-
nologies that will lead to a safer, more environmentally friendly, and more efficient
national air transportation system. At the same time, we are ensuring that aero-
nautics research and critical core competencies continue to play a vital role in sup-
port of the Vision for Space Exploration. Lastly, NASA’s refocused aeronautics pro-
gram is establishing strong partnerships with academia, industry and other Govern-
ment agencies, and in doing so, we are ensuring that our world-class resources are
readily available to them.
Guiding Principles

In restructuring NASA’s aeronautics program, we were guided by three core prin-
ciples: 1) we will dedicate ourselves to the mastery and intellectual stewardship of
the core competencies of aeronautics for the Nation in all flight regimes; 2) we will
focus our research in areas that are appropriate to NASA’s unique capabilities; and,
3) we will directly address the fundamental research needs of the Next Generation
Air Transportation System (NGATS) while working closely with our agency partners
in the Joint Planning and Development Office (JPDO). It is important to emphasize
that these principles are budget-independent, as they must be, in order to ensure
consistency and stability of programmatic decisions over the long-term.

Given the critical importance of these principles, I take the time here to elaborate
on each in more detail, beginning with the first. NASA’s ARMD does not have an
operational mission. We do not build aircraft to defend our Nation or to sell in the
commercial marketplace. We are not responsible for implementing the national air
transportation system, nor do we build robotic and human spacecraft. Our role is
to provide the wellspring of aeronautical knowledge for our partners in both the
Government and private sector who are responsible for these missions. Therefore,
we must and will pursue long-term, cutting-edge research in the core aeronautics
disciplines across all flight regimes, in order to enable the quantum leaps in knowl-
edge that lead to the development of revolutionary ideas, concepts, approaches, tech-
nologies, and capabilities that have broad applicability.
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Regarding the second principle, we will not duplicate research being conducted in
other agencies, nor will we conduct research that is the responsibility of other agen-
cies. Furthermore, we will not conduct research that is more appropriately con-
ducted in the private sector. Specifically, we will not conduct near-term, incremental
research, nor will we conduct research that benefits only a small subset of industry.
Our research will be pre-competitive, cutting-edge, and will benefit the community
broadly. To that end, we intend to publish our research results to the greatest ex-
tent practicable in as timely a manner as possible.

The third principle speaks to our commitment to the NGATS vision as articulated
by the JPDO. Here, it is important to realize that while Air Traffic Management
(ATM) research is a vital component of the fundamental research that we will con-
duct in support of the NGATS vision, our commitment must and will extend beyond
ATM research. Increasing the capacity of the ATM system by factors of two or three
will be nothing more than a theoretical exercise if we do not simultaneously address
the substantial noise, emissions, efficiency, safety, and performance challenges fac-
ing the air vehicles of the future. These are issues that cannot be worked in isola-
tion—a holistic approach to vehicle design will be required in order to address mul-
tiple and often conflicting design requirements.

Given these three principles, we then established the four programs within
ARMD: the Fundamental Aeronautics Program; the Aviation Safety Program; the
Airspace Systems Program; and the Aeronautics Test Program. The Fundamental
Aeronautics Program conducts cutting-edge research that produces concepts, tools,
and technologies that enable the design of vehicles that fly through any atmosphere
at any speed. The Aviation Safety Program is focused on developing revolutionary
tools, methods, and technologies that will improve the inherent safety attributes of
current and future aircraft that will be operating in the evolving National Airspace
System (NAS). The Airspace Systems Program is directly addressing the funda-
mental ATM research needs of the NGATS. This research will yield revolutionary
concepts, capabilities, and technologies that will enable significant increases in the
capacity, efficiency and flexibility of the NAS. The Aeronautics Test Program is en-
suring the strategic availability and accessibility of a critical suite of aeronautics
test facilities that are necessary to meet aeronautics, Agency, and National needs.

While each program focuses on a particular aspect of aeronautics research, the
four programs interact closely with one another starting with the researchers at the
NASA Research Centers all the way up the programmatic chain to Headquarters.
A detailed summary of each program is provided in the supplementary material,
which includes program and project overviews, key accomplishments in FY 2006,
and partnerships that have been established or that are being developed with indus-
try and other government agencies.
From Strategic Vision to Implementation: Details About Our Process

ARMD established a four-step approach to putting together technical plans in the
ten aeronautics projects in our four aeronautics programs. The approach was de-
signed to enable us to foster close collaboration with and to facilitate the exchange
of ideas and information among researchers at NASA, industry, academia, and other
government agencies, in a manner that benefits the community broadly.

Last fall, we completed the first step, during which researchers at the four re-
search Centers came together to develop preliminary ten-year roadmaps that in-
cluded technical milestones for each project in each program. These roadmaps were
vetted with our Government partners in the Department of Defense (DOD), Federal
Aviation Administration (FAA), and JPDO in late 2005, and were then presented
to the broad aeronautics community at the American Institute of Aeronautics and
Astronautics conference in January 2006, while simultaneously being posted to our
web site. Our intent was to ensure full and open access to information, without pro-
viding any preferential access to particular companies or universities.

In January 2006, we began our second step by releasing a Request for Information
(RFI), soliciting interest from industry for non-reimbursable cooperative partner-
ships in pre-competitive research that would allow NASA to leverage industry’s sys-
tems-level expertise while facilitating the rapid transfer of knowledge and tech-
nology from NASA to industry. We received more than 230 responses from over 100
different organizations, many of which have already resulted in working collabora-
tions.

Our third step was the internal proposal process. Using the preliminary roadmaps
as a starting point, NASA researchers incorporated feedback from RFI respondents
as well as from colleagues in other government agencies to develop refined technical
proposals for each project. These proposals were then reviewed by panels of Govern-
ment subject matter experts from the DOD, JPDO, FAA, and the National Oceanic
and Atmospheric Administration. Proposals were evaluated based on their technical,
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management, resource, and partnership plans. Simultaneously, the management at
the four NASA research centers conducted their own independent review of each
proposal. Researchers were then provided detailed feedback from both reviews and
used that feedback to further refine their proposals, which then underwent a second
peer-review at NASA Headquarters. This rigorous proposal review process ensured
that we had technically credible and relevant research objectives and a sound ap-
proach for pursuing these objectives. It also allowed us to identify foundational re-
search areas where we needed to supplement our in-house capabilities with external
expertise.

During the fourth and final step, we released a NASA Research Announcement
(NRA) to solicit proposals from the external community in foundational research
areas where NASA needs to enhance its core capabilities. NRA competition was full
and open. One of the key objectives of our NRA investment is to stimulate close col-
laboration among NASA researchers and NRA award recipients to ensure effective
knowledge transfer. The first round of proposals closed July 7, 2006. We are very
pleased with the number and quality of proposals received and the diversity of sub-
mitting organizations. In the first evaluation round, we received more than 700 pro-
posals from more than 110 universities and over 120 other organizations (companies
and non-profits). More than 600 highly qualified technical and scientific experts
from NASA and other organizations provided thorough reviews of these proposals.
We hope to have awards in place by October and November 2006. Additionally, the
NRA will remain open to enable us to conduct another round of proposal evalua-
tions.

In summary, ARMD has sought input from all aeronautics stakeholders during
its reorganization process, and we did so in a manner that did not provide pref-
erential access to information or opportunities for collaboration to any particular
company or university. Our research is paid for by the American public, and there-
fore we are obligated to provide aeronautics research that benefits the community
broadly. Narrowing our research focus to the needs of a small subset of companies
runs counter to our mission and counter to the Nation’s best interests. Therefore,
we are actively seeking participation from all aeronautics stakeholders during our
restructuring and are establishing close collaborations with both large and small
companies.
Aeronautics and Space Exploration

I would like to directly address the misperception by some individuals who believe
that support for the Vision for Space Exploration has resulted in a decline in the
Agency’s commitment to aeronautics research. Quite the contrary, aeronautics re-
search has a critical role to play in the Vision.

Aeronautics research and space exploration are inextricably linked. The X–15 pro-
gram provides a great historical example of the essential contributions that aero-
nautics research has made to our nation’s successful space exploration activities. By
contrast, the recent gap-filler incident on STS–114 shows what happens when aero-
nautics research fails to provide the fundamental knowledge and understanding
needed to address emergent issues across all flight regimes. When the concern arose
whether high speed air flowing over a protruding ‘‘gap filler’’ on the Shuttle could
cause excessive heating during re-entry, we did not have sufficient data or analysis
capability to provide a timely, decisive answer. As such, we were forced to conduct
an unplanned and somewhat risky space walk to remove the gap filler.

Our future space exploration efforts are critically dependent upon advancing our
state of knowledge in aeronautics. The STS–114 Shuttle flight served as a potent
reminder that the first and last 100 miles of any journey from Earth to lower-Earth
orbit, the Moon, or Mars and back is through the Earth’s atmosphere. We must also
remember that the atmosphere of Mars is approximately 60 miles thick, and its
properties present a daunting challenge for safely landing large payloads. It is thick
enough to cause severe heating challenges but thin enough to make deceleration ex-
tremely difficult. Therefore, we will need to greatly advance our fundamental under-
standing in key aeronautics disciplines such as aerodynamics, aerothermodynamics,
materials, and structures, across all flight regimes from subsonic through
hypersonic, in order to advance our capabilities for safe flight through any atmos-
phere, be it our own, or that of another planet.
NASA Discusses Issues Raised During July 18th House Aeronautics Sub-

committee Hearing
On July 18, 2006, Members of this committee held the first of two hearings about

NASA’s efforts to reshape its aeronautics research and development program. I was
unable to testify at that hearing, but am happy to be here today to address some
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of the issues and concerns raised by witnesses and Members during that first hear-
ing.

Today, there are four key topics of concern to the Committee that I would like
to address, the first of which is the National Research Council’s Decadal Survey of
Civil Aeronautics.
1) The Decadal Survey of Civil Aeronautics

Although the Decadal Survey of Civil Aeronautics was sponsored by ARMD, it was
conducted completely independently of the restructuring activities occurring within
ARMD. That said, the 51 Technical Challenges and five Common Themes identified
in the report are closely aligned with ARMD’s restructured research portfolio. For
example, the common themes of physics-based analysis tools and multi-disciplinary
design tools are present across all of our projects. We strongly agree with the re-
port’s findings that state that ‘‘an important benefit of advances in physics-based
analysis tools is the new technology and systems frontiers they open. New concepts
often emerge from a greater understanding of the underlying physics offered by new
analytical capabilities. NASA, industry, and academia can jointly participate in re-
search into physics-based analysis tools because it is fundamental in nature, pub-
lishable, and sharable. This research will take time to mature, yet advances can
readily be translated into practice as they occur.’’ We also strongly agree with their
comments regarding multi-disciplinary design tools: ‘‘The next step in the design of
more complex systems involves more than just. . .gluing together discipline-specific
analyses and optimization. New multi-disciplinary tools are needed to integrate
high-fidelity analyses with efficient design methods and to accommodate uncer-
tainty, multiple objectives, and large-scale systems. . ..’’

Regarding the theme of advanced configurations, we agree that the pursuit of ad-
vanced configurations, such as revolutionary aircraft concepts and advanced struc-
tural designs, can foster the implementation of innovative solutions to systems-level
challenges. In fact, across our research portfolio, our focus on physics-based, multi-
disciplinary design, analysis, and optimization tools with quantified levels of uncer-
tainty will enable virtual expeditions through design space in order to identify ad-
vanced configurations that have the greatest possibility of meeting multiple and
often conflicting system-level requirements. Regarding the intelligent and adaptive
systems theme, which ‘‘encompasses aircraft-level challenges aimed at sensing the
operational environment, actively responding to that environment, and learning
from the resulting interactions,’’ our Aviation Safety Program also embraces this as
an important theme. Finally, we agree that the ‘‘air transportation system must be
understood as a complex interactive system,’’ and we agree with each of the systems
issues identified under that theme, and with the cautionary statement that ‘‘system
models typically examine isolated effects or components within the system, and few
models attempt to examine a large range of complex, interactive system effects, es-
pecially those involving non-deterministic behaviors.’’

However, we would like to clarify one issue raised in the report—the claim that
ARMD spends 93 percent of its funds in-house, implying that 93 percent of our
funds pay for civil servants. In reality, $180 million of NASA’s FY 2007 aeronautics
budget request would pay for out-of-house to support our research programs. Of that
total, about $50 million would pay for research awarded under the NRA. The re-
mainder of the out-of-house dollars, about $130 million, would pay for on-site re-
search contractors (contracts are competitively awarded), hardware/software pro-
curements, wind tunnel fabrications, JPDO procurement funds and HQ studies such
as the Decadal Survey. None of the $180 million would pay for NASA civil servants.

Lastly, I would like to reiterate that NASA intends to fully comply with a statu-
tory requirement to conduct two National Research Council studies by Dec. 31,
2007.
2) Fundamental research vs. demonstration projects

The second topic I would like to address is NASA’s decision to focus on funda-
mental aeronautics research instead of point-design demonstration projects. There
are three points I would like to make regarding this topic:

First, it is important to understand that aircraft design is perhaps the ultimate
art of compromise. Every aircraft is an integrated system representing a balance
and compromise between conflicting requirements: it is a lesson as old as the
Wright brothers. Indeed, the modern discipline of system engineering has its roots
in the design of aerospace vehicles. Since aircraft of the future must continue to ad-
dress multiple and usually conflicting design challenges such as noise reduction,
emissions, fuel efficiency, and performance, addressing any one independently of the
others will lead to partial solutions at best, and at worst, solutions that are mis-
leading or ineffective. For example, focusing a significant amount of investment on
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a large-scale demonstration to ‘‘reduce noise by 50 percent relative to what the
state-of-the-art was in 1997’’ (a demonstration project that was proposed in early
2005) will almost certainly yield solutions that are optimized for noise reduction at
the expense of other critical system attributes. Reducing noise at the expense of per-
formance or fuel efficiency, for example, is unlikely to provide a viable economic al-
ternative to existing approaches. Revolutionary improvements in the capabilities of
future aircraft must incorporate an integrated approach to aircraft design, which in
turn necessitates a commitment to research that cuts across multiple disciplines
such as aerodynamics, combustion, acoustics, materials, and flight controls.

Second, it is critical to understand that a demonstration is not an experiment. A
demonstration sets out to prove that something works. An experiment, in contrast,
sets out to pursue technical truth. These are very different goals. In a school setting,
for example a high school or college physics or chemistry class, a demonstration can
be extremely useful to teach students an already known truth. But this is a very
different matter than undertaking fundamental research, where we are dealing not
with knowns, but with unknowns-in short, the ‘‘X factor’’ that is inherent in the X
series that have taken this nation from subsonic airplanes to hypersonic craft oper-
ating into space. Every airplane flying today demonstrates the basic principles of
flight. But every day, at NASA’s research centers, we are advancing our comprehen-
sion of those principles by probing the unknown via the scientific method. This is
more than mere semantics; it is the fundamental thing that sets a research program
apart from a demonstration. And there is another danger as well. If we think we
already know the answer to a question, and we set out to prove that we are right,
then we have forfeited our objectivity and have become advocates for a particular
approach or technology. NASA’s aeronautics programs must be conducted so as to
provide objective and unbiased assessments, and such objectivity is compromised
once one defines ‘‘success’’ as being ‘‘right.’’ In the 1930’s everyone ‘‘knew’’ the an-
swer to future propulsion needs: bigger and better piston engines. Many advances
in the state of the art for such engines were demonstrated. But it was in Britain
and Germany where the next crucial steps in aviation were taken, through experi-
ments with—not demonstrations of—jet and rocket engines. We must never find
ourselves in such a position again.

Let us explore the implications of such thinking in today’s world. Let’s say, for
example, that our research leads us to the discovery of a new concept for a device
that we estimate could reduce the noise output from an engine by 20 percent. A
demonstration (whether on the ground or in the air) would be designed to prove that
the device does indeed reduce noise output by at least 20 percent. In other words,
advocacy for the device becomes the goal of the demonstration and proof that the
device works as predicted becomes the metric for success. There would be a limited
number of runs, and the parameters would be chosen to ensure a high probability
that the device meets or exceeds predicted performance. However, even if the dem-
onstration is a ‘‘success,’’ the results will have limited applicability, because it is just
as important to know when the device fails to perform, and to try to understand
why, in order to be able to use it effectively. But failure of the device runs counter
to the objectives of a demonstration.

An experiment, on the other hand, would be designed to test the device across
as broad a test regime as possible and to make careful measurements, with quantifi-
able error bars, to characterize its performance as fully as possible. The device
would not be required to reduce noise output by 20 percent in order for the experi-
ment to be considered a success, because the goal of the experiment is truth. Rather,
the results would be useful to the broad community because the data would enable
the entire community to understand the capabilities and limitations of the device,
whatever they may be.

Third, some critics have assumed that NASA’s decision not to expend our re-
sources on large-scale point-design demonstrations equates to turning away from X-
vehicle research. This criticism is based on a misunderstanding of what X-vehicles
are designed to do. X-vehicles are not demonstrators; they are research aircraft.
They were originally developed as research tools, with the sky as a laboratory. For
example, the first X-vehicle, the X–1, was the result of a NACA/Air Force partner-
ship that produced the first high-speed aircraft built solely for aviation research
purposes. That it was not a mere demonstrator is evidenced by one of its design re-
quirements: the plane carried hundreds of pounds of research instrumentation, in-
cluding real-time telemetry, so that researchers could unlock the secrets of transonic
and supersonic flight. All told, 157 test flights were conducted during the original
X–1 program, and the knowledge generated from those flights was instrumental in
enabling us to design supersonic fighter jets and transonic jet airliners alike. The
X–15 program, which was a NACA/NASA, Air Force, and Navy partnership, per-
formed 199 test flights and yielded over 750 technical publications. The knowledge
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produced by the X–15 program was critical in the development of re-entry and
launch vehicles, including the Space Shuttle. Contrary to what some have claimed,
NASA sees great value in X-vehicles, and anticipates continuing such partnerships
with the DOD. For example, NASA is currently partnering with the DOD on the
X–51 hypersonics program—a program that is building upon the results from the
X–43A program. Ground testing of the X–51 engine will begin at NASA’s Langley
Research Center later this year, and flight tests are scheduled to begin in 2008.

The recent focus by some on demonstrations that prove technologies rather than
experiments that expand the boundaries of aeronautical knowledge can be linked to
the fact that some in the community have forgotten that the most important product
of NASA’s aeronautics research is knowledge. Advanced technologies often result
from an improvement in our knowledge and understanding; they represent an abil-
ity to apply the knowledge that we have gained. But so do computational tools, ex-
perimental methods, new scaling laws, and new design tools. A focus on devices
rather than on the knowledge that enables them leads to an emphasis on the wrong
metrics to assess the quality of aeronautics research. Most notable among these is
the ‘‘Technology Readiness Level,’’ or TRL.

The TRL simply measures the level of maturity of a particular technology. It does
not assess the value of the technology itself. One can develop a device to a very high
TRL, but that in no way guarantees that it will successfully transition to industry.
Conversely, some of the most widely used ‘‘products’’ that have resulted from NACA/
NASA’s aeronautics research are items to which one cannot assign a TRL, such as
NACA technical reports, computational tools such as OVERFLOW, CFL3D,
NASTRAN, and ACES, experimental techniques and methods, and aeronautical de-
sign concepts such as the transonic and supersonic area rules. All of these success-
fully transitioned to the user community and have been used broadly without the
use of a TRL metric.

The correct question to ask, then, is not ‘‘What is the appropriate TRL for NASA
to establish as a goal for technology development to ensure successful transition of
its technology?’’ but rather ‘‘How do we ensure that the advances in knowledge, un-
derstanding, tools, methods, and technologies developed at NASA transition smooth-
ly and quickly to the broad aeronautics community?’’ As outlined above, ARMD has
developed a comprehensive, four-step approach that we think answers this question.

Finally, there are some who focus on TRLs because they believe that NASA
should be required to provide sufficient investment in order to ensure that innova-
tive technologies are developed to a high-enough maturity level so as to guarantee
that industry can take them over with minimal risk. We note here what the Com-
mission on the Future of the U.S. Aerospace Industry (2002) stated:

‘‘Industry has the responsibility for leveraging government and university re-
search and for transforming it into new products and services, quickly and
affordably. But, the U.S. aerospace industry has not invested sufficiently to tran-
sition research into marketable products and services.’’
‘‘The Commission believes that the U.S. aerospace industry must take the leader-
ship role in transitioning research into products and services for the Nation and
the world. To assist them, the government must provide industry with insight
into its long-term research goals and programs. With this information, the in-
dustry needs to develop business strategies that can incorporate this research
into new products and services. Industry also needs to provide an input to the
government on its research priorities.’’

We at NASA believe that our restructured aeronautics program is well aligned
with these recommendations. We intend to pursue long-term, cutting-edge research
in the core aeronautics disciplines across all flight regimes, in order to enable the
quantum leaps in knowledge that lead to the development of revolutionary ideas,
concepts, approaches, technologies and capabilities that have broad applicability to
the aeronautics community. Such research is appropriate for NASA to conduct, be-
cause the pay-off from an economic standpoint is typically uncertain as well as long-
term, and the results are not appropriable to a single company.

Ultimately, however, it is up to each company to decide for itself whether to in-
vest in the development of particular concepts and technologies. Removing most or
all of the risk for industry to do that removes the influence of market economics.
This is indeed a significant distinction between us and other countries. We believe
that the free market is the best determination of what technologies should be devel-
oped for commercial application, not the government.

