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National Research Council (NRC) decadal science strategy surveys provide 
decade-long retrospective and forward-looking assessments of the status of and 
outlook for a research field, and they provide broadly based recommendations 
for explicit scientific and programmatic priorities for future investments in the 
field. While these surveys have been widely successful, implementation problems 
have been encountered as the relevant government agencies and the scientific 
community try to follow the advice contained in them. These problems, which 
have been due to a combination of fiscal, technical, programmatic, and policy 
factors, suggest that the approach to future decadal surveys needs to be carefully 
examined and possibly modified or improved.

Consequently, the Space Studies Board concluded that it would be timely 
and important to bring members of the research community and representatives 
of relevant government offices together to discuss the use of NRC decadal sur-
veys for developing and implementing scientific priorities, to review and discuss 
lessons learned from the most recent surveys, and to identify approaches that 
could enhance the realism, utility, and endurance of future surveys.

A public workshop was conducted on November 14-16, 2006, at the National 
Academies’ Beckman Center in Irvine, California, to address these issues. A 
workshop planning committee, whose members were drawn from the member-
ship of the Space Studies Board, developed an agenda for the workshop and 
selected and invited workshop participants. The workshop featured presentations, 
panel discussions, and general discussions on the use of NRC decadal surveys for 
developing and implementing scientific priorities in astronomy and astrophysics, 
planetary science, solar and space physics, and Earth science. The workshop 
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viii	 PREFACE

agenda is presented in Appendix A, and short biographies of the approximately 
60 participants from academia, industry, government, and the NRC are presented 
in Appendix B.

This workshop report, prepared by the workshop rapporteur, Jack D. Fellows, 
with the assistance of NRC staff member Joseph Alexander, is intended to be a 
summary of what occurred at the workshop. The Space Studies Board intends 
for the report to stimulate discussion about future decadal surveys all across the 
scientific community, the relevant federal agencies, and Congress and to be useful 
to the NRC as the next rounds of decadal surveys are planned and organized.
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The Workshop on Decadal Science Strategy Surveys was held on November 
14-16, 2006, to promote discussions of the use of National Research Council 
(NRC) decadal surveys for developing and implementing scientific priorities, to 
review lessons learned from the most recent surveys, and to identify potential 
approaches for future surveys that can enhance their realism, utility, and endur-
ance. The workshop involved approximately 60 participants from academia, 
industry, government, and the NRC. This report summarizes the workshop pre-
sentations, panel discussions, and general discussions on the use of decadal 
surveys for developing and implementing scientific priorities in astronomy and 
astrophysics, planetary science, solar and space physics, and Earth science.

Workshop Background

NRC decadal surveys provide broad assessments of the status of research 
fields, and they develop recommendations for scientific and programmatic priori-
ties for future investments in the fields. Workshop participants from both inside 
and outside the government shared the view that the decadal surveys are impor-
tant, especially because they have positive impacts on federal agency planning 
and decision making and on science community unity. Efforts by survey commit-
tees to draw wide community participation, engage in consensus building, and set 
explicit science-based priorities were repeatedly cited as features of the surveys 
that make them the gold standard for advice on research program planning. 

While the surveys have been widely successful, government agencies and the 
scientific communities that have tried to follow survey advice have had to deal 
with several notable problems, including the following:

Summary

��
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•	 Cost and technical risk. Survey estimates of program cost and technology 
readiness have sometimes proved to be overly optimistic or have not included the 
full life-cycle costs of initiatives.

•	 Resiliency and execution. Surveys have not always provided guidance on 
how to respond to budgetary, programmatic, or policy changes that significantly 
impact survey recommendations. Nor have they addressed the impacts on a bal-
anced portfolio of large, medium, and small projects when a large development 
project encounters cost and/or technical trouble.

•	 Planning, management, and collaboration. The charges to survey com-
mittees have often been very broad and open ended, and the surveys themselves 
have not always been timed to match agency or political planning cycles. Survey 
committees have also encountered problems when research programs are not well 
coordinated between agencies or nations. Some ask whether survey users should 
have recommendations on broad science objectives or on specific missions or 
facilities. Recent surveys have not always explicitly reconsidered the recommen-
dations of previous surveys.

leveraging past successes and  
improving future surveys

The workshop brought together subject experts, previous survey committee 
members, and a broad range of survey users over a 3-day period to discuss the 
pros and cons of various approaches of recent surveys to issues such as those 
noted above so that future surveys can handle these issues as effectively as pos-
sible. This rich discussion touched on each of the three problem areas noted 
above, with the views expressed by many participants highlighted below.

Cost and Technical Risk

Many participants noted that program cost estimates, which were based 
largely on information from the National Aeronautics and Space Administra-
tion, have become problematic and that too often costs have turned out to be as 
much as four times the original cost estimates. Participants urged that agencies 
continue to develop and improve cost and schedule parametric models for space 
missions. These models should reflect that software has become a dominant factor 
that impacts cost and schedule for many missions in ways just as important as 
traditional factors such as spacecraft mass or power. Some experts also noted that 
instrument development is a leading contributor to cost risk, so that programs for 
reducing risk related to instruments are also especially important.

In looking to future decadal surveys, participants appeared to agree that 
survey committees need to do four things: (1) include cost assessment and tech-
nology experts on survey committees, (2) obtain independent cost estimates and 
include cradle-to-grave life-cycle costs, (3) include cost uncertainty indexes to 
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help define the risk of cost growth, and (4) use common costing approaches so 
that costs for different missions or facilities can be compared. The discussions 
repeatedly made the point that early cost estimates are better for comparing mis-
sion costs than they are for providing absolute cost projections, because most 
mission candidates are far short of being ready for a preliminary design review. 
Consequently, participants argued for the use of cost bins, or ranges, rather than 
specific costs. They also suggested that the technology being considered for a 
mission or facility needs to be well understood or characterized before a cost for 
it can be estimated.

Resiliency and Execution

Workshop participants acknowledged that unanticipated, but seemingly 
inevitable, changes in the budgetary, programmatic, and/or political environment 
present a challenge to the ability of government agencies and the research com-
munity to implement the priorities set in a survey report. They identified a number 
of steps that could enhance the resiliency of a survey’s recommendations and 
increase the likelihood that a recommended program could be executed as pro-
posed. For example, participants argued that survey committees should establish 
metrics for creating and maintaining a balanced set of projects. Many speakers 
felt that survey committees need to recognize that proposing a range of missions 
or facilities (small, medium, and large, plus core research and technology activi-
ties) will be intrinsically more resilient than proposing mostly large, complex 
initiatives. They supported the idea that maximizing the number of projects to be 
selected competitively will enhance program resiliency.

In discussions about how to cope with a large increase in the cost of projects 
and the attendant impacts of such growth, some participants felt that survey com-
mittees need to be very conservative about recommending large missions that 
are not yet well defined or understood. As one speaker put it, “If a mission isn’t 
understood well enough to derive a good cost estimate, then it doesn’t deserve a 
priority.” Several experts argued that even after a presumably well-founded cost 
estimate is in hand, a reserve (~20 percent of the expected mission cost) must 
be held separately from the project manager’s mission or facility development 
budget contingency funds. 

Finally, several participants noted that survey committees would be wise to 
start with a more realistic sense of agency budgetary and policy environments 
and to build stronger partnerships with agencies so that surveys can be more 
resilient.

Planning, Management, and Collaboration

Discussions about the timing of decadal surveys touched on both the time 
required to complete a survey and the time span over which a survey should look. 
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There appeared to be broad agreement that 2 years is roughly appropriate for 
completing a comprehensive survey and that 10 years is about the right planning 
horizon. Agency representatives mentioned that they get plenty of conflicting 
advice, so that having a stable, long-term survey is very important. While there 
were also arguments that surveys should not be arbitrarily revised, it might make 
sense to build triggers into surveys, where cost growth or policy changes would 
require the survey to be revisited by a qualified group. A number of speakers 
suggested that scenario analysis be a part of any survey whose users want it to 
remain robust over a decade. Or, even better, that decision rules be included in the 
survey for dealing with unforeseen changes. Discussions of timing also drew sug-
gestions that surveys need to be synchronized with other key planning processes 
(e.g., agency planning milestones and political cycles).

Several important factors for planning and organizing decadal surveys were 
mentioned repeatedly. First, former survey committee chairs noted that the survey 
charge must be clear and focused to avoid open-ended tasks and should be vetted 
fully with the research community and relevant government agencies. There was 
widespread agreement that surveys should have substantial community owner-
ship and input. Some participants argued that all of the stakeholders (including 
the science community, federal agencies, and Congress) need to be part of the 
survey process (including definition, information gathering, and dissemination 
of results). A point that became clear in discussions of a survey’s assessment of 
cost, technology risk, and program execution was that survey committees need to 
include not only scientific disciplinary expertise, but also expertise in other areas 
such as hardware development, program management, systems engineering, cost 
estimating, and policy. There was also general agreement that survey planning 
should include how to disseminate the survey report to users and how to make it 
comprehensible and appealing to the public.

Workshop participants expressed support for the idea that surveys should 
remain focused on science first so that there would be a clear and compelling pre-
sentation of the important science to be done and that the subsequent presentation 
of programmatic priorities and recommendations should always be traceable back 
to the science. Speakers also agreed that it is important to highlight applications 
that can be drawn from basic science missions and that can benefit society in an 
immediate and tangible way. Finally, many participants noted that priorities rec-
ommended in previous surveys should be readdressed in the context of the new 
survey and its priorities, and recommendations in the previous surveys should not 
be assumed to be guaranteed or irreversible.

The workshop also stimulated discussion about several aspects of internal 
and external coordination. First, some participants acknowledged that while 
interagency and international cooperative programs have a chance of promoting 
cooperation across organizational boundaries, they tend to be a great challenge 
and rarely result in substantial cost savings. Therefore, agencies need to give 
extra attention to integrating such cooperative efforts as effectively as possible. 
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Second, participants noted that as long as human exploration of space is a major 
national space goal, future surveys should not altogether ignore such exploration. 
However, science surveys should stick with the principle of “science first” while 
integrating research that can be enabled by human spaceflight into overall science 
priorities to be recommended in a survey report.
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Introduction

In the 1960s, the National Research Council (NRC) began carrying out 
broad disciplinary surveys of the status and long-term scientific outlook of two 
fields, physics and astronomy. These surveys, which were updated roughly every 
10 years, became known as “decadal surveys.”� Over the years, the astronomy 
surveys were particularly useful for two reasons. First, they developed clear pri-
orities for major undertakings in space and on the ground. Second, they arrived 
at those priorities through a process that involved consultations with a significant 
cross section of the research community and that led to a broad consensus. They 
have come to serve as a model for other NRC disciplinary assessments.

In recent years, other disciplines, recognizing the value of the survey process, 
have undertaken assessments of their own fields, among them space science and 
Earth science (from the point of view of space). In 2002 the Space Studies Board 
oversaw the completion of two new reports that expanded the creation of decadal-
scale consensus strategies into the research fields of solar system exploration and 
of solar and space physics.� The Space Studies Board initiated a new decadal 
survey study for Earth science and applications from space in 2003, and the report 
from that study was expected to be complete in January 2007.� Currently in prog-

�The most recent NRC astronomy and astrophysics survey report, Astronomy and Astrophysics in 
the New Millennium (National Academy Press, Washington, D.C., 2001), was completed in 2000. 

�NRC, The Sun to the Earth—and Beyond: A Decadal Research Strategy in Solar and Space 
Physics, The National Academies Press, Washington, D.C., 2003, and NRC, Solar and Space Physics 
and Its Role in Space Exploration, The National Academies Press, Washington, D.C., 2004.

�See NRC, Earth Science and Applications from Space: National Imperatives for the Next Decade and 
Beyond, uncorrected prepublication copy, The National Academies Press, Washington, D.C., 2007.

�
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ress under the Board on Physics and Astronomy, Physics 2010� has introduced 
some new elements, including the involvement of scientists from other disciplines 
and policy makers with broad experience communicating science to the public 
and the Washington, D.C., federal government audience. The first volume of the 
series, covering elementary particle physics and relevant aspects of astrophysics, 
was recently released. The series will be completed in 2010.�

The most effective surveys succeeded in attaining several goals: (1) providing 
an authoritative assessment of the accomplishments of the field; (2) motivating a 
compelling scientific research program for the future and identifying areas that 
show the most promise for further progress; (3) presenting explicit priorities 
based on a consensus of the research community on the most important, poten-
tially revolutionary science that should be undertaken within the span of a decade; 
(4) developing priorities for future investments in research facilities, space mis-
sions, and/or supporting programs; (5) ranking competing opportunities and ideas 
and clearly indicating which ones are of higher priority in terms of timing, risk, 
and cost of implementation; and (6) making the difficult adverse decisions about 
other meritorious ideas that cannot be accommodated with realistically available 
resources.

All decadal surveys to date have been well received and influential with 
government decision makers, both in the executive branch—e.g., at the Office 
of Management and Budget, Office of Science and Technology Policy, National 
Aeronautics and Space Administration, National Science Foundation, Department 
of Commerce National Oceanic and Atmospheric Administration, Department 
of Defense, and U.S. Geological Survey—and with Congress (in the relevant 
authorization and appropriation committees).� As the NRC organizes new decadal 
surveys, beginning with an astronomy and astrophysics survey in 2007, it would 
be valuable to pause and consolidate the lessons learned from the most recent 
round of surveys. Government expectations remain high that the new surveys 
will be as good as or better than the older surveys for setting future priorities for 
federal investments. However, implementation problems have been encountered 
as the agencies and the scientific community try to follow the advice from the 
survey reports. These problems, which have been due to a combination of fiscal, 
technical, programmatic, and policy factors, suggest that it will be worthwhile to 
look for opportunities to continue the decades-long improvements to the NRC’s 
model for the survey process. 

One problem is related to cost and cost realism. Each survey report develops 
priorities for new space missions or ground-based facilities, which the survey 

�See http://www7.nationalacademies.org/bpa/projects_physics_2010.html.
�NRC recently completed a decadal survey for aeronautics research (NRC, Decadal Survey of Civil 

Aeronautics: Foundation for the Future, The National Academies Press, Washington, D.C., 2006), but 
that study was not discussed at the workshop.

�On more than one occasion during the workshop, government representatives referred to the 
decadal surveys as the gold standard for scientific advice to the government.
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committees consider in terms of their expected development costs. However, 
many of the highly recommended missions or facilities subsequently experienced 
substantial cost growth that has threatened the viability of the overall science 
program strategy being recommended in the survey report. Ways must be found 
for future decadal survey committees to consider cost and assess cost realism, 
technological readiness, and technology risk as they recommend new missions, 
facilities, and program strategies.

The second problem relates to how future decadal surveys will make prior-
ity lists most useful for decision makers and program officials. Some argue for a 
survey report that presents a single integrated priority list; others assert that a set 
of parallel priorities for different elements of a program is both more realistic to 
expect from an NRC committee and also more supportive of the programmatic 
flexibility that agency officials need. Furthermore, questions have been raised 
about how the agencies handle prioritized lists of recommended mission or facil-
ity investments compared with how they handle other core mission-enabling 
elements of an agency program (e.g., research grants and infrastructure). Thus, 
there is good reason to weigh the approaches that recent surveys have used so 
that future surveys treat these aspects as effectively as possible.

A third problem is how to keep surveys useful over time, as the budgetary, 
political, and programmatic landscape changes. Unforeseen changes can, and 
often do, occur as a consequence of new scientific discoveries and technological 
advances, problems with large development projects, new budgetary opportuni-
ties or constraints, and/or changes in agency missions or priorities in response to 
national policy direction. To provide useful, long-range advice about scientific 
and programmatic priorities, surveys need to be as resilient as possible in the 
face of such change.

The chapters that follow are organized according to the flow of the workshop 
agenda (see Appendix A). Chapter 2 summarizes the opening session, where five 
survey reports were discussed. Taking part as panelists were chairs of the NRC 
study committees and representatives from key federal agencies and Congress. 
Chapter 3 focuses on workshop discussions of a particularly challenging aspect of 
the surveys—namely, the treatment of cost estimates and the determination of a 
technology’s readiness to be applied in a space mission or a research facility recom-
mended by the survey report. Chapter 4 summarizes the discussions in the final two 
sessions about the kinds of assumptions that underlie decadal surveys and lessons to 
be considered as future surveys are organized. Chapters 2 and 3 conclude with a set 
of key themes or perspectives that appeared to emerge as highlights of the first two 
sessions and that were further developed in the last two sessions. These highlights 
are not intended to represent a consensus of the workshop participants, but they do 
reflect viewpoints that were mentioned repeatedly and that appeared to draw broad 
agreement among the participants in the discussions.
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Review of Recent Decadal Surveys

The opening afternoon, Session 1, of the workshop featured three panels 
moderated by Space Studies Board (SSB) chair Lennard Fisk. Panelists and 
others discussed five recent National Research Council (NRC) studies from 
three perspectives: those of the science community, federal agencies, and the 
Congress. In the Survey Committee Panel, the chairs of the committees that wrote 
Astronomy and Astrophysics in the New Millennium; Connecting Quarks with 
the Cosmos: Eleven Science Questions for the New Century; Earth Science and 
Applications from Space: National Imperatives for the Next Decade and Beyond; 
New Frontiers in the Solar System: An Integrated Exploration Strategy; and The 
Sun to the Earth—and Beyond: A Decadal Research Strategy in Solar and Space 
Physics summarized their studies from the perspective of approaches employed, 
impacts, problems, and recommendations for future surveys. An agency panel 
and a congressional panel provided opportunities for speakers from the National 
Aeronautics and Space Administration (NASA), the National Oceanic and Atmo-
spheric Administration (NOAA), the National Science Foundation (NSF), the 
Office of Science and Technology Policy (OSTP), and Congress to address the 
utility, impacts, limitations, and problems of past surveys from the perspectives 
of the key government audiences they represented.

Views of Past Committee Chairs

The first member of the Survey Committee Panel, Christopher McKee, of 
the University of California at Berkeley, provided an overview of the most recent 

�
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decadal survey for astronomy and astrophysics.� As co-chair of the survey commit-
tee that wrote the report, he said that the 15 members had been chosen to maximize 
disciplinary expertise and to reflect institutional perspectives and noted that the 
survey had drawn on the work of nine expert panels and four cross-panel work-
ing groups that involved an additional 96 participants. To obtain community-wide 
input, the survey committee held two town-hall sessions at American Astronomical 
Society (AAS) meetings plus more than 20 meetings at individual institutions, 
hosted a Web site soliciting input, and devoted a significant portion of one com-
mittee meeting to gathering views from international astronomers.

Dr. McKee said that one notable aspect of the study, which was identified as 
an important aspect in later workshop discussions, was that although it had had 
interest and funding support from two of the three major federal sponsors for 
astronomy in the United States—NASA and NSF—the Department of Energy 
(DOE) did not participate. He said that the impact of the survey report on federal 
actions was mixed. At NSF, three major recommended telescope facilities were 
all making good design progress, and NSF had acted positively on some of the 
survey’s key policy recommendations. On the other hand, the prospects for fund-
ing construction of recommended facilities at the NSF remained uncertain. Simi-
larly, some highly recommended NASA space missions were making excellent 
progress, but a larger number of other highly ranked initiatives were on hold. For 
a complete assessment of the impacts of the deferrals of recommended missions, 
see A Performance Assessment of NASA’s Astrophysics Program.�

 Dr. McKee indicated that unforeseen developments, including postsurvey 
budget constraints, cost growth in recommended missions, and the Columbia 
disaster, which delayed the refurbishment of the Hubble Space Telescope by sev-
eral years and incurred many hundreds of millions of dollars in additional costs, 
impaired NASA’s ability to act on the survey report recommendations.

In looking back at the astronomy and astrophysics survey, Dr. McKee saw 
three important lessons. First, he suggested that future surveys should be broad-
ened even more than in the past. For example, the interfaces between fundamental 
physics and cosmology (see discussion of Connecting Quarks with the Cosmos, 
below) should be integrated into the survey more fully. He also recommended 
expanded outreach efforts to include interaction with the American Physical Soci-
ety as well as the AAS and even more town meetings. Second, Dr. McKee called 
for improved cost estimates for high-priority initiatives if at all possible, along 
with a uniform approach to estimating costs for all mission and facility candi-
dates. He noted that current estimates for some major projects had reached 1.5 to 

�NRC, Astronomy and Astrophysics in the New Millennium, National Academy Press, Washington, 
D.C., 2001.

�NRC, A Performance Assessment of NASA’s Astrophysics Program, The National Academies Press, 
Washington, D.C., 2007.
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3 times the survey estimates.� Third, he emphasized that survey committees need 
to consider full life-cycle costs, including costs for both facility development and 
operations, so that useful comparisons could be made between candidates for new 
initiatives and initiatives recommended in prior surveys.

Dr. McKee concluded by offering the following recommendations for future 
assessments of astronomy and astrophysics projects:

•	 Get broad expertise on the survey committee.
•	 Continue to make the hard decisions in setting priorities.
•	 Do better on highlighting the science—Astronomy and Astrophysics for 

the New Millennium was science-based.
•	 Secure DOE support and add panels related to DOE astrophysics.
•	 Reprioritize previously recommended projects that have not started.
•	 Study operating costs of ground-based facilities, which are very long-

lived. Operating costs far exceed construction costs over the operational lifetime 
of a facility.

•	 Consider prioritizing the Explorer program, provided that launch vehicles 
are available.

•	 Be prepared to follow up for a decade. Rearrange the membership of the 
NRC Committee on Astronomy and Astrophysics to include a significant fraction 
of the survey committee. Doing so will allow changing priorities if costs increase 
greatly, but only as a last resort since this could undermine the process.

Michael Belton, of Belton Space Exploration Initiatives, LLC, astronomer 
emeritus at the National Optical Astronomy Observatories and chair of the steer-
ing committee for the solar system exploration survey, discussed experiences 
for that study. The survey report� was the product of five expert panels, which 
prepared the scientific material, and a 15-person steering committee, which drew 
on the panel inputs to create a set of integrated priorities. In addition to address-
ing NASA explicitly, the survey indirectly had recommendations for NSF and 
DOE. Community input and involvement had been ensured by means of multiple 
town-hall-style meetings that involved committee and panel members, contacts 
with relevant professional societies, and a collection of white papers solicited at 
the initiative of the AAS Division of Planetary Sciences.

In discussing the impacts of the survey on solar system exploration, Dr. Belton 
noted that members of the community seemed to be very satisfied with the out-
come and more unified as a community. He added that both NASA and the Office 

�Dr. McKee indicated that the cost of the ground-based Giant Segmented Mirror Telescope ex-
ceeded the survey committee’s estimate by a factor of 1.6, and the cost of the James Webb Space 
Telescope was roughly three times as much as the figure provided by NASA and used by the survey 
committee.

�NRC, New Frontiers in the Solar System: An Integrated Exploration Strategy, The National Acad-
emies Press, Washington, D.C., 2003.
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of Management and Budget (OMB) seemed satisfied with the results, which pro-
vided a scientific basis for a number of programmatic and budgetary decisions. 
One exception to NASA’s positive reaction was the report’s recommendation that 
NASA contribute to NSF’s support of a major ground-based telescope, the Large 
Synoptic Survey Telescope. 

Dr. Belton indicated that the survey had faced a number of problems, includ-
ing the short time available to complete the study; uncertainty surrounding the 
costs of the candidate missions and their readiness to be implemented; rapid, 
ongoing changes in NASA’s senior staff, organization, and goals; and the dif-
ficulty of coping with new political initiatives that had uncertain lifetimes (e.g., 
the introduction of lunar exploration objectives into the 2004 Vision for Space 
Exploration). However, he noted that the most damaging problem for the survey 
had been the tendency for the community, and especially NASA’s follow-up 
advisory committees, to diverge from the recommended survey goals and to 
recreate strategies in response to new scientific discoveries and inevitable new 
start problems, budgetary crises, and new political initiatives.