The bottom line is that if we do not focus our research on fundamental aero-
nautical challenges that will significantly advance our knowledge and under-
standing, any technology that is developed will look like everything that came be-
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fore. And large-scale demonstrations that ‘‘prove’’ that such technologies ‘‘work’’ are
the surest way to render NASA’s aeronautics research program irrelevant.
3) Expanding academic, industry and Government partnerships

The third topic I will address is ARMD’s determination to foster close collabora-
tion with researchers at NASA, industry, academia, and other Government agencies
in a manner that benefits the aeronautics community broadly. While ARMD has
spent much of this year in a planning and reorganization phase, I can report that
we are beginning to see the fruits of our labor pay off, particularly in the area of
increased and expanded partnerships with research stakeholders. There are several
ways in which NASA is reaching out to other aeronautics stakeholders. As outlined
above, the RFI and NRA processes are the first way in which we are doing this.

Another way that ARMD is reaching out to stakeholders is through meetings with
intellectual leaders in industry and academia. My senior staff and I frequently trav-
el to companies and universities across the country in order to interact with sci-
entists, engineers, and managers who best understand the research challenges of
the aeronautics community. Since October 2005, my staff and I have met with more
than 30 aeronautics companies, including several visits at company facilities across
the country. We have several more such visits planned for this coming year.

ARMD has also begun a series of informal meetings with the aeronautics commu-
nity that it intends to hold on a regular basis in order to maintain open lines of
communication. It is anticipated that aeronautics leaders from industry, academia,
industry associations, and non-profit associations will make up the pool of partici-
pants for the meetings, with the particular meeting topics determining the make-
up of the meeting attendees. These meetings are not intended to generate definitive
or consensus recommendations, but to provide participants with a forum to express
their various individual points of view as experts in their field.

In addition, ARMD’s research programs are using Industry Days as an effective
means to reach out to our industry stakeholders. Industry Days are a useful means
for industry participants to discuss the particulars of potential pre-competitive re-
search partnerships appropriate for work under Space Act Agreements. The Avia-
tion Safety Program, for example, recently hosted an industry day that drew around
100 participants representing about 25 companies as well as the FAA.

In addition to reaching out to industry stakeholders, NASA is committed to ex-
panding our partnerships with the DOD. On August 7, 2006, NASA signed a Memo-
randum of Understanding with the U.S. Air Force, making it explicitly clear that
we are committed to a partnership that has its roots in some of the greatest aero-
nautical accomplishments in world history.

Our historical accomplishments include several successful X-vehicle collabora-
tions, including the X–1 and the X–15 mentioned above. Today, our partnership in
X-vehicle research continues with the X–51 hypersonics program and the X–48B
Blended Wing Body program. We anticipate other opportunities for collaboration on
X-vehicle research in the coming months and years.

But NASA’s partnership with the Air Force will extend beyond X-vehicles and will
include cooperation and collaboration in many important areas of aeronautical re-
search. Clearly, our missions are different and distinct, and neither of us has any
intention of performing the other’s mission. But we are united in the common goal
of the pursuit of the frontiers of flight, and it is in the best interests of the Nation
for us to leverage each other’s strengths and work together to continue the heritage
of remarkable aeronautical achievements that this country has realized. Our col-
laborations will span all flight regimes from subsonic to hypersonic flight, and will
advance our country’s mastery of many of the critical elements of aeronautics, in-
cluding advanced aircraft design, advanced propulsion technology, advanced mate-
rials design, and advanced safety technologies, such as resilient aircraft control
methods and the ability to detect, predict, and mitigate the aging of aircraft compo-
nents and systems. We will also work together to ensure that the Nation sustains
a critical set of aeronautical research and test facilities.

Finally, NASA is committed to working with its government partners at the JPDO
to provide the high-quality, cutting-edge research and technical excellence required
to develop the NGATS. Here, we are building on a long history of collaboration with
the FAA.

ARMD has interacted closely with the JPDO during the past several months to
ensure proper alignment of our research plans with the needs of the NGATS. Spe-
cifically, we have solicited input from the JPDO during both our preliminary tech-
nical planning last fall and our rigorous proposal review process this past spring.
Our thorough proposal review process ensured that the plans were technically cred-
ible and well-aligned with the NGATS vision. This level of coordination and coopera-
tion will remain an ongoing element of the ARMD strategic partnership with the
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JPDO. In addition to conducting research that directly addresses NGATS chal-
lenges, we have placed a strong emphasis on active participation in the JPDO, pro-
viding personnel, analysis tools, and funding to directly support its functions and
activities. NASA is actively involved in all the organizational elements of the JPDO,
from the Integrated Product Teams and the Evaluation and Analysis Division up
through the Senior Policy Committee, which oversees the work of the JPDO and is
chaired by the Secretary of Transportation.
4) Aeronautics funding

Finally, I would like to address the issue of funding for aeronautics research. The
FY 2007 President’s Budget Request of $724 million for ARMD provides the re-
sources needed to support both institutional requirements and programmatic re-
quirements. Institutional requirements include corporate and center general and ad-
ministrative costs, and service pools to fund several key functions at the field cen-
ters. Programmatic costs support the direct activities for the four programs in this
new plan.

As outlined in an August 15, 2006 letter from Administrator Griffin to the Com-
mittee, beginning in 2007, NASA plans to manage its Center overhead costs with
a single rate for nine Federal Centers. This is a reallocation of Center overhead
costs results in full-cost budget changes to all programs and projects and top-line
changes to all Mission Directorates. This is a budget-neutral change. The amount
of funding going to each research Center is unchanged; the amount of funding for
direct program and project activity is unchanged; the total amount of funding for
overhead is unchanged; as is the total NASA budget.

ARMD’s overall budget will decrease by about $200 million under the overhead
cost simplification system. But let me be clear, that $200 million was never used
for research; it was always set aside to pay the overhead costs of the four research
Centers—costs that will now be shared by all the mission directorates once the
Agency’s overhead budget as a whole is redistributed. ARMD will still have the
same direct buying power. We also will no longer have to pay a large portion of the
overhead costs for the four research Centers—Langley, Glenn, Ames and Dryden.
The change also puts the research Centers on equal footing with the operational
Centers and recognizes them as critical Agency assets, with the Agency itself being
held responsible for the health of all ten Centers. Furthermore, the change will en-
hance transparency of Center expenditures, resulting in improved execution of
ARMD programs.
Looking Toward the Future

NASA is excited about the significant milestones in the Nation’s aeronautics pro-
gram that will occur this fall, not only in NASA’s aeronautics programs, but also
in the U.S. aeronautics community as a whole.

First, NASA looks forward to the JPDO’s public release of the Enterprise Archi-
tecture for NGATS in the near future. We will use this architecture as an additional
means to ensure that our aeronautics research programs continue to contribute to
the research needs of the Nation’s future air transportation system. We also look
forward to the Administration’s release of the new National Aeronautics Policy in
December.

For our part, ARMD hopes to have the first round of NRAs awarded by October
through November of 2006. Additionally, the NRA will remain open to enable us to
conduct another round of proposal evaluations. ARMD also anticipates finalizing
several partnerships with industry through Space Act Agreements. Details regard-
ing established and planned partnerships for each program can be found in the sup-
plementary material. We also anticipate the completion of several technical mile-
stones in many of our projects in the coming weeks and months, such as the testing
of the X–51 engine in Langley’s 8-foot tunnel, the Critical Design Review of the
Hypersonics Boundary Layer Transition Experiment (HyBOLT) with ATK, new
techniques for automatically analyzing large amounts of data to detect unsafe
trends in a timely manner, and the completion of the Airborne Subscale Transport
Aircraft Research (AirSTAR) test bed, which is a subscale fully functioning aircraft
that supports research in upset modeling, prevention, and recovery of transport cat-
egory aircraft.

Lastly, to better meet NASA’s mission, ARMD is taking an active role in devel-
oping a workforce that will help retain the United States’ leadership in aeronautics
and astronautics. ARMD sponsored a workshop on June 1, 2006 to explore what can
be done to improve the technical capabilities of a workforce to meet the needs of
both NASA and the aerospace industry. Workshop participants from government, in-
dustry, academia, and professional and industry organizations discussed the future
of higher education, and what can be done to better define and fill any gaps in the
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current education system that might prevent students from pursuing aerospace and
aerospace-related careers. Outcomes of the workshop included a number of ideas
and concepts, both near-term and long-term, about how we can all work together
to improve the size and capability of the future technical workforce.

Following the workshop, ARMD redefined a number of its educational activities
to better align with ongoing activities within universities, industry, and outside or-
ganizations. ARMD is partnering with these outside organizations by providing
technical expertise to help train and educate the future aerospace workforce. These
partnering activities include a series of case studies or lessons-learned monographs
on aeronautical topics; expansion of its ‘‘Beginner’s Guide to Aeronautics’’ Web-
based learning to include an updated module on the hypersonic regime; a series of
university texts and supplemental materials to fill gaps in the current educational
background of university students; support of design competitions that provide uni-
versity students with hands-on experience in the design and testing of aerospace
systems; and better methods for communicating NASA’s educational and research
opportunities to stakeholders.
Concluding Remarks

ARMD’s restructuring has resulted in a total of ten research projects distributed
across three programs, as well as a separate program dedicated to the preservation
of our key aeronautics test facilities. In order to ensure that our commitment to
technical excellence is maintained, we intend to: 1) Provide the details of the tech-
nical content of each of our projects on our web site; 2) Publish our research results
in peer-reviewed journals and NASA Technical Reports; 3) Establish technical work-
ing groups within each project to engage industry and academic partners on a reg-
ular basis in order to facilitate knowledge transfer; and 4) Conduct annual assess-
ments of our portfolio with the assistance of subject matter experts.

NASA’s aeronautics research will advance the frontiers of flight for the benefit of
the Nation’s civilian, federal, and military communities. In recent years, the empha-
sis on near-term, product-focused technologies shifted NASA’s focus from long-term,
cutting-edge research to incremental technology development and ‘‘point solutions’’
to complex challenges. NASA’s restructured program ensures long-term focus in fun-
damental research in both traditional aeronautical disciplines and relevant emerg-
ing fields that can be integrated into multi-disciplinary system-level capabilities
that can be broadly applied. This approach will enable revolutionary change to both
the airspace system and the aircraft that fly within it, leading to a safer, more envi-
ronmentally friendly, and more efficient national air transportation system.
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BIOGRAPHY FOR LISA J. PORTER

Lisa J. Porter, the Associate Administrator for the Aeronautics Research Mission
Directorate, leads the Agency’s aeronautics research efforts and is co-lead in the de-
velopment of a national aeronautics policy in cooperation with other government
agencies. She most recently served as the NASA Administrator’s senior adviser for
aeronautics.

Porter came to the agency following her service as senior scientist in the Ad-
vanced Technology Office of the Defense Advanced Research Projects Agency in Ar-
lington, Va. While there, she created and managed programs in diverse technical
areas ranging from fundamental scientific research to multi-disciplinary systems-
level development and integration efforts. Two of her programs focused on devel-
oping physics-based predictive design tools that leveraged advanced computational
fluid dynamics.

The Helicopter Quieting Program, focused on developing the capability to design
quiet rotor blades with minimal impact on aircraft performance. The Friction Drag
Reduction Program focused on developing the capability to implement friction drag
reduction technologies on naval platforms.

Porter has a Bachelor’s degree in nuclear engineering from the Massachusetts In-
stitute of Technology, Cambridge, Mass., and a doctorate in applied physics from
Stanford University, Calif. She was a lecturer and postdoctoral research associate
at MIT. She received the Alpha Nu Sigma MIT Student Chapter Outstanding
Teaching Award in 1996. She has authored more than 25 publications in a broad
range of technical disciplines including nuclear engineering, solar physics, plasma
physics, computational materials modeling, explosives detection and vibration con-
trol of flexible structures.

Chairman CALVERT. Thank you for your testimony, Doctor.
Now, we are pleased to recognize Major General Hoover. You are

recognized, sir. General, please, if you could speak directly into the
mic it would be helpful. Thank you. There is a green button there
to push. There we go.

STATEMENT OF MAJ. GEN. WILLIAM HOOVER (RET.), CO-
CHAIR, NATIONAL ACADEMY OF SCIENCES’ STEERING COM-
MITTEE

Major General HOOVER. Thank you. I apologize.
Thank you, Mr. Chairman, for the opportunity to testify before

you today. My name is William Hoover. I am a former Executive
Vice President of the Air Transport Association of America, a re-
tired Major General from the United States Air Force, and former
Chairman of the National Aeronautics and Space Engineering
Board. I would request that my formal remarks be—formal state-
ment be submitted for the record.

Chairman CALVERT. Without objection, so ordered, sir.
Major General HOOVER. It has been a while since Dr. Kaminski

testified before you on July 18. He was the Chairman of the
Decadal Survey. I would like to summarize in my remarks some of
the points he has made, and add a few of my own.

As he indicated, the study was organized with a steering com-
mittee of 15 members. We had five panels across varying dis-
ciplines, aeronautical disciplines, which included another 50 panel
members, and we had presentations from a number of other out-
side experts.

Because there was not a national aeronautics policy, we felt it in-
cumbent the steering committee to establish some guidelines upon
which the panels would have a basis for determining their research
and technology challenges. We selected six strategic objectives. Ca-
pacity, safety, and reliability were our highest priorities. Efficiency
and performance, energy, and environment were of next impor-
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tance. Because we concentrated on civil aeronautics, the synergies
with national and homeland security and support for space were of
lesser priority in the work of our committee.

The other pillar of our guidance had to do with why NASA? We
believed that since we were doing this study for NASA, we had to
really determine where the research was appropriate for NASA. We
identified four factors: supporting infrastructure, mission align-
ment, lack of alternative sponsors, and appropriate level of risk.

We use a methodology. It looks a little complicated. Dr. Kaminski
tried to explain it in his previous testimony. I just want to leave
you with the thought that this is a flexible process to make deci-
sions on complex issues, bringing qualitative judgings together of
a large number of experts. In quantitative terms, what it does for
you, it gives you results that are traceable, they can be replicated,
and they can be adjusted if a different set of priorities comes in the
future, such as—it might be the outcoming of a national aero-
nautics policy.

The next chart I have modified somewhat. It might be the one
appearing before you, but I thought it was useful to discuss why
we felt there were other factors, other than the research and tech-
nology challenges that were important to comment on in our study.
Basically, we identified a number of areas that dealt with
transitioning technology to the public use. We felt that is the bot-
tom line—the importance of the research and technology funding.

We talked about barriers. Barriers basically involve other agen-
cies. We identified two.

Certification. As systems become more complex, it becomes more
difficult to validate certification for safe entry in the air transpor-
tation system, particularly with the burgeoning software develop-
ments that have come along. NASA, we believe, needs to take the
issue of certification into consideration further up in its research,
and perhaps even conduct some research related to certification.

The second is change management, and this we relate to bring-
ing new technology and systems into a broader context of inter-
active systems, such as our air traffic control system. This is a sys-
tem that is very complex. It has not only got organizational issues,
research and technology issues, operational issues. So it is very dif-
ficult when you bring new technology or a new system into this en-
vironment, and we think that the change management is an issue
that needs to be addressed.

There are additional factors. Dr. Porter has already mentioned
technology readiness reviews. I think there is some commonality in
our thinking. We agree that there isn’t one level that seems appro-
priate to work for all cases. In fact, in our report we said and ex-
plained why we believe one size doesn’t fit all and we gave our ra-
tionale for whatever it is called, technology readiness levels or
whenever the transition of technology of whatever kind makes
sense in different circumstances.

We also had somewhat of a contentious issue with regard to the
allocation of resources between in-house and external organiza-
tions. We were informed in January of this year that the split
would be 93 percent and seven percent. Over the intervening
months, we were told that this number was in flux, but we never
really did get a firm number. Dr. Porter has just explained further
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rationale; however, in looking at her statement, I see—still see that
$50 million of that $180 million that she talked about is going to
external. The rest is going, basically, to support contractors for in-
ternal NASA work. I still do not see that this is, in fact, funding
that is going out to industry, in particular where we see it may be
important in hopes of facilitating transfer. We didn’t comment on
what the split should be. We think it is skewed too far. If it is per-
haps anything above 70/30, but again, I think it remains an issue
for the Congress to consider further.

Turning to our recommendations, I am only going to pick a few
of them. Recommendation one is that NASA should use the 51
highest priority research and technology challenges that we identi-
fied as a foundation for their future program. At this time, it is dif-
ficult for us to determine the commonality in the program that Dr.
Porter has laid out. I think this will take some time, but I think
what we have done is given you at least a basis for contrast. Our
recommendations, as I said, have a methodology that you can fol-
low through in tracing how we came to our recommendations. It is
based on an independent outside review. At the end of a day, the
NASA program, even though they had many sessions where they
listened to industry and outside sources, at the end of the day, it
is a program that has been developed by NASA in-house. So at
least you have a basis for contrast and comparison. Maybe they
will be very closely aligned.

Other recommendations, recommendation three, I was very
pleased to see in Dr. Porter’s statement that we have a great deal
of agreement on the five common themes that we identified in our
report, and I think they are as important as they are applicable
across several of the research and technology challenges. I think
these facilitate the system of systems evolution and encourage a
synergy for NASA funding.

Recommendation five addresses the change management issue.
Today, the way we bring systems in to the complex interactive sys-
tems that we have, such as air traffic control system, is through
coordination, cross fertilization, and frankly, it has resulted in
some fractured approaches in the past. My personal view is there
is a need for a more homogenous organizational approach. I think
the Joint Development and Planning Office was an ad hoc ap-
proach to this problem. I think it needs to be considered in further
context to other aeronautical issues.

Recommendation eight somewhat is set up by that previous rec-
ommendation. We believe it is time that the government should
conduct a high level review of organizational options for ensuring
U.S. leadership in civil aeronautics. This is broader than NASA to
undertake, and in fact, NASA may resist this, but we believe the
time has come. The Aldridge Commission, the President’s Commis-
sion on Aerospace, while they didn’t make specific recommenda-
tions, did discuss this issue and said at sometime it needed to be
looked at. It will require either the Administration or Congress per-
haps to step up and to bring this about. Perhaps the Congress will
have to do this.

Dr. Kaminski made a few points on what sets our study apart
from other studies in the past. I am not going to go through the
full list again. I do feel that it is important that it be recognized
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that the Department of Defense has a very sophisticated require-
ments process, a very strong push/pull between the war fighters
and the research and technology community. Dr. Porter’s statement
clarifies that NASA doesn’t have that same user dynamic relation-
ship, and therefore, it has been difficult over the years for NASA
to go to the OMB and the Congress and say that we believe that
these are requirements that underlie our research requests—fund-
ing requests. We believe that our study will help NASA in that re-
gard.

We do believe we have given you a methodology that you can use
for a variety of ways to look at how our program is developed, and
to compare future programs. We have identified what we believe
are some barriers and other factors that need to be addressed that
are beyond research and technology challenges, per se. We have
identified multi-agency issues that we believe call for organiza-
tional looks, and I think we have established, in the course of doing
our study, that there is a need for a national aeronautics policy.

I would now like to say—just get off the stage by saying I have
some personal concerns about where civil aeronautics is going. A
national policy, I think we need it. It needs to be tied to national
goals, such as where we are trying to go with world leadership in
aeronautics, the competitive issues. It is not just something that
can be used to define research and technology for research and
technology.

Transition of technology, I think this is important. Fundamental
research is important. I agree that what Dr. Porter is trying to do
will make some important contributions. I guess sort of falling back
on my military days, but I guess to a point where at some time it
is time to go out and kill something, and I think you need to think
about getting this into the systems, into the operational systems,
into something that the public is actually going to be able to use.
I think there is some urgency for solutions. I don’t think the next
generation air traffic control system can wait for necessarily the
fundamental research to come along. It is not the next next genera-
tion system, it is the next system that we need to get on board. I
think the issue of looking at the organizational options can’t wait
for another Administration to come on board. I think there are
questions about synergy with space and defense, and finally, about
the priorities within NASA.

Thank you very much, sir.
[The prepared statement of Major General Hoover follows:]

PREPARED STATEMENT OF MAJOR GENERAL WILLIAM HOOVER

Good afternoon, Mr. Chairman, and Members of the Committee. Thank you for
the opportunity to testify before you today. My name is William Hoover. I am the
former Executive Vice President of the Air Transport Association, and retired from
the United States Air Force as a major general. I appear before you today in my
capacity as co-chair of the National Research Council’s Committee on the Decadal
Survey of Civil Aeronautics.

The National Research Council is the operating arm of the National Academy of
Sciences, National Academy of Engineering, and the Institute of Medicine of the Na-
tional Academies, chartered by Congress in 1863 to advise the government on mat-
ters of science and technology.

In 2005, NASA requested that the National Research Council (NRC) establish the
Committee on the Decadal Survey of Civil Aeronautics under the auspices of the
Aeronautics and Space Engineering Board. The committee was charged with devel-
oping an overarching roadmap for investment in aeronautics research and tech-
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1 QFD is a group decision-making methodology often used in product design.

nology at NASA, and assessing how federal agencies can more effectively address
key issues and challenges. Our committee’s report was released in June of 2006.

The U.S. air transportation system is a key contributor to the economic vitality,
public well-being, and national security of the United States. The next decade of
U.S. civil aeronautics research and technology (R&T) development should provide a
foundation for achieving four high-priority Strategic Objectives:

• Increase capacity.
• Improve safety and reliability.
• Increase efficiency and performance.
• Reduce energy consumption and environmental impact.

Civil aeronautics R&T should also consider two lower-priority Strategic Objec-
tives:

• Take advantage of synergies with national and homeland security.
• Support the space program.

The purpose of the Decadal Survey of Civil Aeronautics was to develop a founda-
tion for the future—a decadal strategy for the Federal Government’s involvement
in civil aeronautics, with a particular emphasis on the National Aeronautics and
Space Administration’s (NASA’s) research portfolio. A quality function deployment
(QFD) process was used to identify and rank 89 R&T Challenges in relation to their
potential to achieve the six Strategic Objectives listed above.1 That process produced
a list of 51 high-priority R&T Challenges that must be overcome to further the state
of the art (see Table 1). These high-priority Challenges are equally divided among
five R&T Areas:

• Area A: Aerodynamics and aeroacoustics.
• Area B: Propulsion and power.
• Area C: Materials and structures.
• Area D: Dynamics, navigation, and control, and avionics.
• Area E: Intelligent and autonomous systems, operations and decision making,

human integrated. systems, and networking and communications.
Advances in these Areas would have a significant, long-term impact on civil aero-

nautics. Accordingly, federal funds, facilities, and staff should be made available to
advance the high-priority R&T Challenges in each Area.

Five Common Themes summarize threads of commonality among the 51 high-pri-
ority R&T Challenges:

• Physics-based analysis tools to enable analytical capabilities that go far be-
yond existing modeling and simulation capabilities and reduce the use of em-
pirical approaches.

• Multi-disciplinary design tools to integrate high-fidelity analyses with effi-
cient design methods and to accommodate uncertainty, multiple objectives,
and large-scale systems.

• Advanced configurations to go beyond the ability of conventional technologies
and aircraft to achieve the Strategic Objectives.

• Intelligent and adaptive systems to significantly improve the performance and
robustness of aircraft and the air transportation system as a whole.

• Complex interactive systems to better understand the nature of and options
for improving the performance of the air transportation system, which is itself
a complex interactive system.

These Themes are not an end in themselves; they are a means to an end. Each
Theme describes enabling approaches that will contribute to overcoming multiple
Challenges in the five R&T Areas. Exploiting the synergies identified in each Com-
mon Theme will enable NASA’s aeronautics programs to make the most efficient use
of available resources.

Even if individual R&T Challenges are successfully overcome, two key barriers
must also be addressed before the Strategic Objectives can be accomplished:

• Certification. As systems become more complex, methods to ensure that new
technologies can be readily applied to certified systems become more difficult
to validate. NASA, in cooperation with the FAA, should anticipate the need
to certify new technology before its introduction, and it should conduct re-
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search on methods to improve both confidence in and the timeliness of certifi-
cation.

• Management of change, internal and external. Changing a complex interactive
system such as the air transportation system is becoming more difficult as
interactions among the various elements become more complex and the num-
ber of internal and external constraints grows. To effectively exploit R&T to
achieve the Strategic Objectives, new tools and techniques are required to an-
ticipate and introduce change.

The report also encourages NASA to do the following:
• Create a more balanced split in the allocation of aeronautics R&T funding be-

tween in-house research (performed by NASA engineers and technical special-
ists) and external research (by industry and/or universities). As of January
2006, NASA seemed intent on allocating 93 percent of NASA’s aeronautics re-
search funding for in-house use.

• Closely coordinate and cooperate with other public and private organizations
to take advantage of advances in cross-cutting technology funded by federal
agencies and private industry.

• Develop each new technology to a level of readiness that is appropriate for
that technology, given that industry’s interest in continuing the development
of new technologies varies depending on urgency and expected payoff.

• Invest in research associated with improved ground and flight test facilities
and diagnostics, in coordination with the Department of Defense and indus-
try.

The eight recommendations formulated by the steering committee summarize ac-
tion necessary to properly prioritize civil aeronautics R&T and achieve the relevant
Strategic Objectives:

Recommendation 1. NASA should use the 51 Challenges listed in Table 1 as
the foundation for the future of NASA’s civil aeronautics research program during
the next decade.

Recommendation 2. The U.S. Government should place a high priority on estab-
lishing a stable aeronautics R&T plan, with the expectation that the plan will re-
ceive sustained funding for a decade or more, as necessary, for activities that are
demonstrating satisfactory progress.

Recommendation 3. NASA should use five Common Themes to make the most
efficient use of civil aeronautics R&T resources:

• Physics-based analysis tools
• Multi-disciplinary design tools
• Advanced configurations
• Intelligent and adaptive systems
• Complex interactive systems

Recommendation 4. NASA should support fundamental research to create the
foundations for practical certification standards for new technologies.

Recommendation 5. The U.S. Government should align organizational respon-
sibilities as well as develop and implement techniques to improve change manage-
ment for federal agencies and to assure a safe and cost-effective transition to the
air transportation system of the future.

Recommendation 6. NASA should ensure that its civil aeronautics R&T plan
features the substantive involvement of universities and industry, including a more
balanced allocation of funding between in-house and external organizations than
currently exists.

Recommendation 7. NASA should consult with non-NASA researchers to iden-
tify the most effective facilities and tools applicable to key aeronautics R&T projects
and should facilitate collaborative research to ensure that each project has access
to the most appropriate research capabilities, including test facilities; computational
models and facilities; and intellectual capital, available from NASA, the Federal
Aviation Administration, the Department of Defense, and other interested research
organizations in government, industry, and academia.

Recommendation 8. The U.S. Government should conduct a high-level review
of organizational options for ensuring U.S. leadership in civil aeronautics.
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This report should provide a useful foundation for the ongoing effort in the execu-
tive branch to develop an aeronautics policy. In addition, even though the scope of
this study purposely did not include specific budget recommendations, it should sup-
port efforts by Congress to authorize and appropriate the NASA aeronautics budget.

Thank you for the opportunity to testify. I would be happy to take any questions
the Committee might have.

COMMITTEE ON DECADAL SURVEY OF CIVIL AERONAUTICS
PAUL G. KAMINSKI (NAE), Chair, Technovation, Inc., Fairfax Station, Virginia
WILLIAM W. HOOVER, Co-Chair, U.S. Air Force (retired), Williamsburg, Virginia
INDERJIT CHOPRA, University of Maryland, College Park
EUGENE E. COVERT (NAE), Massachusetts Institute of Technology, Cambridge
ALAN ECKBRETH, Connecticut Academy of Science and Engineering, Hartford
THOMAS HARTMANN, Lockheed Martin Aeronautics Company, Palmdale, Cali-

fornia
ILAN KROO (NAE), Stanford University, Stanford, California
NANCY LEVESON (NAE), Massachusetts Institute of Technology, Cambridge
IVETT LEYVA, Microcosm, Inc., El Segundo, California
AMY PRITCHETT, Georgia Institute of Technology, Atlanta
EDMOND SOLIDAY, United Airlines (retired), Valparaiso, Indiana
JOHN VALASEK, Texas A&M University, College Station
DAVID VAN WIE, Johns Hopkins University, Laurel, Maryland
ROBERT WHITEHEAD, Aerospace Consultant, Henrico, North Carolina
DIANNE S. WILEY, The Boeing Company, Huntington Beach, California
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DISCUSSION

NASA’S RESPONSE TO THE DECADAL SURVEY
RECOMMENDATIONS

Chairman CALVERT. Thank you for your testimony, General.
Doctor, of the Decadal Survey recommendations and high priority

challenges, are there any of those of which you take exception to?
Dr. PORTER. Let me just pull up my sheet on this so I answer

your question correctly.
We actually did a cross cut matrix of all the 51 technical chal-

lenges that were recommended, and we looked at our own road-
maps to identify where—if they did exist in our programs, where
they laid out. We found that 47 of the 51, so that is greater than
90 percent of those recommendations are presently being addressed
in our current research portfolio.

Chairman CALVERT. Were there, in your opinion while you are on
that, were there omissions that should have been included also?

Dr. PORTER. There are other things that we are addressing that
were on their list but at a lower level. In particular, as General
Hoover mentioned, they did not put as high an emphasis on appli-
cations to our partners in the DOD, nor to our partners in the
space side. And so some of the hypersonics challenges received a
lower rating than we actually had in our own portfolio. But for the
most part, we think that the recommendations that they had
present a good breadth of capability and we think that we have got
a very good cross correlation with those recommendations.

HYPERSONIC FUNDING

Chairman CALVERT. While we are on the issue of hypersonics, in
your ’07 budget request hypersonics research received the second
highest allocation of funding. I believe it was about $114 million,
among all proposed projects for civil aeronautics research. And so
obviously, that is a significant priority, and as proposed, it is slated
to get more funding than the supersonic R&D budget, which is, I
believe, about $85 million; the Aviation Safety budget which is
$102 million; and almost the same funding for the entire airspace
systems R&D, which is about $120 million.

So I guess the question would be what is NASA’s rationale? Is
hypersonics that high a priority for the civil industry, or is there
some other issue going on that we are not aware of?

Dr. PORTER. The way we structured out our portfolio is to ensure
that we align with the core principles we established, and one of
those core principles is to ensure mastery across all of the flight re-
gimes in the core competencies of aeronautics. We must pursue the
frontiers of flight. That is what we do for the Nation and that fron-
tier does not stop at Mach 1, obviously. We need to be very vigilant
in ensuring that we are always on the cutting edge in hypersonics,
supersonics, subsonics. In all that continual spectrum of flight re-
gimes, we have to ensure that we are on the cutting edge.
Hypersonics is part of that cutting edge.

I will tell you that during the NRA, we received, as you know,
700 proposals. Over 100 proposals came in from universities in
hypersonics. When you talked to students out there as I have done,
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hypersonics represents the unknown. It represents what we do not
yet understand or master, and therefore, it is a very exciting area
of research. I would also point out that that fact is well-recognized
around the world, so I feel that NASA has a very important com-
mitment there.

Chairman CALVERT. General Hoover, what are your views about
the level of hypersonics?

Major General HOOVER. Well, as I said, we focused on—since
NASA is the only really research and technology agency devoted to
civil aeronautics, we tried to focus our view on how the NASA
budget—aeronautics budget could best be used to that end.

I don’t disagree with Dr. Porter that hypersonics is an important
research area. I would perhaps suggest that if it is that important,
maybe she should be getting some help in her funding from other
people’s budgets.

Chairman CALVERT. Well, on that subject, Doctor, are there oth-
ers involved in hypersonics with you? DARPA, DOD?

Dr. PORTER. Yes, absolutely. The X–51 program which NASA is
a part of is also being funded by DARPA and the Air Force. In fact,
DARPA and the Air Force are contributing most of the procure-
ment dollars to that. NASA is bringing to bear its own in-house ex-
pertise, as well as partnership outreach opportunities with the uni-
versities as I just explained. Not to mention, our unique world class
facilities, most notably our eight foot tunnel at Langley where we
just recently, as I mentioned, completed some cutting edge firsts of
their kind hypersonics tests with the Air Force.

Chairman CALVERT. I will come back for some more questions.
Mr. Udall, you are recognized.
Mr. UDALL. Thank you, Mr. Chairman.

FUTURE OF AERONAUTICS RESEARCH

If I might, I will start with Dr. Porter. You have undoubtedly
heard the concerns expressed by many in the aeronautics commu-
nity about the decline in the NASA budget. You and I have had
spirited discussions of this situation. As well, I want to thank you
for your service.

Do you consider yourself to be an advocate for additional aero-
nautics funding within NASA, and if so, why, and if not, why not?

Dr. PORTER. Sir, I am not sure I understood the question. Do I
consider myself an advocate for——

Mr. UDALL. For additional aeronautics funding within NASA.
Dr. PORTER. I consider myself an advocate for a strong aero-

nautics program, and I believe that is what we have.
Mr. UDALL. If I could turn to the General. Where do you think

the long-term prognosis for the research program and for the
health of the aeronautics in the U.S. is if current budgetary trends
continue, General?

Major General HOOVER. Well, I think I would share Dr.
Kaminski’s view that there is a concern that the trend is not con-
ducive to supporting a strong aeronautics research program, and
that if it continues in this downward trend—we are already, I
think, at a marginal level for funding, and we are getting to a point
whether it is really going to be possible to really continue some-
thing that really will be relevant.
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Mr. UDALL. What I hear you saying is we still have airspeed
today, but we will stall at some point?

Major General HOOVER. That would be a good aeronautical anal-
ogy.

TECHNOLOGY READINESS LEVELS

Mr. UDALL. And once you stall, you fall like a rock.
If I could turn to a more specific area, although on the heels of

the previous question. In Dr. Porter’s testimony, she stated that
one can develop a device to a high technology readiness level, but
that in no way guarantees that it will successfully transition into
industry. That statement, to me, seems to confirm the point that
the Decadal Survey and other groups have been making, namely
that without the active involvement of industry in NASA’s aero-
nautics program, that the research NASA does runs the risk of
being not relevant or applicable to societal or government needs.

If I looked at the TRLs, the Technology Readiness Levels, why
do the Decadal Survey participants believe that is important for
NASA to carry some research to higher levels of maturity than oth-
ers, and not to confine all of NASA’s research to just basic re-
search?

Major General HOOVER. Well, there is the concern, I think,
about—again, in Dr. Porter’s statement about funding something
that would be useful, perhaps, for just one corporation. I realize
that is a concern, but when technology is at a point where in to-
day’s environment, industry cannot make the business case to
bringing the bottom line back to its stockholders—an improvement
to the bottom line. Within two or three years, they are not anxious
to pursue that technology in-house. They, I think—and justifiably,
should be interested in NASA funding the longer-term research,
and in that case, until the research has gotten to a point where in-
dustry feels comfortable that, in fact, they can bring it on board
and continue to develop it themselves, I think in those instances
then NASA has to take that technology research level further down
the road. Where industry is very interested in something that they
can see quick return, and ask to turn it over to them, perhaps at
a TRL level two or three.

The same kinds of considerations go when they talk about turn-
ing it over to other government agencies. If they are turning it over
to the Department of Defense, which has a strong research and
technology basis in their laboratories and Centers, again, they
could turn that research over at a much lower technology research
level because the Department of Defense can then pick it up on
their own and continue it. When you turn it over to an agency like
the FAA, that might be a different situation. In that case, it might
be necessary first to get that technology into industry, and again,
that would be at a point where industry felt that in turn they could
provide it to the FAA and make some kind of, you know, some kind
of profit.

So again, the technology research level would be at a different
point, so I think we sort of agree, certainly, TRL level six is not,
you know, the one-size-fits-all approach.
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Mr. UDALL. My time is about to expire, and I do want to give
other members a chance. I think we will get a second round of
questions.

But what I hear you saying, and I have to confess, and I have
confessed to Dr. Porter and confess to you—everybody is here, I am
the consummate layperson. I am not a scientist. I am not a tech-
nologist, but I know how important this is to our future.

But I hear you saying that, at some level, your concern is that
we are putting a one size fits all strategy in place, and that in fact,
you need a lot of flexibility to meet—so that industry and NASA
team up, and that the technologies that are emerging can vary in
the support they need at one point or another along the spectrum.

Major General HOOVER. Well, I would agree with that, and I
don’t know that there is a conscious effort to put a strategy in
place, but I think some in the past have thought well, gee, there
must be some level that that all works at, and that is not the case.

Mr. UDALL. Thank you.

NASA AND CHINA

Chairman CALVERT. Mr. Forbes, you are recognized for five min-
utes.

Mr. FORBES. Thank you, Mr. Chairman. Mr. Chairman, thank
you for holding this hearing, and Dr. Porter and General Hoover,
thank you for the work you do, for being here today, and also, for
your written statements.

And Dr. Porter, I just have a question for you. It is my under-
standing that NASA Administrator Griffin is in China this week
visiting his counterpart at the China National Space Administra-
tion, and Administrator Griffin stated that one of the most impor-
tant aspects of his trip is the opportunity to gain better trans-
parency and trust.

Popular Mechanics recently reported that an Arms and Strategic
Technology Investigations Unit of the Bureau of Immigration and
Customs Enforcement uncovered a plot by an individual working
for China’s People’s Liberation Army to purchase an F110–GE–129
afterburning engine built by General Electric to power the F–16 at
speeds greater than Mach 2.

What are NASA’s concerns with respect to China’s ability to re-
verse engineer some of our most sensitive technologies from sat-
ellites to engines to entire planes, and to what extent are the U.S.
and China developing a relationship with respect to aeronautics re-
search and development?

Dr. PORTER. Well, I would like to speak to that in regards to aer-
onautics, and there, we don’t have any planned partnerships with
the Chinese at this time for our hypersonics or anything else.

Mr. FORBES. Do we have any concerns about their re-engineering
or reverse engineering some of the equipment that they are pur-
chasing, and using that to our disadvantage?

Dr. PORTER. I am not really an expert in that, so I——
Mr. FORBES. Okay.
Dr. PORTER.—would rather not answer that.
Mr. FORBES. The second question I have is the NASA authoriza-

tion bill directs the Administration to develop a national aero-
nautics policy by the end of 2006, to guide NASA’s aeronautics re-
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search program. What kind of investment will NASA have to make
in the coming years to ensure that this policy is a blueprint, rather
than simply a wish list?

Dr. PORTER. The policy, of course, is, as you said, targeted for
signature or completion in December, so until then, I can’t com-
ment on the details, but the policy itself will not comment on spe-
cifics of budget, of course, because there will be a Presidential pol-
icy.

I think what we have put together, as far as a program, is very
much of the nature that would be aligned with, hopefully, what you
will see, but we will have to wait until December.

MORE ON THE FUTURE OF AERONAUTICS

Mr. FORBES. Okay. And last question on this round, the 2002
NASA Aeronautics Blueprint, the 2002 Report of the Commission
on the Future of U.S. Aerospace Industry, and the 2005 National
Institute of Aerospace Report conclude that U.S. competitiveness in
the aerospace industry is in jeopardy without a substantial, long-
term, sustained investment in aeronautics research. The National
Research Council’s report titled ‘‘Aeronautics Innovation: NASA’s
Challenges and Opportunities,’’ and the 2006 Decadal Survey of
Civil Aeronautics makes recommendations to accelerate NASA’s
aeronautics program. Where will the focus on fundamental aero-
nautics take us in the next five, ten, and twenty years?

Dr. PORTER. The intention of the program is to ensure that, in
fact, we do address those concerns that were raised both in the
Walker report and previous NRC reports, and the NIA report that
you mentioned. All of those reports were part of what informed our
thinking on how we restructured the program, and there was a
consistent message in all of those reports regarding the importance
of getting on the cutting edge, making sure we have a long-term
focus in our research.

Indeed, because of some of the issues that the General raised re-
garding the need for the government to take that role, because in-
dustry has different challenges associated with being able to take
a long-term strategic approach, where the government does well
there. So, what you are going to see is a program, or what we have
put together, we think as a program, that addresses those funda-
mental challenges, that answers, or tries to answer those really
hard questions that we need to answer across the breadth of our
portfolio, so that we can truly make revolutionary advances in
aerospace, in air safety, and of course, in the performance and the
reliability, and the fuel efficiency and the emissions and noise char-
acteristics of those vehicles that will fly in the future.

Mr. FORBES. Thank you, Mr. Chairman.
Chairman CALVERT. Thank the gentleman. Mr. Miller, you are

recognized.

HUMAN FACTORS IN RESEARCH

Mr. MILLER. Thank you.
Dr. Porter, one of the observations of the report was that the air-

line industry had depended greatly on NASA for research into avia-
tion safety, as it was affected by human factors, and expressed the
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concern that a substantial loss, which the cuts have led to, in ex-
pertise at NASA, and at universities doing research for NASA, in
human factors, would affect airline safety.

Is that a finding that you embrace, and what are your rec-
ommendations?

Dr. PORTER. I think it is a finding that is actually misinformed,
and let me explain why.

Previously, there was a program, or I should say a project, that
was called Human Measures and Performance, and what we did
when we restructured the program was to ensure that the human
factors research we conduct is integrated into our research in aero-
space and in safety both. So, we have very strong human factors
research components in both of those areas, but they are integrated
into the research, rather than being isolated and separated, so
there—so that particular project went away, and I think some peo-
ple misinterpreted that therefore, our commitment to human fac-
tors research went away, when in fact, it is still a very strong com-
mitment in both safety and in the aerospace systems program.

Mr. MILLER. General Hoover, what is your view on that?
Major General HOOVER. Well, we had a very strong, I would say

advocacy for human factors within our committee, and had very se-
rious debates. We ended up not identifying specifically a human
factors research area, if you will, but rather, numerous other appli-
cable research undertakings that supported the human factors
issues.

I think it is important, and I know that NASA has had, in the
past, a strong tradition of involvement in human factors, particu-
larly out at Ames, and I think it is an area that, in various ways,
needs to be supported.

Mr. MILLER. Dr. Porter, General Hoover just mentioned Ames,
and said that was where most of the human factors research has
been focused. I understand that just in the last budget year, we
have lost 15 percent of the experts at Ames, who were actually
NASA employees, and 70 percent of contractors and academics who
were studying human factors. I am sure you remember that one of
the criticisms in the investigation of the last Shuttle disaster was
that so much of the expertise had been contracted out that there
were not enough experts walking the halls, brushing shoulders
with each other, talking to each other, and there was simply a lack
of a collection of experts, and that that was a problem for NASA
in recognizing problems.

Are you concerned that the loss of experts from Ames, where
they are doing research into new procedures to avoid, or new tech-
nologies to avoid human error, human factors that threaten airline
safety or aviation safety, will actually be a problem for the airline
industry and others, simply not having access to experts that they
need?

Dr. PORTER. Sir, I would reiterate my point that human factors
is still a very strong element of my aviation safety program, and
of course, a lot of that expertise does reside in Ames. I agree whole-
heartedly with that observation.

Mr. MILLER. Is the information that I have that 15 percent of the
experts have——
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Dr. PORTER. That I would have to go back—I would have to take
that question for the record, and confirm your numbers, because I
don’t have those specific to the human factors in front of me.

Mr. MILLER. Okay. Because the information I have is that 15
percent of the NASA employees who were experts in human factors
are gone, and that 70 percent of the contractors and academics are
gone.

Dr. PORTER. Well, I can tell you that the NRA that we released,
which is, of course, was targeting academics and companies that
conduct cutting edge research, did have human factors elements in
them, so certainly, we are reaching out to universities that conduct
that research.