Dr. Belton offered the following recommendations for future surveys:

•	 Start survey preparations early, including early identification of the steer-
ing committee and preliminary mission cost assessment work at NASA labora-
tories. At least 2 years should be allocated to conducting a survey.

•	 Assure adequate funds for the survey itself and also provide support for 
peripheral technical and mission studies thought necessary by the steering com-
mittee for public outreach and for advocacy. 

•	 Because the political climate does matter, finalize the strategy of a survey 
in the first year of a new or incumbent administration. This suggests that decadal 
surveys should take place every 8 or 12 years to match the political cycles.

•	 Initiate a one-solar-system exploration survey that includes the science of 
Mars and the Moon with the rest of solar system science. This will ensure that 
resources applied to solar system exploration are used most effectively.

•	 Establish a formal follow-up connection between NASA (and possibly 
other agencies) and the NRC to ensure that proper focus is maintained on con-
temporary survey goals in light of new discoveries and personnel, budgetary, 
and political changes. Perhaps NRC might consider utilizing the survey steering 
committee on an ad hoc basis throughout the decade following a survey instead of 
disbanding it. Given the substantial community input to surveys, agencies should 
not reinvent or redefine the survey.

•	 Create explicit interfaces to the international community, the human 
spaceflight program, and the extrasolar-planet community. This is not difficult in 
principle but will require time and money.

Louis J. Lanzerotti, chair of the Solar and Space Physics Decadal Survey 
Committee and research professor at the New Jersey Institute of Technology, 



Copyright © National Academy of Sciences. All rights reserved.

Decadal Science Strategy Surveys:  Report of a Workshop
http://www.nap.edu/catalog/11894.html

REVIEW OF RECENT DECADAL SURVEYS	 13

discussed his committee’s study,� which was organized under the auspices of the 
Committee on Solar and Space Physics (CSSP) of the SSB and which had spon-
sorship from NASA, NOAA, NSF, the Air Force Office of Scientific Research, 
and the Office of Naval Research. Like its counterpart surveys summarized 
above, Dr. Lanzerotti’s survey committee held numerous town meetings and 
then integrated input from six expert panels to prepare overall recommendations 
for program goals and priorities. It differed in one important way, however, in 
that its charge included addressing relevant operational programs of NOAA, 
the Department of Defense (DOD), and DOE, as well as the basic scientific 
research programs of NASA and NSF. To facilitate attention to this aspect of the 
survey, the committee had held a special transition-to-operations workshop on 
space weather. In prioritizing new initiatives, the committee applied criteria that 
included scientific merit, contribution to national goals, technological readiness, 
adequacy of the theoretical foundation, temporal synergies with other missions 
or facilities, and cost.

Dr. Lanzerotti summarized lessons learned from The Sun to the Earth—and 
Beyond as follows:

•	 A strong chair of the survey’s oversight committee (in this case, the 
CSSP) is essential.

•	 NRC staff involvement and knowledge are essential.
•	 Because the importance of applications in this field was recognized from 

the outset, relevant agencies and outside communities (e.g., industry) were invited 
to participate.

•	 Panel reports were subjected to NRC standard review procedures to pro-
vide extra credibility.

•	 Continued follow-up by the survey’s oversight committee after survey 
delivery is critical; otherwise participants who are involved in the survey do not 
know how or if their recommendations are being acted on.

•	 Without follow-up, it will not be known for how long an individual agency 
will pay attention to the survey.

•	 Early buy-in by stakeholder agencies and their continued involvement are 
critical if the survey is to provide the most credible advice to the nation.

•	 Perhaps the greatest weakness is credible cost estimation, even when it is 
recognized as a weakness and addressed from the outset.

•	 One legacy program from Astronomy and Astrophysics in the New 
Millennium was treated, incorrectly as it turns out, by assuming it would be car-
ried out.

•	 The next survey of solar and space physics will probably need to place 
even more emphasis on addressing applications.

�NRC, The Sun to the Earth—and Beyond: A Decadal Research Strategy in Solar and Space Phys-
ics, The National Academies Press, Washington, D.C., 2003.
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Berrien Moore of the University of New Hampshire discussed another survey 
that has a strong applications element as well as fundamental science aspects—
Earth Science and Applications from Space. The survey committee, for which 
Dr. Moore served as co-chair, completed its interim report in April 2005,� but 
the final report was not ready in time for the workshop.� The survey, which had 
sponsorship from NASA, NOAA, and the U.S. Geological Survey, was organized 
around seven thematic panels and an executive committee made up of 11 at-large 
members plus the chairs of the seven panels.

Dr. Moore noted that an interim report had not been part of the original study 
plan but was added when it was seen to be critical, because, to quote the report 
(p. 2), “Today, this system of environmental satellites is at risk of collapse.” He 
added that since the interim report, the situation confronting the survey committee 
had deteriorated further owing to the major problems of cost, schedule, and scope 
affecting the DOD/NOAA/NASA National Polar Orbiting Environmental Satel-
lite System and the termination or delay of still other satellite programs at NASA. 
Other problems facing the survey committee had included the overly broad and 
open-ended charge, which was to review the status of the field; overlapping or 
ambiguous agency roles; and obtaining and verifying mission cost estimates. 
Dr. Moore also noted that the way the expert panels had been set up posed a 
challenge for the survey. By using a thematic approach (e.g., there were panels 
on weather, climate, and human health and security) instead of a more traditional 
disciplinary approach (e.g., atmospheric science, oceanography, and glaciology), 
the study risked appearing to disenfranchise some disciplines and favor others 
even if that had not been the intent of the organizers.

Even though the survey on Earth science and applications from space was not 
yet final, Dr. Moore drew on the experience of his survey committee and panels 
to offer a slate of lessons learned:

•	 “Building trust” in the community was a nontrivial task; this may not be 
an issue in the future, but it taught the survey committee a painful lesson.

•	 “Reviewing the status of the field(s)” is too open-ended an assignment; 
that aspect of the charge needs to be more carefully framed for Earth science.

•	 Agency roles need to be handled better, but how this can be done is 
problematic.

•	 Cost estimates need to come from outside the survey committee. NASA 
and the Aerospace Corporation are candidates for doing this, but whether they 
can be really independent is uncertain.

�NRC, Earth Science and Applications from Space: Urgent Needs and Opportunities to Serve the 
Nation, The National Academies Press, Washington, D.C., 2005.

�The survey committee’s final report, Earth Science and Applications from Space: National Impera-
tives for the Next Decade and Beyond, was released in prepublication form on January 15, 2007.
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•	 Given that an interim report was added to the list of tasks, the schedule 
was unrealistic.

The fifth and final speaker on behalf of recent survey studies was Michael S. 
Turner, chair of the Committee on the Physics of the Universe, professor at the 
University of Chicago, and former NSF assistant director for mathematical and 
physical sciences. The committee prepared an interim report in January 2001 and 
a full report, Connecting Quarks with the Cosmos: Eleven Science Questions for 
the New Century,� in April 2002. Neither was strictly a decadal survey, but they 
had similar impacts. Dr. Turner explained that the study dealt with science at the 
boundaries between physics and astronomy and therefore cut across both disci-
plines and across multiple agencies (DOE, NASA, and NSF). For that reason it 
was a study about exciting fundamental science (dark matter, solar neutrinos, etc.) 
that could all too easily fall through the cracks. Dr. Turner said that a key aspect 
of the study was that it framed the key science questions first and then formulated 
programmatic recommendations that were always tied to the science. 

Unlike the other classical decadal surveys, Connecting Quarks with the 
Cosmos did not produce a strictly ordered list of priorities; rather, it presented a 
strategic package of projects to achieve the science goals. The study resulted in 
a federal plan of action put together by OSTP.� Dr. Turner indicated that many 
of the report’s recommendations were receiving positive treatment and making 
progress, and that all of the recommendations were at least in the planning stages 
at all three agencies. Unfortunately, however, constrained science budgets have 
limited progress in implementing the recommendations of this study as well as all 
the other studies. He noted that the committee’s science-first approach had helped 
create an atmosphere of excitement and that the effort to foster interdisciplinary 
and interagency cooperation was bearing fruit. While Connecting Quarks with 
the Cosmos served to reinforce the astronomy and astrophysics decadal survey, 
it did add a bit of confusion because it created, in effect, a separate set of priori-
ties. Nevertheless, because the recommendations did not contradict or change the 
astronomy and astrophysics survey priorities and because it added a new dimen-
sion of scientific excitement, the net effect of the survey was positive.

Dr. Turner concluded with three lessons learned:

•	 The science-first format is well suited for discovery science.
	 —It captures the excitement of the enterprise,
	 —�It is the metric by which OSTP and OMB are now judging the dis

covery science fields,

�NRC, Connecting Quarks with the Cosmos: Eleven Science Questions for the New Century, The 
National Academies Press, Washington, D.C., 2003.

�Office of Science and Technology Policy, The Physics of the Universe: A Strategic Plan for Federal 
Research at the Intersection of Physics and Cosmology, OSTP, Washington, D.C., 2004.



Copyright © National Academy of Sciences. All rights reserved.

Decadal Science Strategy Surveys:  Report of a Workshop
http://www.nap.edu/catalog/11894.html

16	 DECADAL SCIENCE STRATEGY SURVEYS

	 —�It provides a reference point for planning, measuring progress, and 
responding to a changing fiscal climate, and 

	 —It is an effective mechanism for bridging disciplines and agencies.
•	 Interdisciplinary and interagency approaches characterize today’s science, 

and since they are not going away, they must be accommodated.
•	 Texture and a small number of recommendations are as important as 

ordered lists in a report.

Views from the federal agencies

The Panel on Agencies provided an opportunity for representatives from 
four executive branch agencies to comment on how their agencies had received 
recent survey reports. Mary Cleave, NASA’s associate administrator for sci-
ence, opened the discussion. She began by noting that the surveys had played a 
number of roles: They had facilitated NASA–community communications and 
consensus development, securing broad expertise and independence, authorita-
tively documenting recommendations, and maintaining unity among the scientific 
community and other stakeholders. She cited NASA impressions about particular 
strengths and weaknesses of the four recent reports that had been discussed by 
Drs. McKee, Belton, Lanzerotti, and Moore and also shared some NASA recom-
mendations for the future. Among the strengths of the surveys were the inclusion 
of explicit, clear priorities (or, in the case of the Earth science and applications 
interim report, issues rather than priorities) and the comprehensive coverage 
provided by the studies. Weaknesses included the surveys’ tendency to gloss over 
where to rank initiatives recommended in earlier surveys, the cost implications 
of (some) recommended missions, and relative priorities for small missions (e.g., 
Explorers) and the core research programs.

In looking toward the future, Dr. Cleave offered the following recommenda-
tions for the next decadal surveys:

•	 Focus on science questions and objectives, not specific missions. If mis-
sions are identified, NASA and the NRC should work together on approaches to 
find mission cost boundaries that fit within the budget. 

•	 Consider how objectives fit together to answer science questions.
•	 Consider how to know when an objective has been met.
•	 Provide clearer definitions of mission classes and of which missions fit 

within those classes.

In discussing the NASA presentation, workshop participants called attention 
to the fundamental conflict between having the surveys provide prioritized sets of 
key scientific objectives (which participants seemed to agree was important) and 
being able to estimate the costs of pursuing those objectives. As one participant 
put it, “How does one [put a] price [on] an objective?” The challenge of translat-
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ing a science-based survey into useful and actionable recommendations that are 
credible and realistic from the standpoint of a budget became one of the recurring 
themes of the workshop.

Judith Sunley, the NSF executive officer for mathematical and physical sci-
ences, provided comments from the perspective of the NSF. She said that the 
decadal surveys, especially their treatment of priorities, had been very valuable 
for the NSF. They help the NSF articulate the scientific arguments and gain com-
munity support for the programs and projects it is considering and help make 
trade-off choices between small and large programs. She noted her agreement 
with the science-first approach to the surveys, which had been mentioned earlier 
by Dr. Turner and others. In looking forward to future decadal surveys Dr. Sunley 
offered the following recommendations:

•	 The costing for proposed initiatives needs to be done in a reasonably 
consistent way so that the costs of current and recommended future programs or 
facilities can be compared.