But I can’t comment on the specific numbers, because I just don’t
have those in front of me, but I will take your question for the
record.

Mr. MILLER. General Hoover, I understood your answer to the
last question was that you did not—that you agreed with your re-
port, not with the agencies NASA’s response to the report. Is my
concern about the lack of experts simply being together, having
kind of a critical mass of expertise, is that a problem for aviation
safety?

Major General HOOVER. Mr. Miller, I don’t know that I can really
answer that question. As I said, it is difficult, because NASA’s pro-
gram has been evolving, and we—and the committee I was on real-
ly didn’t have that kind of interaction with the NASA programs.
They wanted us to take an independent view, and in our research
and technology challenges that we have identified, I think there is
a strong case made, in various of those challenges, about the im-
portance of human—things that contribute to the human factors
issues that you have raised.

Chairman CALVERT. I thank the gentleman. Mr. Diaz-Balart,
questions. Mr. Hall.

DEMONSTRATIONS AND EXPERIMENT

Mr. HALL. Thank you, Mr. Chairman.
Dr. Porter, you seem to suggest that NASA finds not a heck of

a lot of value in doing demonstrations. Do I read that correctly?
Dr. PORTER. In the testimony, I tried to address the distinction

between a demonstration and an experiment, and if you don’t
mind, I would like to elaborate a little on that to clarify.

Mr. HALL. All right.
Dr. PORTER. We have been talking a lot today about the chal-

lenges in aeronautics that we face as a nation, the challenges in
the airspace, the NGATS vision, and I don’t like to use clichés, but
in this case, it applies. That is a true paradigm shift for where we
are today versus where we are trying to go.

The challenges the DOD faces are really large and looming, and
require a lot of cutting edge, and of course, the challenges within
the Vision for Space Exploration as well. So, as we look to the fu-
ture, we have two paths we can do down.

One is to take the near-term, incremental approach, and to con-
tinue doing what you already know how to do, and to keep doing
things that you feel comfortable with, and you keep working, and
you get a little bit better each time. And that is the realm of dem-
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onstrations, where you are pretty sure you already know, and then,
you are out to prove that you are right.

The other path is to say we have to go after what we don’t know.
We have to pursue the unknown. We have to explore, and we have
to be willing to take risks, because the kind of future we are envi-
sioning requires that kind of commitment. It requires taking big
leaps in our knowledge and understanding, so that we can generate
innovation, we can generate revolutionary capabilities. That is the
realm of experiments, and there is a difference between experi-
ments and demonstrations, and in experiments, you are pursuing
the unknown. You are not trying to prove you are right, you are
trying to find out where truth lies, and how to use that to get much
better.

And that was the distinction I was trying to make.
Mr. HALL. Well, to look back a little bit, for a long time, the level

of federal investment in civil aeronautics research and development
has been going downhill, declining, and aeronautics is working in
a tough budgetary climate right now, and it would be my guess,
based on headlines and news reports, that we are headed for more
problems budget-wise, as long as the war exists, and we have the
outgo that we have right now, and in that situation, our chairman,
Mr. Calvert, asks you to compare the recommendations of the re-
ports with what you understand NASA is actually doing, and that
is what you say, that is the demonstration part, and what they are
actually doing, in its efforts to ‘‘reshape and strengthen.’’

Now, either one of those, for the path that you took to do the
same as we are doing today, and improve little by little, that seems
like that is the sure, certain path, but a little bit slower, that is
your path of demonstration, but you say that we need to take risks
with experiments.

I guess my next question would be absent demonstrations, how
are you going to verify and validate new concepts? And aren’t we
really, when this good chairman asks you to reshape and to
strengthen, you know, it is like in your own family, money ain’t
much, but it sure keeps you in touch with your kids. You are talk-
ing about money, are you not, to reshape and strengthen, almost
first, to be able to do it, to carry out the experiments that you
want? Experiment means you are experimenting.

Dr. PORTER. Right. So, your question was——
Mr. HALL. Well, you are giving me, how can you pursue your ex-

periments by demonstrations? Keep what we have got going, and
enjoy that, and appreciate that, and add to it, and be a little dar-
ing, but you have got to get the money to be very daring, because
if you don’t succeed, somebody has got to pay.

Dr. PORTER. So, the realm of the incremental approach, that is
conducted very well, very successfully, very ably by industry, by
the private sector.

The realm of the cutting edge is a very appropriate role for the
government to play, and in the realm of the cutting edge, we con-
duct experiments. Now, in the pursuit of those experiments, we
will ask the question, do we think we—do we have an idea that
works? But the difference between a demonstration and an experi-
ment is how you view how you set it up. In an experiment, it is
okay if what you are doing doesn’t work, as long as you report it
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accurately, and you provide the results to the community, and the
community can therefore benefit from what you have learned.
Some of the greatest successes in experiments are failures, in a
sense.

Mr. HALL. Well, I used to be in industry, and a lot of times, we
had to go to Prudential for more money on our loan, and I have
had them tell me I listened to your ignorant proposal with an open
mind. I don’t—I am not saying that to you, because I have admira-
tion and respect for you and your background, and an appreciation
for what you are doing, but I wouldn’t—I would go slowly on ex-
periments, but I will read your testimony, and I have not read it
in full, my folks have. I have always heard that: ‘‘Be not the first
by whom the new is tried, nor yet the last to lay the old aside.’’

Can’t we have some of both worlds?
Dr. PORTER. I believe that the realm of the government research

is to ensure that we are pursuing the cutting edge, and getting
after what we don’t know in advancing our knowledge, so that we
can really enable true creativity, true innovation, and true revolu-
tion that industry will enable to—be able to leverage and take for-
ward to the commercial sector. And that will benefit everyone.

Mr. HALL. You give good questions. My time is up.
Chairman CALVERT. I thank the gentleman. Mr. Honda, you are

recognized.

UNFUNDED PRIORITIES

Mr. HONDA. Thank you, Mr. Chair, and thank you, Dr. Porter,
for coming back. Missed you the last time, so we appreciate this
opportunity.

I am not full of homilies or sayings, but this—I need to just let
you know that I do recognize that you are taking on a responsi-
bility, a lot of which the issues, you have no—you had no impact
on, that you have to work with what you got. It is like a seam-
stress, you know, rather than being given a bolt of silk, you are
being given a bolt of raw wool, and they ask you to make a gown
out of it, so——

But having said that, given the massive cuts that we have seen
in the A in NASA, and I like to keep that A as much as possible
in NASA, and then, there is some talk about some possible more
monies coming through the appropriation process for this area of
aeronautics, given the cuts that we have seen, what is it that you
have in mind in how to use this possible $100 to $179 million of
possible increase in the future.

Where would you use it and how would it be used?
Dr. PORTER. I don’t think it is—you know, I don’t like to deal

with hypotheticals, so I don’t think it is appropriate for me to com-
ment on that.

Mr. HONDA. Well, let me ask you——
Dr. PORTER. The budget I have is what I have planned to, obvi-

ously.
Mr. HONDA. But we always have in mind what we want to put

in if we have more. I am not asking you—I am not asking if this
is what is going to happen, but what would be in your planning
mind. I mean, you are an administrator.
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Chairman CALVERT. If I could help the gentleman on that, De-
partment of Defense, as the gentlelady knows, has their secondary
list, or the list that is unfunded priorities.

Dr. PORTER. True.
Chairman CALVERT. And I think that that is the question that

Mr. Honda is asking. If you, in fact, had a list of unfunded prior-
ities, what would that list be? Is that an accurate portrayal of what
you are saying?

Mr. HONDA. Possibly, right. If it is unfunded priorities, if the pri-
orities mean that it would also look at the things that have been
cut, I would like to know what that is.

Dr. PORTER. I think the best way to answer that question is to
remember that regardless of whatever budget we are provided, we
have established principles that are budget independent, and we do
that intentionally, so that we could make consistent decisions. Re-
gardless of budget, we will make decisions according to those three
principles.

Mr. HONDA. Is there a principle that says we would like to bol-
ster this portion of our program, if more money comes in, we will
do that?

Dr. PORTER. Regardless of budget, whatever budget we have this
year or any year, we will use those core principles, and then, we
will use the process we have put in place, which I described, to put
together the right answer. But the research portfolio that you see
is according to those principles, and then, the budget is applied.

Mr. HONDA. Is there a priority in your head, as an administrator,
that you would like to see? I heard your answers.

Dr. PORTER. Right.
Mr. HONDA. They are not satisfactory.
Dr. PORTER. Right.
Mr. HONDA. Well, all of us have some sort of idea what we would

like to see come back.
Dr. PORTER. Right.
Mr. HONDA. Wouldn’t you have any idea?
Dr. PORTER. I don’t think it is appropriate to comment on things

that are hypothetical at this point, regarding budget. I can tell you
that what you see, in terms of the restructured budget, does rep-
resent our priorities, our commitment to a balanced portfolio in
areas that address the needs of the future.

Mr. HONDA. I understand what you are saying.
Dr. PORTER. Right.
Mr. HONDA. But it is not the question I am asking. I mean, a

balanced portfolio is a good policy, like a balanced budget with no
deficit is a good policy, too. That is not reality, so, you know, I am
not usually pushy, but you know, this is not a very satisfactory an-
swer. In your position, you must have some idea—I am not asking
you to—I am not telling you you are going to be held to it, and get
crucified later, but you must have some sort of sense of which way
the A in NASA will go if you had more funds.

Dr. PORTER. We will always pursue cutting edge, so whatever
budget we have will be——

Mr. HONDA. Well, what is—well, the unfunded priorities, what
are the top priorities in the unfunded list?

Dr. PORTER. We actually didn’t create an unfunded priorities list.
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Mr. HONDA. So, my chairman is wrong.
Dr. PORTER. He—no, he was citing the DOD as an example, I be-

lieve.
Mr. HONDA. I see.
Dr. PORTER. Right.
Mr. HONDA. So, you don’t have any——
Dr. PORTER. Of budgets.
Mr. HONDA.—contingency plans, if in the event of more money

coming down the tubes, would be available.
Dr. PORTER. We have a process in place that allows us to adapt

to whatever budget we are provided, but the budget we have now
allows us to execute the plans that we have.

Mr. HONDA. Where do you think that process will lead you to?
Dr. PORTER. What do you mean?
Mr. HONDA. What programs do you think that process will lead

you to, applying the principles that you are talking about?
Dr. PORTER. The four programs that we have are already estab-

lished, according to those principles that we talked about.
Mr. HONDA. And those four programs, would you help me again?
Dr. PORTER. The Fundamental Aeronautics Program, the Avia-

tion Safety Program, the Aerospace Systems Program, and the Aer-
onautics Test Program.

Mr. HONDA. Okay.
Dr. PORTER. Which is the wind tunnels and propulsion tests.
Mr. HONDA. And of those four, there is not a priority which

would go first, or you would——
Dr. PORTER. All four of those programs are important to the port-

folio, yeah.
Mr. HONDA. Mr.——
Chairman CALVERT. If the gentleman would yield, I always re-

member the Under Secretary of the Army, Mr. Parker, our former
colleague, and his unfunded priority list.

Mr. HONDA. Perhaps with the closing, I might want to ask Major
General Hoover if he has any ideas.

Major General HOOVER. Well, sir, yes, I was about to jump in.
I can appreciate Dr. Porter’s position. I have been an Assistant Sec-
retary, and I understand having to deal with budget realities, but
I would suggest, for the benefit of the—of your committee, that the
Decadal Survey itself provides a basis to determine what next pri-
orities ought to be. Our methodology clearly lays out how we ar-
rived at our priorities. If you have got more money, I think you can
go to our report, and see the areas that would be next in line to
fund.

I don’t know whether Dr. Porter has the same view, you know,
we can agree to disagree, but at least, there is a basis for the com-
mittee to examine where additional funding could be provided, or
could be used.

Mr. HONDA. Thank you very much.
Chairman CALVERT. Thank the gentleman. Mr. Rohrabacher.

APPLIED AND FUNDAMENTAL RESEARCH

Mr. ROHRABACHER. Thank you very much, Mr. Chairman, and I
apologize, as we have all had several meetings that we are sup-
posed to be at at the same time, that I am a little late for this one.
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Let me first of all ask whether or not NASA has any commitment
at this time to developing new jet engines.

Dr. PORTER. We have a commitment to do research that should
advance jet engine technology significantly, and in order to do that,
we have to ensure that we are investing in research that allows us
to do better with emissions, allows us to do better with noise——

Mr. ROHRABACHER. Right.
Dr. PORTER.—and allows us to do better with fuel efficiency.
Mr. ROHRABACHER. Is there a new jet engine, or is it just incre-

mental improvements in current engines?
Dr. PORTER. It is neither. It is neither incremental, nor a par-

ticular jet engine, targeted toward a particular company. It is a
breadth of core competencies in propulsion that we have to ad-
vance, particularly in noise, and also in emissions.

Mr. ROHRABACHER. Okay. So, we are talking about fundamental
research, and not applied research.

Dr. PORTER. It is applied, but it is applied to the general concepts
that have to be enabled, and yesterday, when I was at Glenn Re-
search Center, one of the researchers presented a great example of
that with the chevron nozzle, which is a nice example of a tech-
nology that came out of an idea, and an advancement of our under-
standing of how noise is generated, and how to mitigate against
that. The chevron technology was then adopted by industry very
quickly, very rapidly, once they realized that is a good idea.

Mr. ROHRABACHER. How long ago was that?
Dr. PORTER. That was in the mid-’90s, I believe, is when that re-

search was conducted.
Mr. ROHRABACHER. So, it was over ten years ago, and you are

talking about research that took place fifteen years ago.
Dr. PORTER. The research is continuing under the fundamental

aero program. That particular research, we are continuing to do.
Mr. ROHRABACHER. So the research was begun over fifteen years

ago, and is still continuing on that same item.
Dr. PORTER. There is a lot we still don’t understand about the

production of turbulence that leads to the noise that gets gen-
erated, so yeah, there is still a lot——

Mr. ROHRABACHER. There is also——
Dr. PORTER.—to be done.
Mr. ROHRABACHER. There is also to be said something about a

project that never ends.
Dr. PORTER. Absolutely. You don’t keep doing something——
Mr. ROHRABACHER. Right.
Dr. PORTER.—just because you want to keep doing it. I couldn’t

agree more.
Mr. ROHRABACHER. That is right. Right. Do you think——
Dr. PORTER. But in that particular case——
Mr. ROHRABACHER. Do you think NASA has any kind of problem

that way, that they just, you know, that they just keep studying
something, and studying something, and——

Dr. PORTER. The research portfolio that we are doing is not
studying something for the sake of studying it. It is driven by sys-
tem level challenges that we feel are critically important.

Mr. ROHRABACHER. Okay. Let me note that applied science is
much different than fundamental research science, and I think

VerDate 11-MAY-2000 20:04 Dec 30, 2006 Jkt 028626 PO 00000 Frm 00072 Fmt 6601 Sfmt 6601 C:\WORKD\SA06\071806\28626C SCIENCE1 PsN: SCIENCE1



389

NASA has gone, in the last thirty years, from being something
where they are trying to put things together, and make things hap-
pen, to being a research organization, which could well be done in
the private sector by universities and others, rather than govern-
ment employees.

And in terms of actually trying to push towards a more—apply-
ing something, getting something tangibly done, and then, moving
on to the next project, which is what happens when you apply
things, I have noticed that NASA now, in some areas, is moving
towards the X Prize concept, and that is, I guess, part of what they
call the Centennial Challenge, but only one of these prizes has any-
thing to do with advancing aviation, the rest of them are space-re-
lated prizes.

Dr. PORTER. If I could address a couple of your points, I would
say that fundamental research, in the way that we mean it in aero-
nautics is not basic research, and you will note that I have never
actually used the term basic research, and I do that intentionally,
because fundamental research, the way we mean it, means advanc-
ing our knowledge and understanding in the underlying principles,
and then, integrating that knowledge to the system level.

So, what we do is not just for the sake of doing it, but rather,
driven by system level challenges, like noise, like emissions, okay.

Mr. ROHRABACHER. I am just—yeah, I understand what your
wording is——

Dr. PORTER. So——
Mr. ROHRABACHER.—and I would like to say that——
Dr. PORTER. So, that is actually applied research——
Mr. ROHRABACHER. Yes. Yes.
Dr. PORTER.—is what I am getting at.
Mr. ROHRABACHER. I understand, and when government officials

are too concerned about wording, you know that something is really
wrong——

Dr. PORTER. Well, I am concerned——
Mr. ROHRABACHER.—just so you——
Dr. PORTER.—that it was characterized as not applied.
Mr. ROHRABACHER. Yeah. I——
Dr. PORTER. And so, it is.
Mr. ROHRABACHER. I understand you are very good with words,

and so am I, but your job in NASA is not to be good with words.
It is to be good with technology.

Dr. PORTER. Right.
Mr. ROHRABACHER. And it is to be good with building things and

getting things done——
Dr. PORTER. Sure.
Mr. ROHRABACHER.—rather than studying things to death, and

let me note that I don’t think we are getting our money’s worth out
of NASA. I think that NASA has become too study oriented, too re-
search oriented, and not doing things enough oriented, and when
it does things, it tends to be enormously expensive, as compared to
the private sector.

Back to the X Prize, you were going to say that, something about
the X Prize. Is my wording wrong when I say that only one of the
X Prize concepts has something to do with aviation-based tech-
nology?
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Dr. PORTER. I would have to double check that. I will take that
question for the record.

Mr. ROHRABACHER. All right. So, and if it is—if the analysis I am
giving you is correct, wouldn’t that suggest maybe there is a little
imbalance going on there, in terms of emphasis?

Dr. PORTER. Not necessarily. I would have to take that question
for the record.

Mr. ROHRABACHER. All right. Are you a lawyer, by the way? I
just——

Dr. PORTER. No, sir.

NASA AND CHINA (CONT.)

Mr. ROHRABACHER. All right. Okay. Let me ask you about some-
thing else. I happen to have with me, Mr. Chairman, and I would
like to submit these two articles for the record, an article from De-
fense News, current article, it talks about China trying to blind
U.S. satellites with lasers, China trying to destroy our space-based
assets. Sunday, we have a story in the New York Times talking
about NASA head, NASA chief heads to China to discuss space co-
operation.

Is there something contradictory about this situation?
Dr. PORTER. Sir, I am here to represent the Aeronautics Re-

search Mission Directorate, and as I explained earlier, aeronautics
has no partnerships planned with China.

Mr. ROHRABACHER. All right. I just wanted to make sure we got
that on the record, because this is a hearing about NASA, and I
understand that is not your area of responsibility.

You think that—is there any worry about the Chinese benefiting
from the research that we do in avionics?

Dr. PORTER. The Chinese benefiting from the research we do in
avionics?

Mr. ROHRABACHER. Right.
Dr. PORTER. The Chinese are, obviously, going to research in

many areas. They are going to conduct their own research, and
pursue——

Mr. ROHRABACHER. Right. And they are going to take advantage
of ours as well, if they can.

Dr. PORTER. I wouldn’t presume to speak for the Chinese and
their intentions.

Mr. ROHRABACHER. All right. Well, I am just putting this on the
record that, Mr. Chairman, I am very concerned both with our pub-
lic sector and private sector. We should have learned ten years ago,
when the Chinese were given technology that was developed by
hundreds of millions of dollars, if not billions of dollars of U.S. re-
search, were given technology that has permitted them to have ca-
pabilities in the area of rocketry that the U.S. taxpayer paid for.

I hope we never duplicate that, in terms of avionics, where our
corporations, as the corporations ten years ago gave missile tech-
nology away, I am hoping that, in order to sell airplanes, that we
don’t give technological capabilities to the Chinese in terms of avi-
onics as well, and I just want to be on the record as stating that
as a concern.

Thank you very much.
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Chairman CALVERT. On behalf of Mr. Rohrabacher, I am sure we
apologize for accusing you of being an attorney.

Dr. PORTER. Thank you.
Chairman CALVERT. Except for Mr. Forbes here.
Dr. PORTER. One of the harshest things anyone has ever said to

me, actually. I am just kidding.
Chairman CALVERT. I can understand. And I was also surprised

that Mr. Rohrabacher read the New York Times, but——
Mr. ROHRABACHER. Let me note that when I ran for office the

first time, the most—I would say the most useful slogan I used in
my campaign was ‘‘Vote for Dana: At least he is not a lawyer.’’ So,
there you go.

INDUSTRY PARTICIPATION

Chairman CALVERT. Okay. Okay, back onto Dr. Porter.
In developing your research program, why does NASA exclude

industry from participating with your scientists at the very first
step, to help draft the ten year roadmap? Don’t you think that in-
dustry’s views should be of value at NASA at the earliest steps, in-
stead of asking them to respond to a plan, rather than on the back
end? Wouldn’t it be best if industry was involved? Aren’t they just
as capable of coming up with new ideas, new concepts, and allow-
ing them to sit with you, and research—talk—when you are talking
about these research roadmaps, and maybe they will come up with
some good ideas to be pursued?

What was wrong—what is wrong with that?
Dr. PORTER. Industry’s participation is very important, and the

reason we used an RFI was because we wanted to ensure that ev-
eryone felt they had equal opportunity to express their views. So,
we didn’t want to have a perception that certain companies had in-
roads with us to express those views, and it was the way that we
wanted to ensure everyone had equal access. So, we—that is why
we got so many responses. Now, when we got those responses, we
used those responses as part of the formulation process.

Chairman CALVERT. I would—as long as it is a transparent proc-
ess, you know, I mean, I know that we got accused, when we put
the energy bill together, it was a nontransparent process when in-
dustry was involved, but if it is a transparent process, where indus-
try was involved in the beginning, rather than in the end, where
many would think that they were excluded from the most impor-
tant part of the process, it might be something that you ought to
consider in the future.