•	 Cost estimates need to include full life-cycle costs, including those 
of predevelopment definition and design, construction, operations, and 
decommissioning.

•	 In addition to recommending construction of new facilities, surveys 
should be prepared to consider what existing facilities might be phased out to 
ensure robust support for new initiatives.

•	 Surveys should look for opportunities for international partnerships, which 
can help make development, construction, and operations costs more affordable 
to the United States. Workshop participants noted, and Dr. Sunley agreed, that 
the impact of international cooperation on such costs needs to be understood.

•	 Explicit considerations of programmatic roles and relationships between 
agencies and opportunities for interagency collaboration, as emphasized earlier 
by Dr. Turner, are also important.

•	 Survey committees need to be mindful of the breadth of the scientific 
communities that they are charged to represent and of inadvertently disenfran-
chising some segments of a community.

Mary Kicza, the NOAA assistant administrator for satellite and informa-
tion services, provided a NOAA perspective. She began by calling attention to 
important differences between NASA and NOAA, which survey committees 
need to recognize. The differences include the fact that NOAA’s budget is only 
about one quarter that of NASA and is increasingly earmarked, and that NOAA’s 
civil servant population is two thirds that of NASA. NOAA has a special need 
to ensure long-term continuity in its observing programs, and in a constrained 
budget environment there are fewer opportunities and less flexibility to introduce 
new directions to the program. Furthermore, NOAA’s external operational user 
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community is very broad, and interfacing with it presents a more difficult chal-
lenge than with NASA’s research missions.

Ms. Kicza said it is important to understand the difference between managing 
cost growth during mission development and relying on premature cost estimates, 
as both have presented problems for NOAA and have resulted in having to delay 
and/or downsize programs. She said that putting realistic bounds on missions 
being considered for the distant future remains a difficult challenge. Finally, 
she noted that Earth observations have to be examined in the context of a global 
system of observing systems; international roles, responsibilities, and partner-
ships provide an important contextual overlay. One aspect of this is the need to 
have international standards for instrument calibration and data validation.

The final speaker from the federal executive branch panel (Panel on Agen-
cies) was Jon Morse, senior policy analyst in the Science Division of the White 
House Office of Science and Technology Policy. Dr. Morse noted that his com-
ments would draw also on views from colleagues in the Executive Office of the 
President, especially the Office of Management and Budget. He commented on 
the beneficial aspects of decadal surveys; particular issues and concerns about the 
most recent survey reports; approaches for facilitating decision making and other 
suggestions for improvements; and considerations for making surveys realistic. 
(Key excerpts from Dr. Morse’s presentation are reproduced in Appendix C.)

Dr. Morse supported an approach that begins by framing key science ques-
tions (“science first”) for a field and then explaining what measurements and 
capabilities are needed to answer those questions. He argued that the surveys 
should recommend priorities associated with the current program and the future 
program and should define what the survey committee looks for in terms of 
program balance and the mix between small, medium, and large initiatives and 
core research. He indicated that budget analysts and decision makers at OMB pre-
ferred to see cost estimates in terms of rough, rounded-off life-cycle costs rather 
than more detailed (and often underestimated) construction costs. Dr. Morse said 
it would be especially helpful for survey reports to discuss how unforeseen pro-
grammatic, policy, or scientific circumstances might alter the priorities and what 
science could be accomplished under several different budget scenarios.

views from congress

The third and final panel of Session 1 drew views about the decadal survey 
process from one current and two former congressional staffers. William Adkins, 
president of Adkins Strategies LLC and former staff director of the House Sub-
committee on Space and Aeronautics, called the decadal surveys the gold standard 
for scientific advice. He said that while surveys should focus on the science and 
steer clear of political considerations, their timing should be sensitive to political 
milestones or changes in the organization of Congress. He also recommended that 
future surveys should characterize the level of uncertainty (“error bars”) in cost 
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estimates and technology risk, comment on whether high-priority initiatives need 
to go in a particular order, and propose priorities for different budget scenarios.

Johannes Loschnigg, the current staff director of the House Subcommittee on 
Space and Aeronautics, noted that survey reports are read closely on Capitol Hill 
and their recommendations are compared carefully with agency program plans. 
He said that the surveys are viewed as being a firm expression of community 
preferences and that a well-done survey is the best antidote for having Congress 
yield to special pleading or making arbitrary decisions about agency programs. 
He noted, however, that future surveys need to address a problem with the recom-
mendations of recent surveys—that is, their incompatibility with the resources 
that are likely to be available. Survey committees also need to state explicitly 
what they see in terms of mission size trade-offs in a balanced program.

Robert Palmer, a former staff director of the House Committee on Science, 
agreed with his colleagues that members of Congress think very highly of the 
decadal surveys because they help them do their jobs of advocating a strong U.S. 
science program. He sampled the views of other congressional staff and learned 
that they concurred on two points about decadal surveys. First, future surveys 
need to describe a healthy core program—that is, they need to state a level of 
activity and content below which an agency program should never fall. Second, 
new surveys should start afresh and not assume that legacy priorities automati-
cally apply when setting priorities for new programs.

recurring themes

Discussions among workshop participants in response to the presentations of 
the three panels drew out several recurring themes. First, all participants seemed 
to share the view that the decadal surveys are important and that they have 
positive impacts on federal agency planning and decision making and on science 
community unity. The efforts by survey committees to seek broad community 
participation and consensus building and to set explicit, science-based priorities 
were cited again and again. The survey chairs and others also often agreed about 
problem areas that need to be understood and addressed. These include obtaining 
credible cost estimates; addressing and engaging all relevant government agen-
cies rather than only one or two sponsors of major programs; reevaluating recom-
mendations from prior surveys; not overlooking small programs such as NASA 
Explorers; taking into account the portfolio mix of mission sizes in an agency’s 
program; and following up after survey reports are completed and delivered.

Various speakers also highlighted other ends that effective surveys should 
attempt to attain:

•	 Breadth in committee membership and in community input;
•	 Synchrony with agency planning processes, and maybe even with election 

cycles;
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•	 Balance between identifying broad science objectives versus providing 
specific advice about new program initiatives;

•	 Healthy core programs and attention to how they fit into the context of 
recommended new projects;

•	 Appreciation of budget realities; 
•	 Full life-cycle costs for projects;
•	 Clarity about potential biases that might be hidden in cost estimates;
•	 Advice on phasing of projects;
•	 Principles for deciding how to respond to major budgetary, programmatic, 

or political changes;
•	 Attention to the challenges intrinsic to international or interagency coop-

erative programs;
•	 Integration with complementary or overlapping surveys for other 

disciplines;
•	 Attention to applications as well as fundamental science; and
•	 Mechanisms to monitor government attention and responsiveness.

All of these points reinforce the concept of a decadal survey as a strategic 
package. That is, decadal studies need to provide the best balance of scientific 
priorities and prioritized missions (a strategic package), work with the agencies to 
understand the budgetary and political realities, and give the agencies advice and 
decision rules to help them respond to major budget, programmatic, or political 
changes, while understanding that the agencies need flexibility in implementing 
specific programs and missions. A report needs texture and creative recommen-
dations centered around key scientific questions and goals as much as it needs 
ordered lists.
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Assessing Cost and Technology Readiness

On the second day of the workshop the five panelists at Session 2 examined 
how surveys could better deal with new project costing, technology readiness, 
risk, and execution. The questions posed to the panel included these:

1.	 How does a survey committee determine the cost and risk for candidate 
missions that have not yet been fully defined?

2.	 How does it define an affordable decadal plan?
3.	 Is it feasible or reasonable to expect a survey to be stable for 10 years?
4.	 What similarities and distinctions are there between considerations for 

NSF ground-based facilities and space missions?

This panel was moderated by Tom Young (Lockheed Martin, retired), and the 
panel members were Steve Battel (Battel Engineering), John Casani (Jet Propul-
sion Laboratory), Noel Hinners (University of Colorado), Bruce Marcus (TRW, 
retired), and George Paulikas (Aerospace Corporation, retired). Following brief 
remarks by each panelist, the moderator invited all the workshop participants to 
comment on cost and technology assessment.

Mr. Young opened the session by saying it appeared from the prior day’s 
discussion there had been a bias toward unrealistically low budget estimates, and 
he asked whether a survey’s priorities might change if the survey committee had 
better cost estimates. The current process seems to support initiation of a large 
number of programs, but it fails to support the completion of many programs. 
He went on to say that if the objective is to complete projects successfully, then 
the survey committees aren’t doing the cost estimating right—too many of them 

21
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suffer later from large budget and schedule overruns. Perhaps surveys should aim 
to start fewer programs and complete most or all of them.

Panel Member Presentations and Discussion

Steve Battel started by remarking on what he thought were two key problems 
relevant to cost and technology assessments:

•	 It is very difficult to match the cost and schedule assumptions of a mission 
with an uncertain 10-year agency budget outlook.

•	 The limited opportunities to start a mission in the course of a decade, the 
competitive nature of the planning process, and very early technical assumptions 
lead to overoptimism on costs, schedule, and technical readiness and drive mis-
sion designs to be quite complicated—that is, there is often a desire to maximize 
science returns and to do things because we can rather than because they need to 
be done.

Mr. Battel mentioned that cost estimates in past decadal surveys had been 1.5 
to 4 times lower than the actual costs of a mission. He thinks that these low pre-
liminary cost estimates are due to (1) pressures from agency representatives and 
community members to adopt top-down, cost-capped approaches on missions, 
(2) inadequate investment up front to reduce technology and design risk, and 
(3) lack of discipline and tools for system evaluation and cost estimates. 

Mr. Battel also believes the sources of real cost growth in projects include 
the following: 

•	 Mission creep, changes in project management during a project, and 
unreliable funding;

•	 Course corrections or management mandates in response to other mission 
failures; 

•	 Underestimates of technical complexity and maturity;
•	 Management approaches that simply seek to avoid risk rather than to man-

age it (risk aversion management deoptimizes a project by cutting cost, capability, 
or other resources to create an artificial contingency margin);

•	 Unwillingness on the part of management to “push back” on projects that 
are in trouble (i.e., to terminate or downsize);

•	 Uniqueness of aerospace practices, loss of experienced aerospace work-
force (failure to share expertise), transition from military to less robust commer-
cial aerospace technologies, and too much simulation in place of actual testing;

•	 Fewer options for launching smaller missions; and
•	 Overcommunication and superfluous management processes (“too many 

meetings”).
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Mr. Battel thought that NASA deserved credit for establishing a pro-
cess for developing and rating technology readiness. He cited both the Space 
Interferometry Mission and the James Webb Space Telescope as missions with 
clear technology roadmaps for achieving appropriate technology readiness before 
entering development. He thinks that smaller missions (e.g., Explorer and Dis
covery) should be based on existing technology or a controlled extension of exist-
ing technology. Mr. Battel believes that decadal surveys need tools to properly 
rate mission complexity and readiness. He thinks that the most recent surveys 
in the 2000s have been impacted by the paradigm shift away from faster-better-
cheaper at NASA and by major reductions in science planning budgets. Mr. Battel 
recommended that agencies should

•	 Continue to develop and improve parametric cost and schedule models 
based on real data and realistic assumptions,

•	 Add experts to review mission costs and technology readiness,
•	 Develop mechanisms to better couple mission planning and the identifica-

tion of associated technology,
•	 Work to simplify and optimize the management of small and medium 

missions to reduce cost and development time, and
•	 Work to improve the affordability and availability of launches.

Similarly, he noted that survey committees should

•	 Require that programs are technically ready so they can be accomplished 
within a decade,

•	 Ensure that programs are properly scaled in size and have realistic cost 
numbers vetted through certified modeling processes,

•	 Provide specific guidance on mission-enabling technologies,
•	 Establish metrics and methods for creating and maintaining program 

balance, and
•	 Work with agencies to find effective advisory mechanisms for obtaining 

tactical advice from the research community.

The discussion after Mr. Battel’s presentation focused largely on how waste-
ful it is to design smaller missions with the same approaches as large missions 
and how hard it is today for universities to undertake even very small missions. 
Given current constrained agency budgets, universities can no longer afford to 
maintain the infrastructure or staff to oversee missions.