Dr. PORTER. Right. I am just—I agree with you that industry
should be included, and by the way, they shouldn’t be included just
once, and so, one of the messages I am trying to convey is that we
continually have meetings with industry, but also, participation in
our programs.

So, what we are trying to do is encourage, through Industry
Days, for example, companies to come onboard, participate in our
technical working groups, provide technical as well as manage-
ment, as well as strategic inputs on what we are doing, and do that
in a manner that allows us to adjust and adapt, so we will do an-
nual program reviews, where we have external experts come in,
and assess where we are, and ask are we doing the right things.
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Chairman CALVERT. Appreciate it. General Hoover, do you have
any comment on that?

Major General HOOVER. Well, I think the, maybe the litmus test
about partnerships with industry, and developing views with in-
dustry, is will they, in fact, bring serious resources to the table on
their own in those partnerships, and I think that remains to be
seen. I don’t know what the kinds of responses that NASA has re-
ceived to their proposals, but I think it is too early to tell.

Clearly, we developed our committee’s report, sort of using the
other way around, as you suggested. We had a wide range of uni-
versity, industry, former government officials, that were put to-
gether with a great concern for balance of views. Sure, there are
biases, people have their own view of this and that, but we put to-
gether a committee that we believe balances biases, and people had
to be able to stand up and be counted, in terms of putting forth
whatever their view of a particular technology was.

And so, I think, you know, we did go through that front end proc-
ess, and it was done with—in the absence of what NASA was
doing, because Dr. Porter wanted independent, objective advice.

Chairman CALVERT. Any additional questions? Mr. Udall.
Mr. UDALL. Thank you, Mr. Chairman.

BUDGETARY ADVICE PROCESS

I must observe that without Judge Hall and Dr. Rohrabacher,
this committee would not be the interesting place that it is to
serve, and I would offer to my friend and colleague from California,
the well-known surfer, Congressman Rohrabacher, that there are
support groups for those who continue to read the New York Times
when advised to not do so, and we would be willing to work with
you in that regard.

And Judge Hall connected me immediately with my college age
son, when he talked about money as not all things, but it does keep
you in contact with your children, and I thought about that as a
corollary, Dr. Porter, and I thought if the aeronautics branch of
NASA had more money, it might keep you better in touch with in-
dustry and academia, and I understand your unwillingness to re-
spond to Congressman Honda’s questions, but I do know there are
many of us here that are going to try and find some additional re-
sources for the aeronautics side of the house at NASA, and I would
look forward to having that conversation with you if, in fact, that
money is forthcoming.

If I could, let me move to NGATS, and given the importance your
testimony attaches to that interagency effort, it doesn’t appear to
make much sense for NASA to be cutting its funding for aerospace
systems research from $120 million in ’07, fiscal year 2007, which
represents, by itself, a $54 million decrease from the ’06 level, to
a level of about $90 million in fiscal year 2011. Even excluding the
loss in purchasing power due to inflation over the next five years,
this seems ill advised, and that leads me to my question, two ques-
tions, actually.

What guidance, if any, did you receive from the interagency Joint
Planning and Development Office, the organization charged with
developing NGATS, that gave you the confidence you could cut
NASA’s aerospace systems budget by that amount over the next
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five years, and if you didn’t receive any specific budgetary advice
or guidance from JPDO, what was your basis for making those
cuts?

Dr. PORTER. I would like to make a couple of points to answer
your question. First of all, I think this committee understands, but
it is important, our support for the NGATS is not just in the Aero-
space Systems Program. So, the Aerospace Systems Program tar-
gets the air traffic management piece.

As you know, the JPDO has recognized eight thrust areas, eight
IPTs, they call them, that all have to be addressed to really ad-
vance the next generation. One of those is the agile air transpor-
tation system, that is the air traffic management piece. There is
also, obviously, it goes without saying, a safety element. So, our
Aviation Safety Program also provides important research.

And there is also the environmental IPT, which of course, as you
well understand, is critical, because if we double or triple the ca-
pacity of the air traffic management, and do nothing about the ve-
hicles that are going to reside there, that is a theoretical exercise.
You have got to be able to advance the capabilities of the vehicles.

So, our portfolio represents a balance, to address all of that. So,
in our fundamental aero, subsonics fixed-wing in particular, we are
really targeting hard those noise and emissions challenges that
have to be addressed. In the safety program, we are looking toward
the future of the vehicles that are going to reside in that system
ten, fifteen, twenty years down the road, and then, the aerospace
systems targets that air traffic management research.

Now, the way we put the proposals together, and I did allude to
this, so I will be a little repetitive here, but we did use an external
subject matter expert review process, where we asked folks from
the JPDO in particular, and the airspace management, excuse me,
Aerospace Systems Program, to review what we had proposed to
do.

And given that part of the review process, and it was a multi-
stage process, where the researchers had to go back and make
changes and adjustments, according to that feedback, and come
back and make sure that what they were doing made sense to that
panel of experts, we feel that we put together a proposal, excuse
me, a portfolio that really does represent the best that we can do,
and support air traffic management and safety and environmental
challenges. And NASA really does need to take the lead in the cut-
ting edge in all of those areas on behalf of NGATS.

Mr. UDALL. I appreciate all of that background, but I don’t know
that you have answered my question about whether there were any
budget—there was any budgetary advice, and if there was not——

Dr. PORTER. Okay.
Mr. UDALL. You made the decision based on your own thinking

or your own analysis.
Dr. PORTER. The—one part of the analysis, of that external re-

view process, was resource plans, so they looked at our resources,
and the resources included personnel dedicated, and facilities dedi-
cated, so they did look at what we had planned to do the work that
we felt was most relevant.

Mr. UDALL. Is they the JPDO?
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Dr. PORTER. It included the JPDO, FAA, NOAA, who was also in-
volved, the weather folks.

Mr. UDALL. But in the end, are you—you are making this deci-
sion based on what you think is important, not necessarily working
with this interagency working group?

Dr. PORTER. Actually, I took the recommendations from the panel
of experts that reviewed the proposals, and that was how we—so
I was, you know, you could sort of imagine me as like a source se-
lection authority on the review panel, if you will, where they were
presented to me as this is the final——

Mr. UDALL. My——
Dr. PORTER. I am sorry, I don’t think I am answering your ques-

tions.
Mr. UDALL. My concern is that you have got a proposal, but then,

you also have budgetary levels, and they are mutually reinforcing,
but——

Dr. PORTER. Right.
Mr. UDALL.—with these kind of budgetary cuts, that seem to be

looming, I am concerned, as the General pointed out, this is not the
next Next Generation Air Traffic System, it is the next air traffic
system, and I am concerned that we are going to hamstring our-
selves, and not actually be able to implement it, given these num-
bers.

Dr. PORTER. There are, of course, five agencies that are contrib-
uting, so NASA is not the only one, and I would point out that for
the implementation portion that you are referring to, that is the
FAA’s role, so NASA’s role is to provide the research. The FAA’s
role is to implement. So——

Mr. UDALL. With all due respect, I am not sure I am getting the
answer I would like.

Dr. PORTER. Okay.
Mr. UDALL. But if I could turn to General Hoover for his

comment——
Dr. PORTER. Okay.
Mr. UDALL.—and then, I see my time has expired, but——
Dr. PORTER. Sorry.
Mr. UDALL.—I think this is an important——
Dr. PORTER. Okay.
Mr. UDALL.—subject. General, would you care to comment?
Major General HOOVER. Well, I can’t comment on the impact of

what NASA has done in reducing their budget, other than the Na-
tional Research Council has been working with the JDPO now for
some time in reviewing its plans and making inputs.

I guess I would obviously feel that a cut in—would be a reduced
effort, in some part, in some way, but I don’t really have any in-
sights, no.

Mr. UDALL. Thank you. To be continued.
Chairman CALVERT. Well, I am going to—unless there is further

questions, I think we are—Mr. Rohrabacher, you have an addi-
tional question?
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REIMBURSABLE FUNDING

Mr. ROHRABACHER. How much does NASA receive from fees that
we use, that we receive from providing testing and other types of
help to the private sector companies?

Dr. PORTER. That is a good question. You are talking about reim-
bursable, what we call NASA reimbursable funding.

Mr. ROHRABACHER. Right. Like, for example, when I went up in
Northern California there, and saw this, the wind tunnel, and——

Dr. PORTER. Sure. Absolutely.
Mr. ROHRABACHER. How much does NASA receive in money from

these type of services that we offer the private sector?
Dr. PORTER. I don’t have those numbers in front of me, so I will

have to take that for the record, and get that number back to you,
okay?

Mr. ROHRABACHER. I think it is, is it significant, insignificant?
Does that wind tunnel, for example, pay for itself?

Dr. PORTER. That is a good question, but I don’t want to answer
that, and give you the wrong answer. I would rather take it for the
record.

Mr. ROHRABACHER. And again, for the record, Mr. Chairman, you
know, when we go, come into a period of budget restraint, and as
we are now, and we want to accomplish things, if we are doing
services, if, as you were suggesting in your answer to my first time
of questions, maybe it is also time that we make sure that the pri-
vate sector is actually compensating us for the services that are
being provided, so that we can maintain our level of spending on
other areas of concern, and——

Chairman CALVERT. I would just point out to the gentleman.
Mr. ROHRABACHER. Yes.
Chairman CALVERT. We went through that discussion on the

ETRAP cost return on services provided by the government. There
are times, in fact that the—you cannot receive a true cost relevant
to the capital investment in some of these projects which were
enormous, that were done for purposes that were outside of—that
private industry would never invest, and so, we—I think the Cen-
ters have done an excellent job of coming with an overhead cost
number at each Center, to charge various industries and so forth,
universities, a reasonable amount of money, to the degree that they
will use those facilities.

We found that when we had a problem with the tunnels, espe-
cially, they were not being used at all, and in fact, Boeing and
Lockheed-Martin went to Europe to test their, use their air tunnels
for the F–22, our own fighter, which would risk losing, obviously,
we would not want to lose classified information being transferred
over to others.

So, there is a practical level that you can charge in a business
environment which they will pay, and so, that has to go into it.
And so, I think that they have done a pretty good job of
rationalizing that out, and I think that the tunnels now, in the
United States, are being more utilized than they were before, is
that correct, Doctor?

Dr. PORTER. I think you are going to see that more in the future.
We have just started these changes. As you know, the agency took
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stewardship of those, so we will see how that plays out in the com-
ing years.

Mr. ROHRABACHER. And we will be watching. Thank you very
much.

Chairman CALVERT. Thank the gentleman. If there is no further
questions, I want to thank the witnesses for coming today. I know
that there is another process that wasn’t mentioned, to get money
into aeronautics, and that is called earmarking, which is kind of
controversial right now, but our friends on the other side of, a hun-
dred yards from here, use that process to a fare-thee-well, so that
may, who knows, may be visited upon us.

With that, we adjourn.
[Whereupon, at 11:39 a.m., the Subcommittee was adjourned.]
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Lisa J. Porter, Associate Administrator for Aeronautics, National Aero-
nautics and Space Administration (NASA)

Questions submitted by Chairman Ken Calvert

Next Generation Air Transportation System

Q1. The out-year numbers in your FY 2007 budget request for Airspace Systems drop
25 percent (between FY 2007 and FY 2011) at the same time that the Joint Plan-
ning and Development Office (JPDO) is expected to ramp up spending on Air
Traffic Management (ATM)-related technology development and demonstration
projects. What is the rationale for reducing the level of investment? Will NASA’s
proposed ATM-related research jeopardize the JPDO’s ability to develop the Next
Generation Air Transportation System on schedule? Is the Airspace Systems
funding profile fully consistent with the JPDO’s plans and programs?

A1. NASA’s research portfolio has been constructed according to the following three
core principles: 1) we will dedicate ourselves to the mastery and intellectual stew-
ardship of the core competencies of aeronautics for the Nation in all flight regimes;
2) we will focus our research in areas that are appropriate to NASA’s unique capa-
bilities; and, 3) we will directly address the fundamental research needs of the Next
Generation Air Transportation System (NGATS) while working closely with our
agency partners in the Joint Planning and Development Office (JPDO). As such,
these principles are what provide the rationale for the prioritization of our research.

Our commitment first and foremost must be to provide the mastery and intellec-
tual stewardship of the core competencies of aeronautics for the Nation. These core
competencies include those relevant to ATM research, of course, but they also in-
clude a large number of other critical competencies that are addressed in our Fun-
damental Aeronautics and Aviation Safety Programs. Our research must focus on
areas appropriate to NASA, which means that we are phasing out work in the Air-
space Systems Program that is near-term, incremental research as well as proto-
typing and operational development. Finally, our commitment to addressing the fun-
damental research needs of the NGATS requires a balanced research portfolio that
draws upon our NASA-unique capabilities to address ATM, environmental, effi-
ciency, and safety-related research challenges, all of which must be worked in order
for the NGATS vision to be realized.

Regarding the NGATS schedule and JPDO’s plans and programs, it is important
to note that the Enterprise Architecture, the Operational Improvement roadmaps,
and the Integrated Capability Work Plans are still being developed. These activities
are planned to be settled during FY 2007, and until these activities are finalized
and agreed upon by all JPDO members, we prefer not to speculate about how our
programs will specifically align with the finalized JPDO plan. We can state, how-
ever, that our research portfolio has been guided by the required capabilities articu-
lated in the NGATS vision, and our proposed research in ATM was reviewed and
approved by several external Government experts, including members of the JPDO,
the Federal Aviation Administration (FAA) and the National Oceanic and Atmos-
pheric Administration (NOAA).

Finally, we would like to point out that our research portfolio aligns very well
with the recommendations of the NRC Decadal Survey, which was conducted com-
pletely independently of our own restructuring. Forty-seven of the 51 technical chal-
lenges recommended by the NRC are currently present in our restructured portfolio
(see attached cross-walk matrix). We believe this is a strong affirmation that we are
focusing our efforts on the proper research areas, not only in ATM research, but also
across our entire portfolio.

Space-Related Research

Q2. The Decadal Survey categorizes the space program as a ‘‘lower priority Strategic
Objective’’ for civil aeronautics research. Do you share that view? What percent-
age of resources do you plan to devote to space-related research and for what
topics? Does hypersonics fall within your meaning of space-related research?

A2. The 51 Technical Challenges and Five Common Themes identified in the report
are closely aligned with ARMD’s restructured research portfolio. However, we be-
lieve that attempts to try to stovepipe aeronautics research into ‘civilian aeronautics’
versus ‘space-related’ are shortsighted and ignore historical fact.
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NASA’s aeronautics research has historically played and will continue to play a
vital role in space exploration. Advances in our fundamental knowledge and under-
standing in aerodynamics, aerothermodynamics, flight dynamics and control, mate-
rials, structures, and human interface technologies like integrated cockpit panels
have been critical to the success of NASA’s space program over the past several dec-
ades. As we look to the future challenges in space exploration, we recognize the
need to greatly advance our fundamental understanding in key aeronautics dis-
ciplines across all flight regimes in order to advance our capabilities for safe flight
through any atmosphere, be it our own, or that of another planet.

We do not typically parse our portfolio into ‘‘space-related’’ and ‘‘non-space-re-
lated’’ research, because a large portion of the research that we conduct in the Fun-
damental Aeronautics and Aviation Safety programs benefits both the civilian aero-
nautics and space exploration communities. For example, advances in computational
fluid dynamics modeling and lightweight high-temperature materials will be critical
to successfully achieve reduced drag and improved engine performance on future air
vehicles. But they will also be critical for the design of future space vehicles. Simi-
larly, advances in integrated vehicle health management, flight deck technologies,
and resilient aircraft control will be critical for the safety of the future fleet in the
airspace, but such advances will also likely be of great value to future space vehi-
cles. About 20 percent of our research in both supersonics and hypersonics targets
challenges associated with entry, descent, and landing that will ultimately benefit
both robotic and human space exploration.

However, the focus is not necessarily on either space or atmospheric flight, but
rather on the generation of knowledge that can impact both.

To address the specific question about hypersonics, our research portfolio in
hypersonics is designed to advance our nation’s mastery of flight at very high
speeds. As with other elements of our research portfolio, the beneficiaries of this re-
search include our partners in space exploration, our Defense Department (DOD)
partners, and members of the private sector, many of whom believe that there is
a potential future commercial market in hypersonics. Fundamentally, our commit-
ment to hypersonics research stems from our commitment to pursue the frontiers
of flight for the Nation. And that frontier does not stop at Mach 1. We must con-
tinue to push the envelope of that frontier, and we must do so with an awareness
that other nations share similar aspirations.

Transitioning Technologies

Q3. The Decadal Survey urges NASA to ‘‘develop each new technology to a level of
readiness that is appropriate for that technology. . .’’ At our July hearing on
NASA’s Aeronautics program, the National Academies’ witness stated that
NASA should conduct technology demonstrations on a limited basis. What are
NASA’s plans for transitioning technologies? Will there be instances where
NASA develops promising technologies to a level ensuring transition to industry
or government?

A3. NASA believes in focusing on ‘‘knowledge transition’’ rather than ‘‘technology
transition.’’ Focusing on ‘‘technology transition’’ tends to drive one to focus on de-
vices and widgets, rather than on the knowledge that enables their creation. In
order to ensure that what we do benefits the community broadly, we have to ensure
that the knowledge and understanding that underpins any new technology is trans-
ferred to the community in such a way that that technology can be broadly applied.
If we do not do this, the device or widget becomes a point-design that is only of
value to the small number of users that were directly involved in ‘‘demonstrating’’
it on a specific platform. A relevant historical example of successful knowledge tran-
sition that resulted in a revolutionary impact on the entire aeronautics community
was the invention of the engine cowling in the late 1920s. The development of the
cowling was not about the development of a ‘‘device;’’ rather it was about improving
our knowledge and understanding of aeronautical design. Designers could not sim-
ply stick an engine cowling on an aircraft and expect it to work. They had to spe-
cially design a cowling for each aircraft. To do that, they had to understand the
principles behind the operation of the device. The National Advisory Committee for
Aeronautics (NACA) provided that understanding, and made the results imme-
diately public by means of a NACA Technical Note so that industry could benefit,
which they readily did.

NASA intends to disseminate the results of its research as broadly as possible and
in as timely a manner as possible by publishing our results in peer-reviewed jour-
nals and NASA Technical Reports. Furthermore, we will establish technical working
groups within each project to engage industry and academic partners on a regular
basis in order to facilitate knowledge transfer. Space Act Agreements will also be
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used to establish intellectual partnerships with industry that enable NASA to lever-
age industry’s unique systems-level expertise while enabling industry to quickly ac-
quire research results and establish close working relationships with the research-
ers both internal and external to NASA who contribute to the research.

Ultimately, however, it is up to each company to decide for itself whether to in-
vest in the development of particular concepts and technologies. Removing most or
all of the risk for industry to do that removes the influence of market economics.
This is indeed a significant distinction between us and other countries. NASA be-
lieves that the free market is the best determination of what technologies should
be developed for commercial application, not the government.
Q4. Your statement makes clear that NASA finds little value in doing demonstra-

tions. Absent NASA demonstrations, how do you expect new concepts to be
verified and validated?

A4. The statement is intended to make a clear distinction between demonstrations
and experiments. Demonstrations set out to prove that a concept or technology
works; experiments set out to pursue technical truth, which is critical to ensuring
adherence to the scientific method.

New concepts must be tested, but they may not work. Verifying concepts rather
than testing them drives us to demonstrations rather than experiments. If we focus
on demonstrating that we are right, then we are not on the cutting edge of research;
we are simply doing what we already know how to do. That is not the appropriate
role for NASA’s aeronautics research. To pursue the cutting edge, we must test
things that may or may not work as expected, and understand the results of the
tests. Only through such experimentation will we learn to build what we cannot
build today.

NASA will conduct experiments, both on the ground and in flight, to test out con-
cepts, ideas, novel technologies, and to collect data that expands our knowledge and
that allows us to develop better models, design tools, and databases.

Computational Modeling

Q5. The reshaped aeronautics research program relies heavily on computer-based
and physics-based modeling. What is the state of maturity of computational
modeling and simulation today at NASA? How long, and at how great of an
expense, will NASA have to invest in these capabilities?

A5. Our vision of the future includes the ability to compute, from first principles,
the behavior of the multiple components of a variety of aerospace systems and the
interactions that take place among them. This future capability will allow us to
guide the development of advanced technologies with significantly lower costs be-
cause of reduced testing requirements. In addition, this new generation of computer-
based modeling tools will allow us to credibly assess new technologies and concepts
in flight regimes where it is either impractical or impossible to conduct validation
experiments. NASA has been a leader in the development of the first generation of
such tools and will continue to innovate in order to advance the state of the art.
This first generation of computational tools has proven to be extremely useful in a
variety of fields (structures, fluid mechanics, acoustics, material science, propulsion,
etc.) but still relies heavily on experimental validation and calibration to be consid-
ered sufficiently predictive. Even with these shortcomings, however, the use of these
tools is pervasive across the disciplines of engineering science and has been and con-
tinues to be a fundamental part of our research portfolio. In the coming years,
NASA expects to continue to commit significant resources to the development of a
second generation of tools that are truly predictive and physics-based. Work in phys-
ical models, multi-physics simulations, validation & verification, error estimation,
numerical analysis, and uncertainty quantification will pave the way for the com-
putational modeling of the future. We note that such a focus is in alignment with
the recommendations of the NRC Decadal Survey. Furthermore, almost every com-
pany that we have engaged with during the past year has indicated that this is a
priority research area.