John Casani started his brief remarks by stating that knowing the scope of a 
mission is the most important aspect of reliable cost estimating—one must be as 
certain about performance requirements as about cost before initiating a project. 
He said that one will never get good cost or technology readiness estimates if 
the input information about a mission is weak or if there is a lot of uncertainty. 
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Because his focus was solar system exploration, he mentioned that uncertain-
ties about the environment in which a mission would be operating (e.g., Mars’s 
surface) were a major factor in cost uncertainty and made costs very difficult to 
characterize 10 years in advance. Dr. Casani agreed with earlier speakers that 
industry is under tremendous pressure to come in with low bids and that we do 
not spend enough time defining requirements. He recalled former NASA mission 
readiness assessment guidelines as saying that investments in Phase A (require-
ments definition) should be ~7 percent of the total project cost. Dr. Casani also 
made the following observations:

•	 International cooperation helps secure a mission but rarely saves the 
United States money, and it introduces other risks (organizational communication 
problems, schedule and technology interdependencies, and politics).

•	 One can spend a lot of money on risk management and not improve the 
mission success. Fewer mission opportunities encourage even more conserva-
tive and wasteful risk management approaches, perhaps in response to fear of 
failure.

•	 Cost modeling does not take into account different management approaches 
and will probably be helpful only for comparing mission costs rather than giving 
good estimates for a specific mission.

NASA representatives agreed that cost models are currently best suited 
for comparing mission costs. Dr. Casani believes that NASA should develop a 
standard approach to cost estimating that is independent of the approaches used 
by advocacy groups and that NASA must take the leadership in challenging bad 
cost estimates. He mentioned that some of the missions he had worked on that 
did not have overruns used a lot of fixed-price contracting and had highly capable 
engineers overseeing them. They were able to do this because they invested time 
in defining the requirements up front, did the needed system engineering, and did 
not change the contract or requirements. When asked how decadal surveys are 
going to estimate mission costs when previous missions have been as much as 
four times more expensive than originally estimated, Dr. Casani said that we must 
do a better job of realistically assessing mission complexity and the likely cost 
of attendant risk mitigation. After starting a mission, we must insist on adequate 
systems evaluation and requirements definition prior to starting development: 
Spend the money needed to better define requirements, and do not go beyond 
those requirements.

Panel member Noel Hinners focused on how surveys produce better cost and 
risk estimates for missions that are not well defined. He said it is unrealistic to 
think we can get valid cost estimates for undefined missions unless we develop 
“ridiculously unambitious” missions. He suggested that survey committees need 
to look more at mission class, their risk, and their damage potential. Table 3.1 
summarizes Dr. Hinners’s ideas on how cost overruns impact the rest of a pro-
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TABLE 3.1 Potential Cost Growth in Some Mission Classes

Mission 
Class Characteristics

Mission 
Cost 
(billion $)

30% 
Overrun
(billion $) Damage Potential

Flagship 5-10 year development 
cycle, little heritage from 
prior missions. Examples are 
Viking, Voyager, Galileo, HST.

3-5 1-1.5 One New Frontier 
or two Discovery 
or three Explorer 
missions

New 
Frontier

~5 year development cycle, 
new instrument technology. 
Examples are SIRTF, GP-B, 
Juno.

1-1.5 0.3-0.5 One Discovery 
mission or two 
Explorers

Discovery Cost-capped. PI competition 
drives innovation, financials, 
and risk. Some system 
heritage, but challenging 
instruments. 

0.5-0.7 0.15-0.20 One Explorer 
mission

Explorer Same as Discovery with 
small, colocated, experienced 
project teams. Most risk in 
instruments.

0.1-0.3 0.03-0.06 Another Explorer 
mission or all 
the research, 
data analysis, 
and technology 
development

gram’s portfolio, which he called “the mission impact food chain.” For example, 
paying for a 30 percent overrun on a multi-billion-dollar-class flagship mission 
can eliminate a New-Frontier-class mission or two Discovery-class missions or 
three Explorer-class missions. Similarly, covering the cost of a 30 percent over-
run on a billion-dollar New Frontiers mission can eliminate a Discovery mission 
or two Explorers. 

From this analysis, Dr. Hinners proposed to draw the following generalized 
conclusions:

•	 The most expensive missions pose the greatest risk of major cost overruns 
and cause the most pain—“Beware the Big Vision.”

•	 The main factor in cost risk for all mission classes is instrument develop-
ment, which tends to be inadequately assessed in the approval process.

•	 Competitively selected missions have built-in mechanisms to help restrain 
cost increases (i.e., caps).

•	 NASA flight programs are self-insured in that they have no reserve other 
than delay, cancellation, or postponement of future missions.

•	 Cost models are not that bad, but one must build only that which is actu-
ally costed at the preliminary design review (PDR).
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Dr. Hinners’s suggestions for survey cost management included these:

•	 Decadal survey plans should devote perhaps no more than 30 percent of 
their 10-year budget to a flagship mission(s).

•	 Compete the flagship missions and apply cost caps that are established 
after well-funded Phase A/B studies.

•	 Develop better capabilities for assessing the costs of new instruments and 
technology.

•	 Maintain a program reserve (~20 percent of mission cost) separate from 
the project manager’s own mission contingency budget.

In the ensuing discussion participants asked if the ability to assess cost and 
technology readiness was better or worse today than in the past. The industry is 
smaller and the infrastructure is older, but the tools are better. However, today’s 
flight mission systems are much more heavily reliant on software than in the past, 
when a spacecraft was more likely to be dominated by hardware challenges. For 
this reason, cost estimates based on traditional spacecraft system parameters such 
as mass are not as accurate today. Some participants expressed doubts about the 
ability of survey committees to produce a good estimate of flagship mission costs 
so early in their conceptual design. Furthermore, principal investigators (PIs) can 
impose some control on a small mission but not on a flagship mission. The latter 
is just too challenging, and the technology is well beyond a group of university 
PIs. Participants added that the missions driven by NASA centers seem to be 
allowed to have cost growth, but PI missions are not. Finally, participants noted 
that developing a cost-capped mission with an inexperienced project manager is 
a very risky business.

Bruce Marcus made a number of points about cost estimating and cost risk. 
He noted that a fundamental weakness with cost estimating is the subjectivity of 
judgments about complexity, technology maturity, and the like. Optimistic cost 
modeling is ever present when a program is being sold, and everyone is a player 
in this (scientists, vendors, agencies, Congress). Cost growth is closely related to 
development risk, increasing nonlinearly with the number of new technologies, 
and is very sensitive to schedule slips (especially the so-called “marching army” 
cost of keeping a mission team in place during a delay). Cost risk increases more 
rapidly than nominal cost with increasing technology development requirements 
(see Figure 3.1). He also suggested that using multiple-spacecraft platforms 
(versus larger multisensor platforms) can reduce overall mission cost risk, but 
generally at an increase in nominal costs (particularly due to launch costs). 

Dr. Marcus then applied these observations to lessons for survey committees. 
He suggested that surveys should employ the same cost model and estimators for 
all missions so one can evaluate their “relative” costs, and then select a collection 
of small (<$300 million), medium ($300-$600 million), and large (>$900 million) 
missions from a single priority list that fit into the overall survey decadal budget. 
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FIGURE 3.1  Notional illustrations of the cost probability distributions for projects having 
different levels of requirements for technology development. A project that depends on few 
new technology developments (Curve 1) will have a lower most probable cost than projects 
having more technology development requirements (Curves 2 and 3), which will have both 
higher probable costs and a significantly higher likelihood of costing much more than the 
most probable cost value. The risk of dramatic cost growth is represented by the area under 
the tail of the probability distribution. Increasing technology development requirements 
significantly increases the area under the tail even though the estimated most probable cost 
increments may be modest. SOURCE: Workshop presentation by Bruce Marcus.

P
ro

ba
bi

lit
y 

D
is

tr
ib

ut
io

n

Cost

1
2

3
Beware the Tail

3.1

Decadal surveys should prioritize missions based on science value, technology 
readiness, and benefits to society. He noted that technology readiness is very 
subjective and what is deemed to be acceptable development risk is dependent on 
mission architecture (how much is at stake). Therefore, better coupling between 
advanced mission planners and programs like NASA’s New Millennium Program 
is needed to lower technology risk for missions. Finally, Dr. Marcus noted that 
because survey committee members are mostly academicians they are mostly 
qualified to identify key science questions and scientific mission priorities. This 
means that survey committees need to also include expertise on cost modeling, 
technology development, and societal benefit.

Workshop participants noted that the Explorer and Discovery programs have 
had to solve their own cost growth problems, while flagship programs appear to 
have “a license to steal” from other programs to fix their problems. Surveys need 
to have guidelines or rules on how to deal with this. There were also questions 
about how to optimize investments based on bins of small, medium, and large 
missions. 
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George Paulikas was the final panel member for Session 2. He said that one 
never really knows which cost estimates are realistic until the time of a PDR and 
that it requires a lot of history and experience to get reasonable cost estimates 
(or to recognize if estimates are bad). He suggested that survey cost bins should 
be set at a very coarse level. He also suggested that the biggest problems are the 
following:

•	 Mission requirements creep,
•	 Excessive optimism about even modest technology development and 

underestimation of mission complexity and program management demands,
•	 Increased risk due to complexity of interagency or international 

collaboration,
•	 Software complexity in today’s modern missions,
•	 Ignoring past mistakes instead of learning from them, and
•	 Switching launch vehicles during a project.

There was much discussion about how cost models could be used in surveys. 
Most participants believe they might have limited utility or accuracy since most 
missions are far short of being ready for PDR at the time of a survey. That said, 
survey committees need to be educated consumers of cost models and need to 
have members who have cost modeling expertise. It was also suggested that sur-
vey committees should contract out at least two independent cost estimates. It was 
clear from the discussion that missions (particularly large ones) need to have the 
technology development well understood or characterized before a cost estimate 
can be reasonable. It was suggested that a flagship mission should not go forward 
if its technology is not fully understood and should be recommended only as a 
candidate for technology development until it is better understood. Participants 
also noted that cost estimates usually do not take into account other key factors 
(such as the cost of the “marching army”) if a problem introduces a significant 
delay in the development schedule. That situation demands that a large reserve 
be maintained for such problems, and that reserve should be off-limits to other 
program needs (e.g., technology development). True reserves should be a critical 
component of any mission budget and should probably be ~20 percent of the total 
mission cost estimate.

The discussion turned to whether there were also lessons to be learned with 
respect to how NSF plans and manages large, ground-based projects. Some 
participants thought that there was some commonality with space missions, 
but others saw the terrestrial construction industry as quite different from the 
aerospace industry. Furthermore, the NSF major research equipment and facility 
construction budget represents only about 5 percent of the total NSF portfolio, 
and final cost estimates for projects take a long time. The National Science Board 
signs off on these large projects after an extended definition phase, and the board 
approves projects with fixed budgets. NSF facility construction projects are also 
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separate from NSF division research budgets. Therefore, while development 
costs do not affect the research division, the long-term operational costs must be 
accounted for within the research budget.

There was considerable discussion of the cost risks associated with inter
national collaboration. NASA representatives pointed out that NASA has explored 
these risks recently and is moving toward not getting too dependent on inter
national contributions. Participants cited the contrasting examples of the Euro-
pean Space Agency’s Huygens Probe and the German propulsion system on the 
Galileo mission. The Huygens atmospheric entry probe would not have happened 
without international cooperation, but the probe was separate from the rest of the 
Galileo mission and the core mission was not dependent on it. On the other hand, 
because the German propulsion system was highly integrated into the Galileo 
spacecraft, it had an impact on the overall mission cost. Others mentioned that 
when technology development is outsourced to other countries it diminishes the 
robustness of the technology coming from our nation’s aerospace community. 
Some participants, however, reminded their colleagues that one cannot ignore 
the scientific benefits that can come from international cooperation—they are 
not solely a matter of cost.