We will continue to pursue this area of research for a very long time because,
quite frankly, a sustained, long-term effort is required to make significant advances.
We estimate that about 20 to 30 percent of our investment in Fundamental Aero-
nautics currently addresses this type of work. It is plausible that a slight increase
in the next 10 to 15 years will make sense such that 35 percent or more of our ef-
forts in Fundamental Aeronautics may be focused in this area 15 years from now.
We also estimate that about 15 percent of our investment in Aviation Safety cur-
rently addresses this type of work.
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Computer-based and physics-based modeling and simulation also play a critical in
ARMD’s Airspace Systems Program. The state of maturity depends upon the appli-
cation being considered. For example, an important area that has achieved a high
level of maturity is human-in-the-loop simulation of aircraft that operate in today’s
National Airspace System (NAS). The major investment that NASA will be making
in computer-based modeling for this area is in the modeling of technologies both
emerging and those that do not yet exist that are being postulated to provide signifi-
cant improvement in capacity, efficiency, and safety of aircraft operating in the fu-
ture NAS. By contrast, the area of computer modeling for multi-disciplinary system
design that accounts for the physics and procedures for all the aircraft operating in
the NAS is at a much lower level of maturity. In addition, computational modeling
of the terminal airspace (within ∼50 miles of an airport), where interactions need
to be modeled between multiple aircraft as well as between aircraft and airports,
is also at a low level of maturity. These areas will be a large focus of the Airspace
Systems Program research.

The overall Airspace Systems Project investment in computer-based and physics-
based modeling is approximately 20 percent of its portfolio. NASA will need to pro-
vide a continual, long-term focus in these areas because the JPDO will rely upon
the knowledge, concepts and tools that will be generated as a result of this research
to provide answers to the questions that need to be answered to achieve its vision
of the NGATS.

Decadal Survey

Q6. How do you specifically plan to use the Decadal Survey in your planning and
budgeting processes?

A6. We strongly agree with five Common Themes identified by the NRC and they
are already present across our research portfolio, as discussed in the written testi-
mony submitted for the record at the hearing held on September 26, 2006. As can
be seen in the attached cross-walk matrix, 47 of the 51 Technical Challenges are
also already well-represented in our portfolio. Given that the NRC conducted their
study completely independently of our restructuring, we believe this is a strong af-
firmation of our newly-created program. ARMD does not intend to pursue the four
challenges highlighted in red on the matrix. Item D10 was largely covered by the
Unmanned Aerial Vehicles in the NAS project that NASA phased out and
transitioned to the FAA in FY 2006, in accordance with the direction provided in
the Conference Report (House Report 109–272) accompanying H.R. 2862, the FY
2006 Science, State, Justice and Commerce Related Agencies Appropriations bill.
We note, however, that much of the research that we conduct in ARMD (e.g., noise
reduction, emissions reduction, performance, high-lift, materials, aeroelasticity,
flight control systems, safety, and trajectory optimization) will benefit both manned
and unmanned aircraft. Item D7 is being addressed by the FAA, the DOD, and in-
dustry. Item A7a is being pursued by the DOD. While a couple of items listed under
B9 are being addressed in our Integrated Vehicle Health Management project,
ARMD will leave the majority of that activity to the Department of Energy, the
DOD, and industry.
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Questions submitted by Representative Mark Udall

Q1. Please provide for the record a table of the Aeronautics budget and budget plan
for the years FY 2004 through FY 2011 broken down by direct cost and full cost
(identifying Corporate/Center overhead) elements and identify what is included
in each element as well as any other assumptions.

A1.
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Q2. What fraction of the NASA Aeronautics budget is dedicated to research activities
in support of the President’s Vision for Space Exploration (VSE) and other space
activities?

Q2a. Does that fraction stay constant over the next five years under your budget
plan?

Q2b. How did you go about deciding how much of the Aeronautics budget should
be used to support the VSE and other space activities?

A2a,2b. We do not typically parse our portfolio into ‘‘space-related’’ and ‘‘non-space-
related’’ research. This is because a large portion of the research that we conduct
in the Fundamental Aeronautics and Aviation Safety programs will benefit both the
civilian aeronautics and space exploration communities. For example, advances in
computational fluid dynamics modeling and lightweight high-temperature materials
will be critical to successfully achieve reduced drag and improved engine perform-
ance on future air vehicles. But they will also be critical for the design of future
space vehicles. Similarly, advances in integrated vehicle health management, flight
deck technologies, and resilient aircraft control will be critical for the safety of the
future fleet in the airspace, but such advances will also likely be of great value to
future space vehicles.

The beginning and end of any trip to space takes place through the Earth’s atmos-
phere. For this reason, research in Aeronautics has always been intimately linked
to space exploration. About 20 percent of our research in both supersonics and
hypersonics targets challenges associated with entry, descent, and landing that will
ultimately benefit both robotic and human space exploration. However, the focus is
not necessarily on either space or atmospheric flight, but rather on the generation
of knowledge that can impact both. This focus of our supersonics and hypersonics
research will remain roughly constant over the next five years.

Q3. In the concluding remarks of your written testimony, you state that your restruc-
turing has resulted in ‘‘a total of ten research projects distributed across three
programs.’’ Of those ten projects, how many are new projects, and how many are
continuations of research activities underway prior to the restructuring? Please
identify the new projects and how they differ from what was underway pre-
viously.

A3.
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Fundamental Aeronautics Program
The Fundamental Aeronautics program supports state-of-the-art research in tools

and technologies that enable the design of vehicles that fly through any atmosphere
at any speed. In particular, physics-based, multi-disciplinary design, analysis, and
optimization (MDAO) tools developed in this program will make it possible to evalu-
ate radically new vehicle designs and to assess, with known uncertainties, the po-
tential impact of innovative technologies and concepts on a vehicle’s overall perform-
ance.

Although the Fundamental Aeronautics Program is leveraging research results,
tools, and expertise from the former Vehicle Systems Program, it represents a dis-
tinct shift in focus. Specifically, the Vehicle Systems Program often conducted re-
search in support of point design solutions. For example, noise reduction research
typically was conducted independently of emissions reduction research; airframe-re-
lated challenges were addressed independently of engine-related challenges, and so
forth. Aircraft of the future will need to address multiple and usually conflicting de-
sign challenges such as noise reduction, emissions, fuel efficiency, and performance,
and addressing any one independently of the others will lead to partial solutions at
best, and at worst, solutions that are misleading or ineffective. The Fundamental
Aeronautics program targets research that includes continued, long-term scientific
study in areas such as physics, chemistry, materials, experimental techniques, and
computational techniques that leads to a furthering of our understanding of the un-
derlying principles that form the foundation of the core aeronautics disciplines, as
well as that research that integrates the knowledge gained in these core areas to
significantly enhance our capabilities, tools, and technologies at the disciplinary
(e.g., aerodynamics, combustion, dynamics and control, acoustics) and multidisci-
plinary (e.g., engine design, airframe design) levels. This integrated approach to re-
search represents a significant departure from the stove-piped approach of the past.
We also note that our focus on cutting-edge research that targets fundamental aero-
nautical questions that we do not yet have answers for, particularly in supersonics
and hypersonics, will benefit the future space exploration initiatives of the agency.
We provide project-level specifics below.

Subsonic Fixed Wing Project
The project focus is to develop improved prediction methods and technologies for
lower noise, lower emissions, and higher performance for subsonic aircraft.
Higher performance includes energy efficiency and operability improvements
that enable advanced airframe and engine systems. The pursuit of improve-
ments in noise, emissions, and performance is fundamental to the development
of environmentally acceptable and economically viable aircraft and because of
this, portions of this research have been pursued in the past, and the results
of this research will be leveraged as we go forward. However, as mentioned
above, the synergistic approach to these challenges is a new focus of the SFW
project.
Subsonic Rotary Wing Project
The Subsonic Rotary Wing project focuses its research on the technical barriers
that constrain rotorcraft from reaching widespread use in civil aviation. These
barriers include range, speed, payload capacity, fuel efficiency, and environ-
mental acceptance (especially noise). Before the ARMD re-structuring, NASA
had decided to eliminate its rotary wing research, a decision that would have
resulted in an irreversible loss of critical core competencies needed to ensure
that rotorcraft can play a significant and enabling role in the future airspace.
This project thus represents a new effort relative to the program that existed
before the restructuring.
Supersonics Project
The Supersonics project has two objectives. The first one is the elimination of
the efficiency, environmental (emissions, noise, and sonic boom), and perform-
ance barriers to practical supersonic cruise in the Earth’s atmosphere. Previous
efforts in recent years tended to focus primarily on one challenge, that of sonic
boom mitigation. Compared to more historical efforts, the current project has
no intention of developing a supersonic commercial jet; rather, we will conduct
cutting-edge research to advance our knowledge, tools, and capabilities so that
companies in the private sector can leverage the research results in a manner
that they decide makes sense from a market perspective. The second objective
of the project is to address the critical issue of supersonic deceleration to enable
safe, precision planetary entry, descent, and landing of human and large science
missions in any atmosphere. This represents a new focus that had not been
present in our previous supersonic research programs.
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Hypersonics Project
All access to space, either suborbital or in Earth orbit, and all entry from space
through any planetary atmosphere, requires hypersonic flight. In order to con-
tinue to advance our capabilities for flight in these regimes, improved under-
standing of hypersonic phenomena is needed. NASA had previously tackled re-
search in the hypersonic regime but had been specifically interested in atmos-
pheric sustained flight and had focused on point-design demonstrators. The new
direction of the program will tackle all of the key fundamental research issues
that are required to make hypersonic flight and re-entry feasible.

Aviation Safety Program
The Aviation Safety program builds upon the unique safety-related research capa-

bilities of NASA to improve aircraft safety for current and future vehicles, and to
overcome aircraft safety technological barriers that would otherwise constrain the
full realization of NGATS. The program also provides long-term investment in re-
search to support and sustain expert competency in critical core areas of aircraft
safety. Previous aviation safety research initiatives focused largely on incremental
research and on transitioning technologies that were already relatively well under-
stood into deployable systems. In essence, both NASA and industry became develop-
ment partners. As a result, there were no long-term fundamental research activities
targeting the safety challenges of the future. It also meant that typically only cer-
tain companies were able to use the technologies that were developed, and that
NASA, as a development partner, became a de facto partner with those particular
companies in their certification issues with the FAA. Our new approach targets pre-
competitive, long-term cutting-edge research and provides all the results of our avia-
tion safety research to all of industry, as well as to the FAA and all other govern-
ment agencies that have interest in our technical investigations. As we focus our
research in areas that are appropriate to NASA’s unique capabilities, this also
means that work that is better left to other government agencies is no longer the
focus of our research investigations. For example, we eliminated elements of our
previous portfolio that were duplicative of research that belonged to the Department
of Homeland Security (DHS). Details of the projects within this program follow.

Integrated Vehicle Health Management (IVHM): Aircraft manufacturers and op-
erators are continually looking for ways to improve vehicle safety and service
life while decreasing service cost. Advances in digital technologies have stimu-
lated this trend through greater integration and automation of aircraft systems
resulting in greatly improved system performance and reliability. Potential ben-
efits to aircraft safety include on-board systems capable of self-detecting and
self-correcting anomalies that could otherwise go unattended until a critical fail-
ure occurs. However, there are still significant technical barriers to the full im-
plementation of highly integrated and complex vehicle health management con-
cepts. State-of-the-art highly integrated systems do not inherently ensure that
a minor malfunction or flaw will not propagate into critical software or a hard-
ware function and jeopardize the safety of the entire vehicle. Research is needed
to address current barriers and to exploit the full potential of integrated vehicle
health management technologies. The outcome could possibly revolutionize the
maintenance and utilization considerations of future aircraft vehicles. In addi-
tion to aircraft applications, these technologies will enable advanced self-healing
systems that will likely be useful to future space exploration vehicles. The
IVHM project is a new project. We note that its creation is well-aligned with
the NRC Decadal Study recommendations, which included intelligent and
adaptive systems as a major theme.
Aircraft Aging and Durability (AAD): Over the past decade, NASA in collabora-
tion with the FAA and DOD has provided vital advances in material and struc-
tural sciences and technologies that have addressed many of the historical con-
cerns and challenges associated with aging aircraft. However, the need to ex-
tend vehicle life and the growth in the use of composite structures and mate-
rials has caused NASA to recognize the need to augment its research in the
area of advanced aging sciences. The research and technologies to be pursued
within the AAD project will decrease the susceptibility of current and next gen-
eration aircraft and on-board systems to premature deterioration, thus greatly
improving vehicle safety. Such research will also likely be applicable to future
space exploration vehicles. The AAD project is a new project.
The Integrated Intelligent Flight Deck (IIFD) and Integrated Resilient Aircraft
Control (IRAC) projects are not considered new projects, because they build
upon previous research activities under the old program. With the focus of our
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Aviation Safety research in areas appropriate to NASA’s unique capabilities, FY
2006 became a transition year for the IIFD project and it now focuses on funda-
mental flight deck technologies of benefit to the entire aeronautics community.
The scope of the IIFD project now includes the development of crew-vehicle
interface technologies to reduce the risk of pilot error, the development of moni-
toring technologies to enable detection of unsafe behaviors, the development of
fail-safe methods for changing the roles of flight crew and automation in the
presence of detected disability states, and the development of a comprehensive
surveillance system design that enables robust detection of external hazards
with sufficient time-to-alarm for safe maneuvering to avoid hazards.

NASA will no longer fund efforts that belong in the research portfolio of the DHS.
To avoid duplicating research activities that the DHS sponsors as part of its mis-
sion, NASA will redirect its aeronautics resources to those areas that NASA is
uniquely suited to address. That said, the goal of the IRAC project is to pursue
methodologies to enable an aircraft to automatically detect, mitigate, and safely re-
cover from an off-nominal condition that could lead to a loss of control, and such
a capability will have applications that include security-related issues (e.g., the abil-
ity to respond to critical upsets would include man-made as well as naturally occur-
ring events). NASA will continue to coordinate with the DHS and other organiza-
tions as appropriate to ensure the efficient and effective transfer of potential new
breakthrough technologies.

Airspace Systems Program
The Airspace Systems Program (ASP) currently comprises two new projects: the

NGATS ATM–Airspace project and the NGATS ATM–Airportal project. Both
projects contain elements of the former ASP but have been structured to ensure
closer relevance to the NGATS vision. In pursuing the goal of a transformed na-
tional airspace system by 2025, NASA’s ASP is focused on the longer-term, cutting-
edge research necessary to create the NAS capable of supporting the tremendous
throughput increases projected by the JPDO. To accomplish this, incremental re-
search that leads to evolutionary enhancements has been set aside in favor of re-
search that will enable revolutionary advances. Carry-over project elements include
advanced traffic flow management, surface traffic management, and airspace mod-
eling and simulation. NASA’s project in small aircraft transportation systems
(SATS) was successfully completed in FY 2006, and its research elements will be
further matured as the restructured ASP seeks to answer the fundamental question
as to the most effective allocation of functions between ground operations and flight
deck operations (i.e., distributed versus centralized control). Human factors research
remains a critical element of ASP, but in contrast to the previous program, it will
be conducted as an integrated part of the advanced concept development research,
rather than as an isolated project. Specifically, human factors research will tackle
the fundamental question regarding the degree to which automation can be effec-
tively and safely employed within the NAS.

New project technical thrust areas have been established to best respond to the
anticipated needs of NGATS. Although they are new areas, the proposed work
builds on well-established technical competencies. These include:

• Four-dimensional trajectory-based operations
• Performance-based operations
• Dynamic airspace configurations
• Super-density operations
• Coordinated arrival/departure operations management
• Airportal transition and integration management

All of these research thrust efforts will be integrated and coordinated across both
projects within ASP. The essential goal of the program is to provide air transpor-
tation solutions that span the complete flight path from the departure gate to the
arrival gate. This will only be possible through integration of the research in both
the airspace and airportal domains.

ASP is no longer conducting research in communications, navigation, and surveil-
lance (CNS) and UAVs in the NAS, given that other federal agencies have substan-
tial overlapping efforts in those areas.
Q4. With respect to X-Vehicles,
Q4a. How many X-vehicle projects does NASA currently have underway? How many

of those are new, and how many were already underway prior to the restruc-
turing?
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A4a. NASA is currently a participant in both the X–51 and X–48B projects. The X–
51 project was officially set up in September 2005 and had its roots in the Air
Force’s Scramjet Engine Demonstrator program. The X–51 project is leveraging re-
search results and expertise from NASA’s X–43A project, and NASA has provided
both expertise and facilities in support of it. Before the restructuring, NASA had
decided to cease hypersonics research in FY 2005. The restructuring brought a re-
newed commitment to hypersonics as well as a desire to partner with the DOD
when possible to avoid duplication of effort. Hence, at the beginning of the restruc-
turing last fall, NASA renewed its commitment to the Nation’s pursuit of cutting-
edge research in hypersonics by joining the Air Force and Defense Advanced Re-
search Projects Agency (DARPA) in the X–51 project.

The X–48B Blended Wing Body project represents a continuation of an existing
effort. However, with the new focus on pre-competitive fundamental research, the
X–48B project will now concentrate on leveraging what this non-traditional platform
has to offer in terms of advancing our knowledge and capabilities in a variety of
areas including acoustics, guidance and control, aerodynamics, and novel vehicle
control actuators and strategies.

In addition to these X-projects, there are a number of other flight experiments
currently being pursued by NASA (several in collaboration with other agencies) that
do not have X-vehicle designations. Examples include the Hypersonic Boundary
Layer Transition (HyBoLT) and Sub-Orbital Aerodynamic Re-entry Experiments
(SOAREX) flight experiments, the Phoenix missile testbed, the Fundamental RE-
Search from Hypersonic Flight eXperimentation (Fresh-FX) sounding rocket pay-
load, and the DARPA Oblique Flying Wing and Falcon programs. The HyBoLT,
SOAREX, and Phoenix programs are NASA-led and were started as a result of
ARMD’s restructuring.
Q4b. Which of these X-vehicle projects are primarily to meet civil aviation needs, as

opposed to supporting military or space exploration needs?
A4b. As with most X-vehicles, the projects are designed to pursue the unknown and
advance the state of knowledge in aeronautics. Historically, when such projects have
involved both NASA and the DOD, they have produced new knowledge and data
that have ultimately benefited both the civilian and military communities. The same
is true now. The X–48B Blended Wing Body aircraft is a good example of an ad-
vanced aircraft concept that has potential civilian and military applications. The
DARPA Oblique Flying Wing and Falcon programs have primarily military applica-
tions, but the knowledge gained from them has important applications for civilian
purposes. The HyBoLT, SOAREX and Phoenix projects have been developed pri-
marily for civilian applications but the data gathered will likely be useful to our
military partners. This ‘‘dual use’’ of technology explains why NASA and the DOD
have enjoyed such success with X-vehicle research.
Q4c. Do you have any other X-vehicle projects planned and budgeted for over the

next five years? If so, what are they?
A4c. We have budgeted for the projects mentioned in answer 4a above.
Q5a. In your testimony, you discuss why you believe NASA should not support tech-

nology demonstrations of point designs. On the other hand you point to past
successes of what you term flight experiments, such as the ‘‘X-series’’ aircraft.
So should we conclude that you believe it is appropriate for NASA to fund
flight experiments that would serve to explore the feasibility and range of flight
conditions, say, over which a particular technology may be effective for ulti-
mate incorporation into the design of a specific flight vehicle?

A5a. We will conduct flight experiments to advance our knowledge, which could
very well include the kind of example cited in your question, assuming the tech-
nology represented a potentially significant advance in state-of-the-art, and not an
incremental advancement.
Q5b. For example, would you find it appropriate for NASA to support a flight experi-

ment involving the testing of a flexible, controllable wing structure that could
deform for different flight conditions, eliminating the need for movable control
surfaces, such as flaps?

A5b. Through a reimbursable agreement, NASA is currently the technical and con-
tract agent for the DARPA Morphing Aircraft Structures (MAS) Program. The MAS
program is pursuing the ability to design and operate aeronautical structures capa-
ble of substantial wing area, span, and sweep changes for in-flight performance opti-
mization that can move reliably from one shape to another. In addition, the program
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intends to develop active wing structures that change shape to provide a wide range
of aerodynamic performance and flight control not possible with conventional wings.
NASA’s role includes providing leadership and technical expertise in several areas
(flight dynamics, controls, structures, aerodynamics, aeroelasticity, systems engi-
neering and integration, and flight and wind-tunnel testing) that are required to en-
hance our understanding of the physical phenomena involved. In collaboration with
Lockheed Martin Aeronautics and NextGen Aeronautics, NASA will conduct wind-
tunnel tests and Airworthiness and Safety Reviews for the program.
Q5c. Does your five-year budget support such types of flight experiments? If so, how

much are you including in your budget for such activities in each of the years
FY 2007 through FY 2011?

A5c. We do not currently have plans for additional active aeroelastic flight experi-
ments, apart from the reimbursable work cited in answer 5b above. We do have a
number of other flight experiments planned as described in our previous answers
above.
Q6. Based on your testimony, you indicate that with the exception of the $50 million

NRA awards, all of the aeronautics research funded by NASA will be done by
NASA employees and their Center-based support contractors. Other than com-
peting with universities for the NRA awards, industry’s role will be confined to
working with NASA on an unfunded basis through Space Act agreements. As
I understand it, NASA historically had split its research dollars roughly 50–50
between external and in-house research. Why have you decided to pull so much
of the aeronautics research funding back into the agency?

A6. NASA respectfully disagrees with the 50/50 statistic referenced in this question,
and we have attached data from the past five years supporting this conclusion. Our
data shows that the historical percentage of out-of-house funding versus the appro-
priated total (which includes Congressionally-directed projects and other direction
from Congress), is closer to 20 percent, based on a definition of ‘‘out-of-house’’ that
excludes on-site contractors, hardware and software procurements for laboratory,
tunnel, simulator, and flight tests, and NASA Headquarters procurements for sup-
porting commitments to studies and the JPDO.

The out-of-house funding versus the President’s request without Congressionally-
directed projects (which is what would provide the true apples-to-apples comparison
for FY 2007) ranges from nine to 14 percent. If you can provide the source of the
data showing the 50/50 split, NASA would be happy to evaluate it and try to explain
the discrepancy.

NASA’s aeronautics research program has always had a strong in-house compo-
nent of world-class researchers. This is essential in order to ensure that the re-
search that we conduct benefits the community broadly rather than targeting one
or two specific interests. It is also essential in our role as a source of independent
technical advice to our government partners in the FAA, JPDO, and the DOD. We
will not abdicate our responsibility to provide the intellectual stewardship of the
core competencies of aeronautics for the Nation, and this requires that we sustain
our in-house, world-class expertise.
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Q7a. Given the importance your testimony attaches to the interagency effort to de-
velop the Next Generation Air Transportation System [NGATS], it doesn’t ap-
pear on the surface to make much sense for NASA to be cutting its funding
for Airspace Systems research from $120 million in FY 2007 (which in itself
represents a $54 million decrease from the 2006 level) to a level of just $90
million in FY 2011. Moreover, given the impact of the decrease in purchasing
power due to inflation over the next five years, the rationale for such a cut is
unclear.

What specific guidance, if any, did you receive from the interagency Joint Plan-
ning and Development Office (JPDO)—the organization charged with devel-
oping the NGATS—that gave you the basis for cutting NASA’s Airspace Sys-
tems budget by that amount over the next five years? Please provide that guid-
ance for the record.

A7a. The Airspace Systems Program (ASP) research portfolio has been developed in
substantial collaboration with JPDO leadership. JPDO senior leaders contributed to
reviews and assessments of ASP early program planning material and served as key
participants in the review of the project proposals submitted i11 the spring of 2006.
As part of those reviews, the JPDO representatives stated that the proposed pro-
gram content was relevant and aligned with the NGATS vision. ASP has continued
to refine its technical roadmaps and resource plans through comparison to the re-
cently published JPDO concept of operations. However, specific adherence to an
NGATS schedule cannot be assured until the Enterprise Architecture, the Oper-
ational Improvement roadmaps, and the Integrated Capability Work Plans are de-
veloped and agreed to by the JPDO members. These activities are scheduled to cul-
minate during FY 2007. ASP will continue to pursue its research agenda and will
revisit its program objectives as more planning guidance from the JPDO becomes
available.

We note that the JPDO, as a planning and development organization, does not
have the authority to direct the budgets of any of its five member agencies, so there
is no specific JPDO budgetary guidance to submit for the record.
Q7b. What specific guidance, if any, did you receive from the Office of Management

and Budget regarding cutting the Airspace Systems budget by that amount
over the next five years? Please provide that guidance for the record.

A7b. The FY 2007 President’s Budget Request was approved by the Office of Man-
agement and Budget to meet the needs of NASA’s refocused aeronautics research
priorities. This allocation has enabled NASA to develop an aeronautics research
portfolio that achieves the following three core principles: 1) we will dedicate our-
selves to the mastery and intellectual stewardship of the core competencies of aero-
nautics for the Nation in all flight regimes; 2) we will focus our research in areas
that are appropriate to NASA’s unique capabilities; and, 3) we will directly address
the fundamental research needs of the NGATS while working closely with our agen-
cy partners in the JPDO.
Q7c. If you didn’t receive any specific guidance from the JPDO, please provide for

the record the specific analyses that were the basis for your decision to cut the
Airspace Systems budget by that amount over the next five years.

A7c. NASA’s research portfolio has been constructed according to the following
three core principles: 1) we will dedicate ourselves to the mastery and intellectual
stewardship of the core competencies of aeronautics for the Nation in all flight re-
gimes; 2) we will focus our research in areas that are appropriate to NASA’s unique
capabilities; and 3) we will directly address the fundamental research needs of the
NGATS while working closely with our agency partners in the JPDO. As such, we
have prioritized our research based on these principles.

Our commitment first and foremost must be to provide the mastery and intellec-
tual stewardship of the core competencies of aeronautics for the Nation. This in-
cludes core competencies relevant to ATM research, of course, but it also includes
a large number of other critical research areas that are addressed in our Funda-
mental Aeronautics and Aviation Safety Programs. Our research must focus on
areas appropriate to NASA, which means that we are phasing out work in the Air-
space Systems program that is near-term, incremental research as well as proto-
typing and operational development. Finally, our commitment to conducting the fun-
damental research needs of the NGATS necessitates a balanced research portfolio
that draws upon our NASA-unique capabilities to address ATM, environmental, effi-
ciency, and safety-related research challenges, all of which must be worked in order
for the NGATS vision to be realized.
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The four-step process described in the written testimony explains how the re-
search plans for all of the programs, including the Airspace Systems Program, were
developed. The detailed technical proposals that resulted from that process were as-
sessed for the quality of their technical, management, resource, and partnership
plans, and members of the JPDO, the FAA, and NOAA participated in that review
process.

Finally, we would like to emphasize that NGATS is not our only key commitment.
While it is a commitment that was highlighted in the written testimony, we take
our commitment to provide cutting-edge research for the benefit of the broad aero-
nautics community seriously. This community includes the JPDO but is by no
means limited to it. Our research provides critical knowledge, tools, concepts, tech-
nologies, and capabilities for our partners in the private sector (including the com-
mercial sector and academia), the DOD, and our colleagues within NASA’s space ex-
ploration community, and we cannot focus our attention on any one of them exclu-
sively.
Q8. At a recent congressional hearing on the interagency Joint Planning and Devel-

opment Office [JPDO] and its effort to develop the next generation air transpor-
tation system [NGATS], the GAO witness testified that:
‘‘. . .many experts told us that NASA’s new focus on fundamental research cre-
ates a gap in the [NGATS] technology development continuum. . .REDAC [the
FAA’s R&D Advisory Committee] further estimated that establishing the nec-
essary infrastructure in FAA could delay the implementation of NGATS by five
years.’’
What specifically have you done to ensure that your restructuring will not ad-
versely impact the Nation’s ability to field the next generation air transportation
system as soon as possible?

A8. NASA’s return to fundamental aeronautics research is precisely what is re-
quired if we as a nation are serious about the NGATS vision. The vision is not an
incremental advance on the existing system; it represents a true paradigm-shift and
it requires a commitment to long-term, cutting-edge research. Such a commitment
is precisely what NASA’s new program is offering. Our return to fundamental, inno-
vative research will increase the probability of development of the revolutionary
technologies that will be required for the successful implementation of NGATS and
will broaden the advanced technology development options.

The Airspace Systems Program (ASP) research portfolio has been developed with
substantial collaboration with JPDO leadership. JPDO senior leaders contributed to
reviews and assessments of ASP early program planning material and served as key
participants in the review of the project proposals submitted in the spring of 2006.
As part of those reviews, the JPDO representatives expressed that the proposed pro-
gram content was relevant and aligned to the NGATS vision. ASP has continued
to refine its technical roadmaps and resource plans through comparison to the re-
cently published JPDO concept of operations.

It is important to note that the Enterprise Architecture, the Operational Improve-
ment roadmaps, and the Integrated Capability Work Plans are still being developed.
These activities are planned to be settled during FY 2007. If these documents iden-
tify gaps in technology development or other areas, NASA and its JPDO partners
will work together to address those gaps. In the meantime, ASP will continue to
pursue its research agenda and will revisit its program objectives as more planning
guidance from the JPDO becomes available.

Finally, NASA is one of five member agencies participating in the JPDO, and our
role is to provide the fundamental research that will enable the NGATS vision. We
are not responsible for the implementation of NGATS. That responsibility lies with
the Federal Aviation Administration.
Q9. Relative to the level of technology development NASA would support for a par-

ticular technology, do you differentiate between technologies that are relevant to
commercial applications and technologies that are required to meet federal agen-
cy needs? I have in mind NASA’s support for the JPDO and its goals for na-
tional airspace modernization.

A9. NASA will not conduct near-term, incremental research, nor will we develop
prototypes or operational systems. With regard to the fundamental research that we
conduct in support of the NGATS, the algorithms, concepts, tools, and technologies
that we develop will be broadly disseminated, and through our collaborative re-
search partnerships with the other member agencies of the JPDO as well as the pri-
vate sector, will be easily accessible to all stakeholders. We note that, to the extent
that the future system is expected to be one that will employ substantial collabo-

VerDate 11-MAY-2000 20:04 Dec 30, 2006 Jkt 028626 PO 00000 Frm 00094 Fmt 6601 Sfmt 6621 C:\WORKD\SA06\071806\28626C SCIENCE1 PsN: SCIENCE1



411

rative decision making as it seeks to optimize operations in the NAS, research out-
comes that support air navigation service providers (i.e., government) and aircraft
operators (i.e., airlines, private pilots, etc.) will be largely indistinguishable.
Q9a. Given that NASA is the prime provider of R&D for the FAA, what is NASA’s

responsibility for moving air traffic management technologies up the Tech-
nology Readiness Level scale for the JPDO so that the FAA will be able to pick
it up and use it in the airspace system with the least delay?

A9a. The FAA is only one member of the aeronautics community whose needs guide
NASA’s research; our research must benefit the broad aeronautics community,
which includes our government partners in the FAA and the DOD, our partners in
space exploration, and our partners in industry and academia. We will conduct ex-
periments on the ground and in the air that explore the feasibility of advanced con-
cepts and technologies, but we will not prototype and we will not develop oper-
ational systems, including operational software. The FAA is responsible for imple-
mentation of the advanced tools, concepts, and technologies developed at NASA that
are relevant to NGATS.

NASA’s greatest contributions to the aeronautics community result from its abil-
ity to conduct high-quality, cutting-edge research that yields tools, concepts, and
technologies that build technical capability leading to multiple potential solutions to
the challenges of the future. NASA creates and disseminates knowledge with the
widest practical applicability, and will not prototype technologies that lead to point-
design solutions for today. The solutions needed for the NAS of 2025 require trans-
formational research and experimentation that NASA is uniquely prepared to pro-
vide.
Q9b. What is the farthest you envision NASA taking Air Traffic Management tech-

nology development in support of the JPDO and NGATS? Do all of the mem-
bers of the JPDO agree with you on that? And have you budgeted for such a
level of technology development?

A9b. NASA will test the feasibility of advanced ATM concepts, algorithms, and
technologies by means of systems-level numerical simulations. We will not proto-
type, and we will not develop operational systems, including operational software.
While we cannot speak for every individual member of the JPDO, both the JPDO
Director and the FAA Administrator have told us they understand NASA’s position
and have not indicated that this will lead to insurmountable challenges for NGATS
implementation. NASA’s budget supports the Agency’s experimental plans.
Q10. In your testimony, you state that you are spending some fraction of $130 mil-

lion on ‘‘JPDO procurement funds.’’ How much are you spending on JPDO pro-
curements, and what specifically are you spending the money on?

A10. NASA contributes $6 million to JPDO for its procurement needs, particularly
in its Evaluation and Analysis Division. It spends the money on a variety of contrac-
tors who specialize in systems analysis.
Q11. In your testimony, you discuss your outreach to the aeronautics community.

However, based on the charts you provided to Committee staff, all but a hand-
ful of your meetings with aeronautics stakeholders have taken place after you
announced your restructured aeronautics program in January of this year.
What specific input did you seek from industry or academia prior to announc-
ing your restructured R&D roadmaps at the AIAA conference in January 2006,
and what, if any, was your mechanism for getting that input?

A11. In January 2006, NASA announced plans for the upcoming restructuring. We
did not present a restructured program, as we were just beginning the process. We
provided preliminary roadmaps that evolved with industry, academic, non-profit,
and other government agency participation over the ensuing months into roadmaps
that in many cases now look quite different from their starting point.

NASA’s researchers are renowned for their expertise in the core competencies of
aeronautics, and they have long enjoyed professional relationships with people from
many different companies. Given this expertise and experience, my senior staff and
I felt that it was appropriate to ask them to formulate, through a series of work-
shops, an intelligent and independent starting point for the future direction of our
aeronautics research. It was important that this starting point incorporate their
knowledge based on years of interactions with the private sector, but without any
bias or influence from particular companies. The preliminary roadmaps that re-
sulted from these workshops were vetted with senior subject matter experts in the
DOD, the FAA, and the JPDO before being presented publicly in January 2006.
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NASA believes that all companies, regardless of size or location, must have equal
access to information and opportunities for collaboration with us. This was the moti-
vation behind the four-step process that was described in detail in the written testi-
mony submitted at the hearing on September 26, 2006. We received over 230 re-
sponses to our Request for Information from over 100 different organizations
throughout the country. Many of these organizations had not provided input into
NASA’s aeronautics program in the past. This input was carefully considered in the
development of the research plans we currently have in place. Thus, we firmly be-
lieve that our approach has resulted in a process that includes all and excludes none
who are interested in participating. We believe it is our duty to the taxpayer to con-
duct research that benefits the community broadly and to ensure that access to in-
formation and opportunities for collaboration with NASA are provided fairly and
equally to all in the Nation’s aeronautics community.

In addition, our research portfolio aligns very well with the recommendations of
the NRC Decadal Survey, which included participation from many members of the
private sector. Forty-seven of the 51 technical challenges recommended by the NRC
are currently present in our restructured portfolio. This is a strong affirmation that
our four-step process resulted in research plans that are focusing on the proper chal-
lenges across our entire portfolio.

With regard to your question about what external input was used before January
2006, there were several sources. First, before I became the Associate Adminis-
trator, I was the Senior Advisor to the NASA Administrator in Aeronautics, and in
that position, I met with the members of the Super10 alliance (Boeing, Cessna,
Gulfstream, Lockheed Martin, Northrop Grumman, Raytheon, General Electric,
Pratt & Whitney, Rolls-Royce’s Allison Advanced Development Unit, and NetJets),
with a senior member of the Aeronautics Research Advisory Committee before it
was disbanded as part of the Agency’s restructuring of its advisory councils, with
the leader of the RAND wind tunnel study, and with the Aeronautics and Space En-
gineering Board (ASEB). I also made it a point to meet with the FAA Administrator,
the FAA’s Associate Administrator for Safety, the Director of the JPDO, the Chief
Scientist of the Air Force, and the Tactical Technology Office Director at DARPA.

The following reports also provided important material that influenced the re-
shaping process:

• Final Report of the Commission on the Future of the U.S. Aerospace Industry,
Aerospace Commission, 2002

• Aeronautics Research and Technology for 2050: Assessing Visions and Goals,
National Research Council (NRC), 2002

• Securing the Future of U.S. Air Transportation: A System in Peril, National
Research Council (NRC), 2003

• Wind Tunnel and Propulsion Test Facilities: An Assessment of NASA’s Capa-
bilities to Serve National Needs, RAND Corporation, 2002/2003

• Review of NASA’s Aerospace Technology Enterprise: An Assessment of NASA’s
Aeronautics Technology Programs, National Research Council, 2004

• Responding to the Call: Aviation Plan for American Leadership, National In-
stitute of Aerospace (NIA), 2005.

We note that the NIA report was particularly comprehensive and represented a
wide range of participation from the community. Many have correctly observed that
this report had a strong influence on our restructuring. The report covered a
breadth of research areas in all flight regimes (there was a chapter for subsonics,
rotorcraft, supersonics, and hypersonics) as well as aviation safety and airspace sys-
tems, it advocated for long-term, cutting-edge research, and it attempted to provide
an integrated roadmap for each of the areas with links from foundational research
to systems-level capabilities.

After I became the Associate Administrator, but before January 2006, I met with
the AIA, ASA, ATK, UNITE (the UAV alliance), Flight Safety Technologies, and
Northrop Grumman. Then as now, my Deputy and I have an open-door policy about
meeting with those in the aeronautics community.

Questions submitted by Representative Michael M. Honda

Q1. When NASA provided its input to the President’s budget last fall, NASA had
not yet received input either from its in-house Aeronautics technical experts at
Langley, Glenn, Ames, and Dryden through your workshop process or from in-
dustry stakeholders. What were the data and analyses used to justify NASA’s
dramatic cut in the Aeronautics top-line from the $912 million initially appro-
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priated in FY 2006 to the $724.4 million in the President’s proposed FY 2007
budget? What were the analyses used to determine the program and center
breakdown of the proposed FY 2007 Aeronautic budget? Please provide the Com-
mittee with the data and analyses used to drive the approximately 30 percent
cuts in the Aviation Safety and Air Traffic Management programs.

A1. The FY 2007 President’s Budget Request for aeronautics meets the needs of
NASA’s refocused aeronautics research priorities. This allocation has enabled NASA
to develop a balanced aeronautics research portfolio that achieves the following
three core principles: 1) we will dedicate ourselves to the mastery and intellectual
stewardship of the core competencies of aeronautics for the Nation in all flight re-
gimes; 2) we will focus our research in areas that are appropriate to NASA’s unique
capabilities; and, 3) we will directly address the fundamental research needs of the
NGATS while working closely with our agency partners in the JPDO. The four-step
process described in the written testimony explains how resources were allocated to
the four research centers as well as to out-of-house procurement, including the
NRAs. The technical research plans that resulted from the peer-review process are
quite long and detailed but are available on-line at our web site
(www.aeronautics.nasa.gov). The results of the NRA source selections will be made
available when awards are made in November 2006.

The $54 million (∼30 percent) decline from FY 2006 to FY 2007 in the Airspace
Systems program is due to the planned completion and/or phase-out of certain
projects. The Small Aircraft Transportation Systems (SATS) project was completed
in early FY 2006 after a successful demonstration in June 2005. The Virtual Air-
space Modeling and Simulation Project and Wake Vortex Alleviation efforts are
ramping down during FY 2007 as previously planned. The Unmanned Aerial Vehi-
cles in the NAS Project, which was created to formulate policy recommendations to
the FAA for their operational control of UAVs, has provided a final NASA report
on the findings to FAA as part of the FY 2006 phase-out, and in accordance with
direction provided in the Conference Report (House Report 109–272) accompanying
H.R. 2862, the FY 2006 Science, State, Justice and Commerce Related Agencies Ap-
propriations bill. The Space-Based Technologies Project has also been phased out,
because it was duplicative of research being conducted by the DOD. The sum total
of these FY 2006 budgets was $46 million. In addition, $8 million of site-specific,
Congressionally-directed projects are not included in the FY 2007 Budget Request.

In Aviation Safety, the $46 million (∼30 percent) decline is a result of the planned
completion and phase out of several activities. The Aviation Security research initia-
tive completed a planned orderly phase out in early FY 2006. Other activities that
were completed in FY 2006 include incremental research in turbulence detection
technologies, and a Safety Program assessment study. Work in an Information Shar-
ing Initiative (ISI) was also scheduled for completion in FY 2006. However, in re-
sponse to feedback from the FAA and Industry a portion of the ISI activity is being
reinstituted to focus on development of advanced tools for data mining of disparate
sources of information. In addition, $7 million of Congressionally-directed projects
are not included in the FY 2007 Budget Request.
Q2. The more than 20 percent overall cut in NASA’s aeronautics program is one of

the major causes of the workforce turmoil at the Agency. Over the last two years,
through accelerated attrition, (through buyout incentives and pressures) as well
as the assignment of formerly-aeronautics engineers to cover ESMD work pack-
ages, NASA’s Aeronautics program has lost a measurable portion of its intellec-
tual capabilities. What analysis have you performed to evaluate the impact of
this loss of human capital, and what hiring strategy have your formulated to
assure that over the next five years NASA Aeronautics does not loose the core
competencies and workforce it will need to meet the long-term goals of your pro-
grams?

A2. While ARMD does not set the hiring strategies for the Agency, we believe that
our pursuit of the cutting edge coupled with our full and open NRA process will help
to replenish and enhance critical areas of aeronautics research and will help ensure
that NASA does not lose core competencies and the workforce needed to meet the
long-term goals of the programs.

ARMD also is taking an active role in developing a workforce that will help retain
the United States’ leadership in aeronautics. ARMD sponsored a workshop on June
1, 2006, to explore what can be done to improve the technical capabilities of the fu-
ture workforce to meet the needs of both NASA and the aerospace industry. Work-
shop participants from government, industry, academia, and professional and indus-
try organizations discussed the future of higher education, and what can be done
to better define and fill any gaps in the current education system that might pre-
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vent students from pursuing aerospace and aerospace-related careers. Outcomes of
the workshop included a number of ideas and concepts, both near-term and long-
term, about how we can all work together to improve the size and capability of the
future technical workforce.

Following the workshop, ARMD redefined a number of its educational activities
to better align with ongoing activities within universities, industry, and outside or-
ganizations. ARMD is partnering with these outside organizations by providing
technical expertise to help train and educate the future aerospace workforce. These
partnering activities include a series of case studies or lessons-learned monographs
on aeronautical topics; expansion of its ‘‘Beginner’s Guide to Aeronautics’’ Web-
based learning to include an updated module on the hypersonic regime; a series of
university texts and supplemental materials to fill gaps in the current educational
background of university students; support of design competitions that provide uni-
versity students with hands-on experience in the design and testing of aerospace
systems; and better methods for communicating NASA’s educational and research
opportunities to stakeholders.

It is also important to note that the fact that some aeronautics engineers are now
working on Exploration Systems Mission Directorate (ESMD) projects, while others
are splitting their time between ARMD and ESMD projects, and others yet find
themselves supporting even more than two mission directorates, is a great result
of the Agency’s initiative to break down historical stovepipes across centers and
across mission directorates. Such cross-fertilization of skills between aeronautics
and space-related activities is a positive factor and will help ensure that knowledge
flows freely between the directorates.
Q3. Your Aeronautics program concentrates on the development of products for the

long-term (10–20 years out), while the FAA focuses on immediate needs. Many
changes in vehicle mix and Air Traffic Control architecture are planned for an
intermediate timeline. What specific R&D activities are addressing safety and ef-
ficiency during the mid-term, especially during the transition to the new Na-
tional Airspace System and to the era of rapidly increasing vehicle hetero-
geneity?