Recurring Themes

Many participants argued that the cost estimates put forward by the most 
recent series of surveys have been surpassed by revised costs that are as much 
as four times greater. Some observers noted that these increases have extremely 
disruptive impacts on the overall survey recommendations and must be addressed. 
Participants recognized that obtaining an accurate cost estimate is not an easy task 
because most initiatives recommended by a survey report are in very preliminary 
stages of design as the survey report is being prepared.

Participants generally viewed the following as important for future survey 
committees to consider:

•	 Survey committee members having expertise in cost and technology 
readiness.

•	 Use of uniform, independent costing approaches so that costs can be 
cross-compared. 

•	  Recognition that early cost estimates are better for comparing mission 
costs than for providing accuracy (since most missions are far short of being 
ready for a PDR). 

•	 Use of cost bins or ranges rather than specific costs.
•	 Survey recommendations that provide guidance on risk mitigation via 

investment in mission-enabling technologies and by moving forward on less 
complex missions.

•	 More time invested in defining mission requirements.
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•	 Appreciation of the need to have the technology well understood or char-
acterized before cost estimates for the initiatives (particularly large ones) can be 
reasonable. It was suggested that a flagship mission should not go forward if its 
technology development is not fully understood and should be recommended only 
as a candidate for technology development until it is better understood. 

•	 Establishment of metrics for creating and maintaining a balanced set of 
large, medium, small, and core research and technology programs in a survey. A 
flagship program with cost increases can have a substantial impact on a survey, so 
agencies should seek advice on how to maintain a survey’s programmatic balance 
if the flagship project’s cost exceeds a certain threshold.

•	 Consideration of incorporating competitively selected projects as much as 
possible. 

•	 Recognition that instrument development can trigger cost risk and that a 
program to reduce risk on instruments is important.

•	 Prioritization criteria for new initiatives that look at science value, tech-
nology readiness, and benefits to society.

•	 Recognition that interagency and international collaboration can substan-
tially increase risk.

Participants also said that funding agencies rather than survey committees 
should consider the following things:

•	 Continued development of parametric cost and schedule models, includ-
ing models taking into account that, today, software has an impact on cost and 
schedule that is greater than that of spacecraft mass.

•	 Simplifying and optimizing management processes on small and medium 
missions to cut cost and development time. Designing smaller missions under the 
same management constraints as large missions is viewed as inappropriate and 
wasteful.

•	 Maintaining a reserve (equivalent to ~20 percent of the mission cost) 
separate from the mission budget. 

•	 Holding NASA center missions to the same cost growth criteria as PI-led 
missions.
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Lessons Learned and Implications for the 
Next Decadal Surveys

The afternoon session on November 15 (Session 3) was devoted to the 
assumptions on which decadal surveys have been or should be based, and the 
final session on the morning of November 16 (Session 4) featured lessons learned 
from the preceding workshop sessions and how they might be incorporated into 
future surveys. (See Appendix A for a detailed agenda and lists of panelists.) 
Speakers said their observations reflected not only their own opinions but also 
the views of colleagues in their respective research communities. For example, 
Megan Urry noted that the NRC Committee on Astronomy and Astrophysics, 
which she formerly co-chaired, had devoted more than a year to gathering input 
from other relevant committees, experts, and agency representatives and from 
other sources and had used those perspectives to draft a white paper concerning 
the next astronomy and astrophysics survey. The last two sessions reinforced and 
elaborated on points that had been introduced in the first two workshop sessions, 
and their highlights are presented below.

sustaining the Overall Value of surveys

All workshop participants appeared to share the view that these surveys con-
tinue to be important to their respective communities and to those who use them 
to make programmatic, policy, and budget decisions. Not doing decadal surveys 
was not viewed as an option, for without these surveys there would be no way to 
maintain community coherence on priorities. In short, the alternative would be 
lots of parochial lobbying for individual programs. Several agency representatives 
mentioned that they get plenty of conflicting advice, so having a stable, long-term 
perspective in the form of a decadal survey is very important for their planning. 

31
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The discussions indicated that future surveys should perform functions that 
have been important in the past—namely, they should (1) reflect broad com-
munity consensus; (2) present ranked priorities; (3) integrate all aspects of a 
research program, including measurements, theory, data analysis, technology 
development, training, and so on; (4) demonstrate the field’s benefits to society; 
and (5) include plans to market the survey to users.

The discussions identified four important audiences for survey reports:

•	 Practitioners in the research community, who expect fairness, wisdom, 
and advocacy;

•	 Students, who expect to see a big picture of the field and how the 
pieces fit;

•	 Federal agencies, which expect direction and judicious advocacy; and
•	 OMB and Congress, which expect unambiguous rankings. 

Speakers asserted that it is at least as important for policy makers in senior 
offices of the executive branch (i.e., OSTP and OMB) to understand the consensus 
within the community (as embodied in a survey report) as it is for the federal 
agencies themselves to understand. Furthermore, participants argued that is very 
important that members of Congress and their staff be fully aware of survey 
results and have a chance to question survey committee members freely and 
directly, because the best communicators and advocates for the surveys are really 
the community members themselves.

Participants noted that strong community ownership of a survey is a key 
to success. Such ownership is possible only if community members, including 
emerging leaders who will be important players in succeeding decades, have 
had ample chance to provide input and give guidance to the survey panels. In 
his comments, workshop panel member Joseph Burns applied his experience as 
chair of the 1994 Committee on Planetary and Lunar Exploration to the challenge 
of building broad community support and acceptance. Insisting that solidarity is 
essential, he suggested that the way to build (and communicate) that solidarity is 
(1) to utilize large survey panels, which engage more people who then become 
agents for the survey; (2) to invite white papers, which engages the entire commu-
nity; (3) to organize community forums where people can offer views in person; 
(4) to use Internet tools effectively; and (5) to have an active outreach program 
after the study is complete. By the same token, issuing decrees from on high, 
publicizing the outcome, and then ignoring feedback would result in failure to 
secure community buy-in.

In response to questions about ensuring independence and objectivity in the 
survey process, participants tended to accept that absolute independence and 
objectivity are generally not possible on survey panels. They argued that the goal 
should be to have people on panels who are highly engaged and passionately 
interested in the programs, and that the best that one can do is to balance vested 
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interests. Surveys probably always will involve some trade-offs and even some 
obvious advocacy, so the NRC and the survey committees need mechanisms 
to keep aspects of advocacy in check. An effective way to do this, some noted, 
would be to have a portion of the survey committee’s membership come from 
outside the discipline community—they would be experts who could look at the 
committee’s conclusions dispassionately.

Survey Design, Structure, and Timing

Surveys require a lot of work, and there seemed to be general agreement 
among the workshop participants that roughly 2 years are needed to complete 
a survey and to ensure community coherence on recommendations. Participants 
commented on the need for the survey charge to be clear and focused and to 
avoid open-ended tasks. Surveys also need to be comprehensive (e.g., astronomy 
surveys should include both ground- and space-based efforts and should span the 
interests of NASA, NSF, and DOE). The survey charge needs to be fully vetted at 
the outset to ensure community and agencies buy-in and to avoid later delays. The 
surveys need to reflect the possibility that the recommendations may impact the 
programs of agencies other than the survey sponsors, and the survey committees 
will have to think carefully about that.

Participants noted that the survey committee membership must adequately 
represent the scientific field, but it also should include other experts in areas 
beyond the science (e.g., in hardware development, program and project man-
agement, systems engineering and operations, cost estimation, and policy). Most 
surveys have used panels to explore subfields, and that approach was widely 
accepted by workshop participants, who also noted that panel structure is what 
enables cross-prioritization, something that some fields have had trouble doing. 
Finally, some participants emphasized that different fields all have unique aspects 
that a survey’s design needs to accommodate; a one-size-fits-all approach would 
not be sensible.

Many participants seemed to feel 10 years is probably the right time interval 
between surveys. Some suggested that there is value in synchronizing surveys 
with other key planning activities. For example, agency roadmaps and strategic 
plans tend to be revised every 3 years and to look out over about 10 years. Hence, 
decadal surveys can be most useful if they also look out over a decade and if they 
are available when agencies begin a cycle of roadmapping and strategic planning. 
Agency roadmapping and implementation planning are likely to be done more 
frequently than the surveys, but there needs to be a way to keep the agency plans 
consonant with the survey’s strategic priorities.

Providing clear and convincing advice to multiple agencies was noted as 
being especially challenging for a survey. As one workshop speaker put it with 
tongue in cheek: “Asymmetries in agency sizes and budgets can promote fear, 
loathing, and jealousy.” A survey needs, therefore, to identify the right role for 
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each agency and to tailor advice to each agency’s culture. Many appeared to agree 
that if surveys can rise to that challenge then they have great potential to promote 
efficiency in science programs and even better interagency cooperation.

Priorities, Queuing, Balance, and Portfolio Mix

Workshop panelists noted that surveys should lead with the science. Every 
survey report needs a compelling exposition of the science: where progress in the 
field stands, where the field hopes to go, and how and why the science is excit-
ing. They recognized how hard it is to market science and how more emphasis 
needs to be placed on science advocacy. Scientific communities clearly need to 
make a better public argument for their science, and the surveys are a good way 
to do this.

The deliverables from a research program cannot be just another set of inter-
esting questions for scientists to ponder. Thus, while surveys must stay focused 
on the best science, the recommended programs or missions can still contribute 
substantially to economic and societal applications. Participants argued that good 
science underpins sound applications, and surveys have a duty to spell out clearly 
how important applications can be drawn from basic science missions and pro-
grams. They also seemed to accept that for disciplines such as the Earth sciences, 
applications are the central motivating goals of the field. Applications tend to be 
interdisciplinary by nature, they said, pushing the envelope of science and forcing 
a look at the entire system being studied, and they do produce something useful 
(beyond journal articles). Thus, speakers proposed that a decadal survey’s broad 
science questions be articulated in a way that is comprehensible and appealing 
to the public and that, among other things, explains why taxpayer money should 
be invested in an effort.

Participants fully agreed with the need to establish priorities in the surveys, 
but there was a range of opinions about exactly how to do that. Most of the dis-
cussion was focused on what would be most useful for the agencies—that is, it 
asked which of the following a survey should aim to present:

•	 A single integrated priority list or parallel lists for projects of different 
size or scope.

•	 Lists of specific initiatives or lists of priority science objectives.
•	 Recommendations for specific project queues or delegation of queuing to 

the agencies.

Some participants noted that agencies are in a better position to decide on the 
queuing of projects than are the survey committees. Several agency representa-
tives mentioned that in today’s funding-strapped world, something will probably 
have to be given up before something new is started, and they encouraged the 
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surveys to look at this issue of triage. That is particularly true because operational 
costs are now commensurate with development costs for many projects.

Most participants appeared to share the view that surveys should be as 
broadly inclusive as possible. That is, all elements of the discipline should be 
evaluated and ranked in the survey, and all aspects of the discipline’s program, 
from smallest to largest and from major missions and facilities to core research 
infrastructure, should be placed into scientific and programmatic context and their 
roles should be made clear to government decision makers and the public. The 
failure of some recent decadal surveys to explicitly endorse the Explorer program 
and to include it in priority rankings was cited as an example of how devastat-
ing the consequences could be when such program elements are assumed to be 
sacrosanct and are not treated explicitly. In the Earth sciences, the recent dramatic 
de-scoping of the National Polar-orbiting Operational Environmental Satellite 
System (NPOESS), which had once been the principal platform for obtaining 
climate data from space, was cited as another case where unquestioned assump-
tions led to major headaches and reassessments for a survey committee.

Similarly, most participants appeared to agree that a priority recommended 
by an earlier survey that had not been initiated by the time of a new survey should 
be considered explicitly and reevaluated. If, however, a legacy project has started 
up and continues to have high merit, it should be fully carried out. But priori-
ties can change over a 5- to 10-year period, so that if a legacy project has lost 
relevance or been superseded it should not be allowed to block progress on more 
important efforts.

Participants also noted that there is value in discussing the synergies between 
different missions or initiatives that are recommended; queuing and the relative 
phasing of recommended missions; and the benefits, if any, of conducting par-
ticular missions simultaneously, both within a given field and between related 
fields. 

It was clear from the discussion that participants believed the surveys should 
consider the balance between small, medium, and large projects and the port-
folio mix of missions and mission-enabling elements of a comprehensive pro-
gram—that is, what it takes to do a complete project: a mission, its data analysis, 
technology development, training, and theory. Participants emphasized that all 
recommended priorities and portfolio mixes should be driven by, and traceable 
to, science priorities. A number of speakers noted that larger projects cannot be 
accomplished without key supporting research and technology efforts. 

There were differing views about how surveys should characterize project 
balance. For example, should a survey recommend a specific mix, such as 60 per-
cent large, 30 percent medium, and 10 percent small projects? To some, such 
levels would be arbitrary and difficult to defend. To others, they establish metrics 
for needed balance and can be used to review whether project cost growth is sig-
nificantly impacting portfolio balance. There appeared to be considerable interest 
in having surveys set forth decision rules (principles by which departures from 
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survey recommendations could be decided or implementation decisions could be 
guided) that allow agencies to cope with exigencies that might threaten program 
balance. Participants did note that the ability to have a balanced portfolio varies 
by agency, with some suggesting that NASA is now more focused on human 
spaceflight than on science. 

There was an extended discussion about the fact that the human explora-
tion of space is now a major national goal. Some participants argued that human 
spaceflight should not be ignored in future decadal surveys. Human spaceflight 
is relevant in some fields—for example, planetary science and solar and space 
physics—specifically from the standpoint of how research in those fields will 
enable future human exploration missions. There are cases, most notably the 
Hubble Space Telescope, where human spaceflight has served to directly expand 
the scientific capability of a science mission. Human space exploration missions 
might even enable entirely new research. 

Two views were expressed. Some participants were concerned about the 
field-of-dreams approach, whereby if human exploration goes forward people 
will feel compelled to gravitate toward those programs to use them as research 
opportunities. These concerns recall the rueful experience of the scientific com-
munity when NASA promised abundant research opportunities from the space 
shuttle and the International Space Station. Other participants argued that while 
the scientific opportunities that might accompany human spaceflight should not 
be ignored, they should be considered from a science-first perspective. That is, 
science that is enabled by human spaceflight should be prioritized along with 
other science and against the same criteria, not given higher priority simply 
because it is aligned with current NASA policy.

 There was also a sense that science to enable human space exploration is 
an appropriate topic for future decadal surveys but that in those cases the science 
and the applications should be treated separately and priorities for the human 
spaceflight exploration applications and for fundamental science should not be 
intermixed.

Resilience, Execution, Technology Readiness, and Risk

The panelists and other participants discussed at length (1) how to make 
surveys more resilient to future (scientific, technical, programmatic, or political) 
changes, (2) how much survey recommendations should push the likely program-
matic, technological, and budget limits, and (3) how to assess the feasibility of a 
project and its difficulty of execution. Recent dramatic changes in agency plan-
ning environments bring a basic instability to the system that cannot be elimi-
nated but that must be managed. One thing is predictable: Changes will occur. 
Participants cited changing political agendas (the announcement of the Vision for 
Space Exploration), apparent changes in agency priorities (removal of “protect 
the home planet” from the NASA mission statement), budget pressures, technical 
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challenges (restructuring of NPOESS), unanticipated disasters (Columbia acci-
dent and Hurricane Katrina), and unanticipated scientific results (e.g., discovery 
of the ozone hole, compelling evidence for dark energy). Past surveys have had to 
deal with issues such as these but lacked robust ways to address them. Therefore, 
many participants agreed that a balanced portfolio of missions provides resilience 
so long as there are some decision rules included in the survey on what to do if 
missions get in trouble or if there are radical shifts in budgets or politics. It may 
be difficult to predict what these decision rules should include so far in advance, 
but it was clear from the discussions that participants believed having them would 
help keep a survey flexible in the face of change. 

Many participants argued that including competitively selected, smaller mis-
sions (e.g., Explorer, Discovery, and Earth Probe missions) also makes the sur-
veys resilient. Small missions are of strategic value because they can respond 
more quickly to new discoveries or changes in available resources, contribute to 
a higher mission launch rate, accept more technological risk, provide an effec-
tive vehicle for training students and new engineers and scientists about space 
project design and management, and facilitate testing and demonstration of new 
technologies. Participants also agreed that insisting on sufficient technology 
development and mission planning can substantially improve the resiliency of 
future surveys and ensure that immature mission concepts are avoided. They also 
seemed to agree that it is quite unlikely that a new large mission would arise ab 
initio and be ready for initiation in the 2 years it takes to carry out a survey.

Speakers also noted that it is worth working with survey sponsors and 
affected agencies to get the best sense of realistic budget and policy environments 
(i.e., the likely funding wedge) during the period when the survey recommenda-
tions are to be implemented. That said, many thought that better cost estimating 
was more important than a better planning wedge, since projected budget wedges 
come and go so quickly in the annual federal budgeting process. This will require 
effective communication during the survey period, which is important for ensur-
ing strong partnership between the survey committee and various stakeholders 
(e.g., agencies and Congress). 

There were different views about providing multiple budget scenarios as 
a means of building resiliency into the surveys. Some participants thought that 
including multiple scenarios was a good idea, but others suspected that the low-
est cost alternative would tend to be selected, thereby undermining the broad 
scientific reach of a survey. 

Most participants seemed to feel that because decadal surveys should be 
held in high regard, they should not (“like the Constitution”) be revised arbi-
trarily, largely because of the arduous and balanced process of getting broad 
community buy-in on their recommendations. However, some participants said 
that surely there can come a point in time when cost growth or policy changes 
warrant revisiting the survey. Such a trigger point should be built into a survey 
if possible. Speakers cited examples such as a flagship mission’s cost growth or 
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a major event like a space shuttle accident or the deletion of climate observation 
from NPOESS, any of which could be viewed as destroying the balance of the 
overall program recommended by a survey. It was pointed out that seldom is there 
a specific trigger—it is more likely to be a slippery slope that leads to big change 
(e.g., the JWST project had spent more than $1.2 billion before a good PDR cost 
estimate could be obtained). 

Some past survey chairs said that NASA’s internal roadmapping activities or 
advisory committees had deviated from survey priorities and intent and that there 
should be a mechanism to follow up on an agency’s execution of a survey. Many 
participants voiced strong support for keeping survey committees together for the 
10-year life of a survey so they can monitor implementation of the survey’s rec-
ommendations and participate in any needed revisions. They noted that standing 
oversight committees (e.g., the Committee on Astronomy and Astrophysics and 
the Committee on Earth Studies) should be able to address specific issues that 
arise between surveys. Most of the agency representatives strongly agreed with 
the need for decision rules and trigger points in surveys.

Cost Estimates

The session panelists and other participants discussed how surveys should 
handle cost estimates and who should prepare them. A clear message was that 
cost-estimating problems are plaguing every agency (e.g., NASA, DOD, NOAA, 
and NSF) and that the quality of these estimates depends on project design 
maturity and size. One speaker noted that there is a “conspiracy of optimism” 
to get new initiatives into the queue but that priorities need to be matched with 
technological readiness and mature cost estimates. The impacts of poor cost esti-
mates included loss of balance in project sizes and support for the core research 
program, limited capacity to accomplish survey recommendations, and loss of 
scientifically important overlap of mission phases. 

While growth in the JWST cost estimates was seen as having crowded out 
other important investments, the mission is still seen as holding great scientific 
promise and supporting a healthy research and data analysis program. Some par-
ticipants asked whether the community would have supported JWST at the time 
of the 2000 decadal survey if it had suspected the potential for cost growth and 
the likely current budget environment. How can a survey committee foresee such 
an outcome? A NASA representative said that the 2000 survey had not helped 
NASA evaluate the opportunity cost of the JWST when it started to overrun its 
budget significantly, nor did it provide guidance on whether there should be a 
point in JWST costs beyond which its priority should change vis-à-vis the other 
astronomy program elements.

Many participants noted that it is unlikely that one can get credible cost 
estimates until a PDR is completed. This poses a dilemma, because most projects 
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that are considered in a decadal survey are far from the PDR stage. Indeed, they 
are more likely to be mission concepts than defined missions at that time. Some 
speakers suggested that the surveys should either insist on better cost estimates or 
set objectives and define cost caps tied to a level of effort determined by science 
priorities. Getting better estimates requires that a mission be well defined, which 
can be very time consuming to achieve. Setting objectives and cost caps is more 
feasible and provides agencies with mission design flexibility. 

Independent cost estimates, it was agreed, would add value to surveys, and 
having a cost uncertainty index would help define risk of cost growth. Cost esti-
mates tend to be treated as gospel truth and surveys need to be very careful with 
them. Indeed, cost ranges are preferred if there are doubts. NASA and NSF rep-
resentatives said that life-cycle costs are clearly becoming more important these 
days and must be considered by a survey if possible. Several agency representa-
tives added that while the survey committees do not need to be project managers, 
they do need to help establish the scope of missions and provide rough guidance 
on what to do if there are problems. Uniform cost-estimating tools should be 
used within a survey so as to facilitate cost comparisons between initiatives, and 
uncertainties should be identified wherever possible (i.e., estimate confidence 
levels and ranges rather than specific costs).

Interagency Collaboration

Panel members were asked to consider how interagency plans, missions, and 
mission opportunities should be treated in decadal surveys. There were many 
examples of interagency projects that became very problematic in surveys. Most 
notably, while both NASA and NOAA support climate observations on NPOESS, 
NPOESS is strongly driven by DOD, which has a compelling interest in short-
term meteorology but relatively little interest in climate change research. Some-
times important agencies have not even been part of the survey sponsorship—for 
example, DOE was not a sponsor of the astronomy and astrophysics survey in 
2000. There was also much discussion about the disconnect between NASA and 
NOAA: The former focuses on research, the latter on observational monitoring. 
Yet, speakers noted that NOAA cannot really perform its observational mission 
without NASA research, and NASA either has failed to see the value of long-term 
monitoring for science or has double standards, in that HST, which is a pure sci-
ence mission, has monitored the skies for more than 16 years. There are no clear 
lines between research and operations for either NASA or NOAA. 

International Collaboration

Participants suggested that international collaboration is good and that many 
missions have been enabled or enhanced by international participation. However, 
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they also suggested that the management complications that occur in such col-
laborations might limit any cost savings, as might the extra demands arising from 
International Traffic in Arms Regulations restrictions, visa restrictions, interna-
tional coordination, and differences in the way that different foreign agencies 
make plans and budget commitments. Speakers cited the need to avoid duplicat-
ing or competing with foreign missions, and they noted that international partici-
pation might help stabilize a program (because, for example, an agency would 
be reluctant to drop a project with international partners). 
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Workshop Agenda

TUESDAY, NOVEMBER 14, 2006

Workshop Session 1 (Moderator: Lennard Fisk)

1:15 pm	 Opening remarks—Lennard Fisk

 	 •	 Welcome, background, and objectives and structure of the workshop

1:30 pm	 Retrospective summaries of the five recent surveys by representatives 
of the survey committees—survey approaches, notable successes and 
difficulties 

	 Survey Committee Panel

	 Astronomy and Astrophysics—Christopher McKee
	 Solar System Exploration—Michael Belton 
	 Solar and Space Physics—Louis Lanzerotti 
	 Earth Science and Applications from Space—Berrien Moore 
	 Connecting Quarks and the Cosmos—Michael Turner 

	 Panelists summarize

	 •	 How the survey was organized,
	 •	 Means and extent of community involvement,
 	 • 	 Sources of input,
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	 • 	 Agencies addressed by the survey,
	 • 	 Impacts,
 	 • 	 Problems, and
 	 • 	 Approaches recommended for future surveys.

3:50 pm	 Client perspectives on past surveys—views from agencies and 
Congress

	 Panel on Agencies

	 NASA—Mary Cleave 
	 NSF—Judith Sunley (via video conferencing)
	 NOAA—Mary Kicza 
	 OSTP—Jon Morse 

	 Panel on Congress 

	 William Adkins
	 Johannes Loschnigg
	 Robert Palmer

	 Panelists discuss views about past surveys with respect to the follow-
ing attributes:

	 • 	 Utility,
 	 • 	 Impacts,
 	 • 	 Limitations, and
 	 • 	 Problems.