A3. NASA aeronautics’ long-term research focus requires us to anticipate mid-term
goals and objectives in our research, both to measure overall progress, and to deter-
mine viable options for further pursuit. Additional appropriate milestones and
metrics established at shorter intervals along the way will ensure that we contin-
ually evaluate progress and results.

For example, the research activities of the Airspace Systems Program (ASP) will
include development of advanced system-level concepts as well as modeling and sim-
ulation tools to assess the performance of proposed advanced concepts. The goals of
system flexibility and scalability are currently being built into our tools and simula-
tions in order to anticipate and accommodate the uncertainties in demand, the mix
of aircraft and avionic equipment in the fleet, as well as operational concepts and
system architectures.

Leading up to the mid-term, our research tools and capabilities will be continually
improved. This in turn enables the trades that will be essential to evaluate the per-
formance of candidate ‘‘mid term’’ and ‘‘advanced’’ concepts. NASA’s research to date
has provided the state-of-the-art of such tools, which are currently used by the
JPDO to make the trades and assess proposed concepts in order to define system
requirements. Based on experience, we anticipate that our intermediate results will
be directly relevant to the needs and advances in the National Airspace System.

As another example, the Integrated Intelligent Flight Deck (IIFD) project in the
ASP will be developing technologies within the next five years to improve the pilot’s
situational awareness of the cockpit and external environment. This will enable the
pilot to better adapt to changing workload and procedures as a result of new capa-
bilities introduced into the NAS.
Q4. Most accidents can be traced, not to vehicle component failures, but rather to

a series of operational and environmental occurrences that together result in an
anomalous event. How does your Aeronautics program address system-level de-
sign and failure mitigation, i.e., the emergent impact of combining technological,
human, and environmental factors? Given that human error and weather con-
stitute two of the largest remaining risk factors in aviation safety, why has re-
search and development in these key areas been de-emphasized in your Aviation
Safety Program?

A4. Within the Aviation Safety Program, research involving Human-System Inter-
actions and/or system level-safety is included across multiple projects. Additionally,
it is a focused activity within the IIFD project, which has developed a 10-year road-
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map for integrated multi-disciplinary research that captures the breadth of research
needs for improved flight deck system safety. The research planning considers a
flight deck system wherein one or more human operators are elements of this sys-
tem. This acknowledges the fact that the act of safely directing a flight in current
and future operational environments requires a complex system whose behavior will
result from a strong coupling of physical processes, human behavior, accurate
weather information, and computer-controlled systems. As a result, an overarching
guideline is promoted in the research to apply an integrated holistic approach in
order to bring about new system-level capabilities such as those envisioned by the
NGATS while simultaneously improving safety.

Regarding weather-related research, NASA has already completed extensive re-
search in hazardous weather detection and avoidance, much of which has already
transferred into operational use. We will be building on this work in the IIFD
project to develop technologies to help aircraft system designers and operators better
integrate human performance, weather information, and new automation capabili-
ties into the flight deck environment.
Q5. Currently, many more people die each year in U.S. General Aviation accidents

than in commercial jets. To what extent have you consulted with the GA commu-
nity on its R&D needs? How does your Aeronautics program address the impact
of widely diverse GA aircraft (heritage, technically advanced, and very light jets)
and Unmanned Aircraft operation in the National Airspace System of the fu-
ture?

A5. Because of NASA’s focus on fundamental, pre-competitive research that has
broad applicability to a wide variety of air vehicles, rather than on research that
targets point-design solutions, much of the research in both the Fundamental Aero-
nautics and Aviation Safety programs will benefit the GA community and Un-
manned Aircraft Systems as well as large transport aircraft.

In January 2006, NASA issued a Request for Information (RFI) to solicit input
from industry to include interest in collaborative non-reimbursable partnerships.
The RFI was open to all vehicle classes to include the GA community. In the Avia-
tion Safety Program, we received about 50 responses from industry organizations
expressing an interest to collaborate in Aviation Safety research, including re-
sponses from a GA airframe manufacturer and numerous avionics suppliers for GA
aircraft. We have already visited Gulfstream, and are in discussions with them for
collaborative activities. Our upcoming travel plans include a trip to Raytheon and
Cessna, and we have already met with several avionics companies.

We would also like to note that the SATS project had very close participation with
the GA community and conducted a research agenda that addressed many of its
needs. Elements of that project have been incorporated in the new program struc-
ture as the Airspace Systems Program plans to examine the questions of safely and
efficiently providing automated self-separation from the flight deck and in allocating
distributed and centralized air traffic control roles and responsibilities. These basic
questions are the same ones that need be addressed as the Nation seeks to accom-
modate the varied business models for airspace operations that include a widely
mixed fleet and unmanned autonomous aircraft.
Q6. Given NASA’s unique role in the aviation industry as an ‘‘honest broker’’ re-

spected by all stakeholders and given NASA’s track record as the best source of
operationally relevant research and applications, why has your Aeronautics pro-
gram cut most operationally relevant research? Indeed, given the long lead time
and high cost of integrating new technologies into advanced vehicles versus the
near-term impact and low cost of safety interventions such as enhanced training
and procedures, why is NASA cutting its R&D in these low-cost, high-payoff
areas?

A6. NASA’s role is to conduct the long-term, cutting-edge research for our partners
in both the Government and private sector who will then develop the prototypes and
operational systems appropriate to their missions. It is not NASA’s role to conduct
near-term incremental research nor is it our role to develop prototypes or oper-
ational systems. Furthermore, it is not our role to make recommendations regarding
safety procedures. This responsibility belongs to the Federal Aviation Administra-
tion (FAA).

While we appreciate that people consider NASA to be an ‘‘honest broker,’’ we
think that this implication discredits the safety motives of both industry and other
government agencies. It has been through their vigilance, with contributions from
NASA, that our U.S. Air Transportation System is widely recognized as among the
safest operations in the world. Given this evidence of vigilance, there are other capa-
ble organizations within the U.S. aviation community who can also act as honest
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brokers when it comes to safety. NASA must return to its unique role as a research
entity that invests in long-term cutting-edge research that has a potentially high
pay-off for the Nation, but which is too high risk for industry to pursue alone. NASA
will continue to collaborate with industry and other government agencies to ensure
that our research is relevant to the future needs of the broad community, and that
the new capabilities, tools, and technologies that we develop can be transferred to
the community as quickly and efficiently as possible. The FAA has the responsi-
bility, capability, and the authority to ensure that the current and near-term air
transportation system is as safe as possible.
Q7. How did you determine the priorities of your Aviation Safety program? Prior to

sending the proposed FY 2007 budget to OMB last fall, what did you do to as-
certain the critical needs of key aviation stakeholders—e.g., pilots, airlines, man-
ufacturers, helicopter operators, GA operators, FAA, NTSB—before setting the
R&D priorities and budget of the new Aviation Safety program?

A7. At the beginning of the first focused Safety Program in 1997, NASA sponsored
a series of workshops with industry and government participants to identify and
prioritize NASA’s portfolio of safety research activities that would support the Na-
tional Goal to reduce the fatal accident rate. In addition to NASA’s own expertise,
participation at the workshops included representatives from the Air Transport As-
sociation, the GA and Rotorcraft community, Boeing, the airlines, avionics suppliers,
the FAA, and other government agencies. As the second phase of the Safety pro-
gram was being planned in 2004, NASA built upon this knowledge base and con-
ducted another workshop with industry and government participation to refine and
prioritize NASA’s portfolio of proposed Safety research activities. Even though the
current planning reflects a shift to more fundamental research, previous findings of
the safety workshops influenced the portfolio of activities in each of the project
areas. We also continue to be directly involved with the Commercial Aviation Safety
Team (CAST), which is a collaboration of government and industry organizations
from the commercial transport aviation community that identifies, implements, and
tracks new interventions intended to improve aviation safety. The 2007 CAST Plan
Implementation Values report was a valuable resource in the development of the re-
search plans for IVHM, IRAC, and IIFD. Furthermore, in January 2006 NASA
issued a Request for Information (RFI) to solicit input from industry for collabo-
rative non-reimbursable partnerships in aviation safety research. We received about
50 responses from a variety of industry organizations expressing an interest to col-
laborate.
Q8. NASA Aeronautics R&D can play a significant role in supporting U.S. economic

competitiveness. By what means have you assessed the synergy of your proposed
Aeronautics fundamental research portfolio with U.S. industry’s development
pipeline?

A8. NASA’s research should not be aligned with industry’s current development
pipeline, but rather, the future system-level challenges that industry faces. In order
to ensure that our research plans address those key challenges in a pre-competitive
manner, so as to be useful to all of industry, we employed the Request for Informa-
tion (RFI) process as described in the written testimony, and we incorporated the
feedback from those RFIs into the proposal development. We are also reaching out
to the strategic thinkers in industry by traveling to companies across the country
to discuss opportunities for collaboration and to ensure that the lines of communica-
tion remain open. We have also begun a series of informal meetings with the aero-
nautics community that we intend to hold on a regular basis in order to maintain
open lines of communication. It is anticipated that aeronautics leaders from indus-
try, academia, industry associations, and non-profit associations will make up the
pool of participants for the meetings, with the particular meeting topics determining
the make-up of the meeting attendees. These meetings are not intended to generate
definitive or consensus recommendations, but to provide participants with a forum
to express their various individual points of view as experts in their field. ARMD’s
research programs are also using Industry Days as an effective means to reach out
to our industry stakeholders. Industry Days are a useful means for industry partici-
pants to discuss the particulars of potential pre-competitive research partnerships
appropriate for work under Space Act Agreements.

Finally, we would point out that our research portfolio aligns very well with the
recommendations of the NRC Decadal Survey, which focused its attention on re-
search challenges in civil aeronautics, and which was conducted completely inde-
pendently of our own restructuring. Forty-seven of the 51 technical challenges rec-
ommended by the NRC are currently present in our restructured portfolio (see at-
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tached Cross-walk matrix). We believe this is a strong affirmation that we are focus-
ing our efforts on the proper research areas across our entire portfolio.
Q9. In contrast to scheduled airline operations, large segments of the rotorcraft com-

munity such as emergency medical service and off-shore oil support helicopters
are experiencing increasing accident rates and risk exposure. What is your Aero-
nautics program doing to improve the near-term operational safety of these im-
portant categories of aviation, independent of long-term technology development
efforts?

A9. As with the fixed wing community, NASA will continue to collaborate with in-
dustry and other government agencies to ensure its research is relevant to the fu-
ture needs of the rotorcraft community, and that the result of its research can be
transferred to the user community as quickly and efficiently as possible. Represent-
atives from the rotorcraft industry have visited NASA and we have been to their
facilities to discuss potential areas of collaboration. NASA is planning to participate
in the International Helicopter Safety Team, which is an entity similar to the Com-
mercial Aviation Safety Team that is made up of industry and government organiza-
tions that have teamed together to identify and address safety concerns.

Questions submitted by Representative Brad Miller

Q1. Please provide for the record your response to the question of whether it is cor-
rect that NASA Ames Center has lost 15 percent of its civil service human fac-
tors experts and close to 70 percent of its contractor and academic human factors
technical support since the beginning of FY 2005. If it is incorrect, please pro-
vide the correct numbers. Do you agree that such losses are a problem, and if
so, what are you doing to replenish NASA’s human factors capabilities?

A1. The reformulation of NASA’s Aeronautics program has built integrated, multi-
disciplinary research projects in place of isolated, stand-alone activities that had lit-
tle connectivity to higher-level objectives. As a result of this new focus, the appro-
priate skill mix to conduct the research changed. Human factors research continues
to be a critical component of NASA’s Aeronautics program, but now it is directly
connected to the broader goals of the program as a whole. Implementing this refor-
mulated program did not cause a reduction of civil service employees at Ames. In
some cases, staff members were redeployed to other programs in order to make the
best possible use of available skills. The realignment resulted in a modest shift of
contractor effort away from fundamental human factors research toward analysis of
integrated systems. The net change in contractor and academic human factors tech-
nical support since the beginning of FY 2005 to date is a reduction of about 40 per-
cent. The impact of this reduction was partially mitigated through reassignment of
some contractors to other projects. These skill mix adjustments are in line with the
requirements of the reformulated Aeronautics program.
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ANSWERS TO POST-HEARING QUESTIONS

Responses by Major General William Hoover (Ret.), Co-Chair, National Academy of
Sciences’ Steering Committee

Questions submitted by Chairman Ken Calvert

Technology Certification

Q1. The Decadal Survey recommends NASA work closely with the Federal Aviation
Administration to ensure that new technologies be certified. Certification work
has traditionally been the domain of regulatory authorities which write and en-
force operating standards. Why should NASA take on the task of helping FAA
develop certification standards?

A1. The Decadal Survey committee named certification as a barrier to the realiza-
tion of the next-generation air transportation system. Current certification processes
and methods will encumber the transition of new technology into the system.

From the Decadal Survey:
‘‘As systems become more complex and non-deterministic, methods to certify new
technologies become more difficult to validate. Core research in methods and
models for assessing the performance of large-scale systems, human-interactive
systems, non-deterministic systems, and complex, software-intensive systems, in-
cluding safety and reliability in all relevant operating conditions, is essential for
NASA, because such research is currently beyond the capabilities of regulators
such as the FAA.’’

It is important to note that the Decadal Survey does not encourage NASA to ‘‘en-
sure that new technologies be certified,’’ but rather, to research certification meth-
ods and standards in order to improve the speed, reliability, and overall value of
the certification process—and to ensure that science and technology necessary to
certify new civil aviation technology is available. To be useful, new civil aviation
technology must be certifiable, and if the new technology is incompatible with exist-
ing certification standards and methods, then NASA should also support research
to provide the FAA with the science and technology it needs to develop and validate
new certification standards and methods. The proper roles for NASA, according to
the Decadal Survey are:

• ‘‘Systematic documentation and publication of model and design assumptions
from the earliest stage of R&T development, to aid in a technology’s ultimate
certification.

• Ongoing iterative validation of models and design tools—and their specifica-
tions—during their development, and verification of models and design tools
relative to their specifications.

• Generation of databases and models from empirical data to provide a basis
for validation and certification.

• Establishment of community-accepted metrics, criteria, and methods for vali-
dation and certification.’’

Finally, the committee questioned whether the current configuration of federal
aeronautics research was optimal for ensuring a high level of technology transition.
The report recommended a re-examination of high-level organizational options to as-
sure continued U.S. leadership in civil aeronautics.

Space-Related Research

Q2. What was the committee’s rationale for citing the space program as a ‘‘lower pri-
ority Strategic Objective’’?

A2. The focus of this study was on civil aeronautics. The Decadal Survey Committee
felt that the major customer of civil aeronautics is the national air transportation
system. Certain aeronautical research topics could benefit the space program, but
re-entry vehicles and Martian airplanes are of little use to the flying public. Fur-
ther, the budget of the space program dwarfs the amount of funding available for
aeronautical research. The committee felt that prioritizing aeronautics research for
space above aeronautics research for aeronautics (1) essentially uses the small and
shrinking aeronautics budget to subsidize the much larger budget of the space pro-
gram, (2) is poor stewardship of the Nation’s small aeronautics budget, and (3) dis-
guises the true cost of the space program. All this could be avoided if the space pro-
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gram funded research in all flight regimes (including hypersonics research, which
has no civil aviation applications) necessary to support the space program. The com-
mittee did see added value in technologies that had benefits to space as well as to
civil aeronautics, and felt that including ‘‘support to space’’ as a lesser-weighted
strategic objective was a good way to express this.

Questions submitted by Representative Mark Udall

Q1. NASA aeronautics program management has stated that they intend to focus on
fundamental aeronautics rather than demonstrators, emphasizing the difference
between ‘‘experiments’’ and ‘‘demonstrators.’’ What are your views on NASA’s
planned approach?

A1. The committee believes that demonstrations have made important contributions
over the history of aeronautics. At some point—whether labeled a ‘‘demonstration’’
or ‘‘experiment’’—flight tests are a necessary part of the development process for
many important aeronautical technologies. With the advent of more sophisticated
system-of-system analysis techniques, physics-based modeling, simulation, etc., ex-
pensive single solution point designs of the past can be replaced with more generic
validations and data. However, computer simulations still require verification and
validation at some point. I personally believe if we are ever going to gain acceptance
of game-changing technologies, such as overland supersonic flight, we will need
flight demonstrations (or experiments) validate claims that sonic boom sound pres-
sure levels are low enough to be acceptable to the public, regulators, and legislators.
Q2. What is your sense of the outside community’s view of the redirection of the

NASA Aeronautics program? What, if any, concerns have you heard expressed?
A2. I sense that most of industry and many academics are questioning the rel-
evance of NASA’s aeronautics research. NASA is not seeking to engage industry, ei-
ther by offering useful partnerships and funding, or even just by pursuing research
that is of interest to industry. Many academics who are interested in fundamental
aeronautical sciences are pleased with NASA’s new direction, but those interested
in more advanced topics, such as systems research and certification methods, feel
that NASA has nothing for them. Overall, many academics are worried that NASA’s
ability to attract, support, and mentor students may be greatly diminished.
Q3. What did the National Academies’ Decadal Survey conclude about the relative

priority that should be given to aeronautics research in support of the President’s
Vision for Space Exploration and other space activities?

A3. The committee named ‘‘Support to Space’’ as one of the strategic objectives that
could be used to evaluate the value of a given technology, but gave this objective
a low weight. In terms of apportioning the limited budget available for civil aero-
nautics, support to space was considered to be less important than capacity; safety
and reliability; efficiency and performance; and energy and the environment; and
considered to be equal in importance to synergies with defense. As stated in the re-
sponse to Majority Question 2, The Decadal Survey Committee felt that the major
customer of civil aeronautics is the national air transportation system. Certain aero-
nautical research topics could benefit the space program, but re-entry vehicles and
Martian airplanes are of little use to the flying public. Further, the budget of the
space program dwarfs the amount of funding available for aeronautical research.
The committee felt that prioritizing aeronautics research for space above aero-
nautics research for aeronautics (1) essentially uses the small and shrinking aero-
nautics budget to subsidize the much larger budget of the space program, (2) is poor
stewardship of the Nation’s small aeronautics budget, and (3) disguises the true cost
of the space program. All this could be avoided if the space program funded research
in all flight regimes (including hypersonics research, which has no civil aviation ap-
plications) necessary to support the space program. The committee did see added
value in technologies that had benefits to space as well as to civil aeronautics, and
felt that including ‘‘support to space’’ as a lesser-weighted strategic objective was a
good way to express this.
Q4. How would you differentiate the National Academies’ Decadal Survey of Civil

Aeronautics from the process that NASA used in coming up with its restructured
aeronautics program in January of this year?

A4. Few details were available about NASA’s prioritization process, and its plan-
ning sessions were not open to the public, so I cannot address this question in de-
tail. The most obvious difference is in methodology. The National Academies en-
gaged a large sample of the aeronautical community-industry, academia, NASA, and
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other federal agencies. We clearly documented our process—a process which is
transparent, repeatable, and has the flexibility to accommodate changing priorities,
such as a new aeronautics policy. The report was subject to the Academies’ rigorous
external review process. While NASA held listening sessions to gain the input of
other stakeholders, the final priorities were decided completely internally. NASA did
not release any documents outlining their process and it is unknown what sort of
review was used to validate its findings.
Q5. What do you think would motivate industry [e.g., cause it commit serious re-

sources] to work with NASA on aeronautics R&D?
A5. NASA contends that its fundamental research includes applied research. In my
opinion, NASA must realize that industry is the major customer for most of its civil
aeronautics research, and work to attract industry’s attention. NASA must include
industry in its planning processes to ensure that research projects are of interest,
and that proper hand-off criteria are agreed upon and established. Although indus-
try will easily pick up technology that has a clear business case, NASA and industry
should work to identify and agree upon topics that will be of value further down
the road. NASA must offer some reciprocation of funds—if industry has to bring all
of the money, they would prefer to keep their projects in-house. Finally, NASA must
work to provide industry assurance of intellectual rights, where appropriate.
Q6. Earlier this year, the Aircraft Safety Subcommittee of the FAA’s R&D Advisory

Committee made the following recommendation to FAA management:
‘‘The FAA needs to make an assessment of the impact of the budget cuts in
NASA’s aeronautics R&D. Subcommittee on Aircraft Safety is concerned that
there may be inadequate resources in the FAA’s budget for taking on safety-re-
lated research that NASA used to perform in the past but won’t be funded to
cover in the future.’’

Q6a. Did the Decadal Survey look at the impact that the budget cuts and
reprioritization going on in NASA’s aeronautics program are having on avia-
tion safety research?

A6a. No. The charge of the Decadal Survey was to identify technology challenges
that need to be addressed, not to review any current NASA programs, or to analyze
budgetary issues.
Q6b. Do you share the FAA Aircraft Safety advisory subcommittee’s concern that

NASA’s actions could have negative consequences for government-wide activi-
ties related to aviation safety?

A6b. The Decadal Survey Committee identified safety as a major criteria in
prioritizing research topics. Based on the their experience, instead of identifying
specific ‘‘safety’’ topics as an end unto themselves, the committee felt that safety
should be incorporated along every step of the research process in every research
and technology challenge.

The committee did not review any specific activities at NASA or the FAA, and
cannot comment on the impact of specific budgetary or programmatic actions, many
of which took place in parallel with the work of the committee.
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Appendix 2:

ADDITIONAL MATERIAL FOR THE RECORD
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