5:30 pm	 Adjourn

WEDNESDAY, NOVEMBER 15, 2006

Workshop Session 2 (Moderator: Tom Young)

8:30 am	 How can surveys deal with costing, technology readiness and risk, 
and executability? Panelists give perspectives from NASA, industry, 
and the science community.

	 Cost and Technology Assessment Panel

	 Steven Battel 
	 John Casani 
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	 Noel Hinners 
	 Bruce Marcus 
	 George Paulikas 

	 Panelists comment on issues and potential future approaches in deal-
ing with the following:

 	 • 	 How does a survey committee determine the level of cost and risk 
for candidate missions that have not yet been fully defined?

 	 • 	 How does a committee define an affordable decadal plan?
 	 • 	 Can a decadal survey be stable for 10 years?
 	 • 	 What similarities and distinctions are there between planning for 

NSF ground-based facilities and space missions?
 
	 General discussion

Noon	 Lunch

Workshop Session 3 (Moderator: Jacqueline Hewitt)

1:15 pm	 Basic assumptions underlying surveys

	 Panel

	 Daniel Baker 
	 Joseph Burns 
	 Megan Urry 
	 Warren Washington 

	 Panelists comment on issues and potential future approaches in deal-
ing with the following:

 	 • 	 Sacrosanct programs. Should certain programs be taken off the table 
for discussion in a survey? What kinds and why or why not?

 	 • 	 Legacy projects. How should surveys deal with priorities from 
prior surveys?

 	 • 	 Time horizon(s). Is a decade too short or too long? What are appro-
priate timescales for consideration?

 	 • 	 Community buy-in. How much and what kind of community buy‑in 
should be expected? How should it be obtained? How should it be 
communicated?

 	 • 	 Stakeholder expectations. Who are the audiences for the surveys, 
and what do they (or should they) expect of a survey?
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 	 • 	 Science vs. applications. Are the considerations for science differ-
ent from those for applications?

 	 • 	 Advice to multiple agencies. Are there special considerations for 
dealing with multiple agencies?

	 • 	 The meaning of independence, objectivity, and ownership. How 
should surveys deal with independence and objectivity in the face 
of vested interests, advocacy, and horse trading?

	 General discussion 

THURSDAY, NOVEMBER 16, 2006

Workshop Session 4 (Moderator: Ed Stone)

8:30 am	 Lessons learned and implications for next surveys. Consideration of 
the following:

 	 • 	 Resilience. How can surveys be resilient in the face of likely but 
unpredictable (scientific, technical, programmatic, or political) 
developments? 

 	 • 	 Queuing. Should surveys recommend specific mission queues or 
should queuing be left to agency decision makers? Under what 
conditions is one approach preferred over another?

 	 • 	 Balance. How should surveys treat priorities for missions vs. 
priorities for a mix of mission sizes?

 	 • 	 Costing. How, and how explicitly, should surveys handle costs? 
What factors should be considered? Where should cost data come 
from?

 	 • 	 Technology readiness and risk. How, and how explicitly, should 
surveys handle technology readiness and risk?

	 • 	 Executability and realism. How can surveys be as realistic as 
possible about feasibility and executability? How much should 
recommendations push the programmatic, technological, and 
budget envelopes? Should there be multiple budget scenarios?

 	 • 	 Priorities. Should or can surveys produce single integrated prior-
ity lists, or are parallel lists more reasonable and useful? Should 
surveys prioritize only science or both science and missions?

 	 • 	 Portfolio mix. How, and how explicitly, should surveys handle 
portfolio balance? Should all elements of a program and their 
relative sizes be scrutinized by surveys?

 	 • 	 Timing. How often should surveys be conducted? How long should 
they take, and can they be accelerated? When do we know the time 
has come to start a new survey?
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 	 • 	 International perspectives. How should international plans, 
missions, and mission opportunities be treated in surveys?

	 • 	 Committees and staffing. What are key considerations for con-
stituting a survey committee and staff? What are provisions for 
ensuring expertise, independence, community and agency buy-in, 
and efficiency?

	 Synthesis Panel

	 Spiro Antiochos
	 Charles Bennett
	 Judith Curry
	 Laurie Leshin
	 Government representatives

11:00 am	 Summary synthesis presentation (Stone)

Noon	 Workshop adjourns 
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Participant Biographies

LENNARD A. FISK, Chair, is the Thomas M. Donahue Distinguished Uni-
versity Professor of Space Science in the Department of Atmospheric, Oceanic, 
and Space Sciences at the University of Michigan. He is an active researcher in 
both theoretical and experimental studies of the solar atmosphere and its expan-
sion into space to form the heliosphere. From 1987 to 1993, Dr. Fisk was the 
associate administrator for space science and applications and chief scientist 
of NASA. From 1977 to 1987, Dr. Fisk served as professor of physics and vice 
president for research and financial affairs at the University of New Hampshire. 
He is a member of the board of directors of the Orbital Sciences Corporation and 
co-founder of the Michigan Aerospace Corporation. He is currently chair of the 
Space Studies Board.

A. THOMAS YOUNG, Vice Chair, is retired executive vice president of 
Lockheed Martin. Mr. Young previously was president and chief operating officer 
of Martin Marietta Corp. Prior to joining industry, Mr. Young worked for 21 years 
at NASA, where he directed the Goddard Space Flight Center, was deputy direc-
tor of the Ames Research Center, and directed the Planetary Program in the Office 
of Space Science at NASA headquarters. Mr. Young received high acclaim for 
his technical leadership in organizing and directing national space and defense 
programs, especially the Viking program. He is currently vice chair of the Space 
Studies Board, and he served on the recent decadal survey steering committee 
for solar system exploration.

JACK D. FELLOWS, workshop rapporteur, is vice president for corporate 
affairs at the University Corporation for Atmospheric Research (UCAR) and 
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the director of UCAR’s Office of Programs. Before joining UCAR in 1997 he 
spent 13 years at the Office of Management and Budget overseeing budget and 
policy issues related to NASA, the National Science Foundation, and federal-
government-wide R&D programs. In 1984, he spent a year in the U.S. Congress 
as the American Geophysical Union’s (AGU’s) Congressional Science Fellow. 
He is a member of the Space Studies Board.

JOSEPH K. ALEXANDER, workshop study director, is a senior staff officer 
with the Space Studies Board, where he served as director from 1998 to 2005. 
He earlier was deputy assistant administrator for science in the Environmental 
Protection Agency Office of Research and Development, associate director of 
space sciences at NASA Goddard Space Flight Center, and assistant associate 
administrator for space sciences and applications in the NASA Office of Space 
Science and Applications. Other positions included deputy NASA chief scientist 
and senior policy analyst at the White House Office of Science and Technology 
Policy. Mr. Alexander’s own research work has been in radioastronomy and space 
physics. 

William B. Adkins is president of Adkins Strategies, a Washington, D.C., 
space and defense consulting and government relations firm. He is a former staff 
director of the Subcommittee on Space and Aeronautics of the House Science 
Committee. Prior to joining the subcommittee, he was a legislative assistant and 
national security fellow in the U.S. Senate for Senator Spencer Abraham where 
he handled national security, military, and space policy issues. Mr. Adkins has 
also worked at the Naval Research Laboratory and the National Reconnaissance 
Office. 

MARC S. ALLEN is senior scientist for physics and astronomy in NASA’s 
Science Mission Directorate, and he currently leads the policy and plans group 
within the directorate’s Management and Policy Division. He served formerly as 
assistant associate administrator (strategy, policy, and international) within the 
directorate. Before coming to NASA in late 1997, he served for 7 years as director 
of the Space Studies Board. Previously, he held management positions at CTA 
Incorporated and Computer Sciences Corporation, working at NASA’s Langley 
Research Center and Goddard Space Flight Center. His first career was research 
in solar physics and stellar spectroscopy.

SPIRO K. ANTIOCHOS, an astrophysicist, is head of the Solar Theory Sec-
tion, Space Science Division at the Naval Research Laboratory, and adjunct 
professor, Department of Atmospheric, Oceanic, and Space Sciences, University 
of Michigan. His areas of expertise include theoretical solar physics, plasma 
physics, and computational physics. He served as chair of the Solar Physics 
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Division, American Astronomical Society (AAS) (1991-1993), and he is now a 
member of the Space Studies Board.

DANIEL N. BAKER is director of the Laboratory for Atmospheric and Space 
Physics, a professor of astrophysical and planetary sciences, director of the Center 
for Limb Atmospheric Sounding, and a member of the Center for Integrated 
Plasma Studies, all at the University of Colorado. His primary research interest 
is the study of plasma physical and energetic particle phenomena in the planetary 
magnetospheres and in Earth’s magnetosphere. Dr. Baker joined the physics 
research staff at Los Alamos National Laboratory, became leader of the Space 
Plasma Physics Group in 1981, and from 1987 to 1994, he was chief of the Labo-
ratory for Extraterrestrial Physics at NASA Goddard Space Flight Center. He is a 
member of the Space Studies Board and he served on the recent decadal survey 
committee for solar and space physics.

STEVEN J. BATTEL is president of Battel Engineering, which provides engi-
neering, development, and review services to NASA, Department of Defense, and 
academic and industrial clients. He was a member of the Hubble Space Telescope 
external readiness review team for SM-2, SM-3A, and SM-3B, the AXAF/Chandra 
independent assessment team, the TDRS-H/I/J independent review team, the Mars 
Polar Lander failure review board, and the JPL Genesis failure review board, and 
he has served on review teams for many other space missions. He has worked as 
an engineer, researcher, and manager at the University of Michigan, the Lockheed 
Palo Alto Research Laboratory, the University of California, Berkeley, and the 
University of Arizona Lunar and Planetary Laboratory prior to becoming president 
of Battel Engineering. He is a member of the Space Studies Board.

CLAUDETTE K. BAYLOR-FLEMING is the administrative assistant to the 
director of the Space Studies Board. She came to the NRC in 1988, working first 
as senior secretary for the Institute of Medicine’s Division of Health Sciences 
Policy and then the Board on Global Change, where she spent 7 years as the 
administrative/financial assistant. Ms. Baylor-Fleming has completed certificate 
programs at the Catholic University of America in Web technologies and at 
Trinity College Washington in information technology applications. 

RICHARD BEHNKE is head of the National Science Foundation’s (NSF’s) 
upper atmosphere research section, which funds aeronomic, ionospheric, magne-
tospheric, and solar research. He is co-chair of the Committee for Space Weather, 
which directs the National Space Weather Program. Prior to coming to NSF he 
was a senior research scientist at the Arecibo Observatory in Puerto Rico. Dr. 
Behnke’s research interests are in the area of upper ionospheric dynamics, princi-
pally using incoherent scatter. He has a bachelor’s degree in physics and an M.S. 
and a Ph.D. in space science, all from Rice University.
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MICHAEL BELTON is president of Belton Space Exploration Initiatives, LLC, 
in Tucson, Arizona, and was previously an astronomer at the National Optical 
Astronomy Observatories. He is an expert in cometary physics and specializes in 
ground-based telescopic and space-based observations and interpretation. He has 
participated in the Mariner Venus/Mercury, Voyager, Galileo, and Deep Impact 
flight missions. Belton is a past chair of the Division for Planetary Sciences of the 
AAS, and he chaired the first decadal survey study of solar system exploration.

CHARLES L. BENNETT is a professor of physics and astronomy at Johns 
Hopkins University. He leads the Wilkinson Microwave Anisotropy Probe 
(WMAP) mission as the principal investigator (PI). Previous to his work on 
WMAP, Dr. Bennett was the deputy PI of the Differential Microwave Radiometers 
instrument and a member of the science team of the Cosmic Background Explorer 
mission. He is a fellow of the American Association for the Advancement of Sci-
ence, a member of the American Academy of Arts and Sciences, and a fellow 
of the American Physical Society. He received the Harvey Prize in 2006 and the 
Draper Medal of the NAS in 2005. He is a member of the Space Studies Board.

JOSEPH A. BURNS is the Irving Porter Church Professor of Engineering, a 
professor of astronomy, and the vice provost of physical sciences and engineer-
ing at Cornell University. His current research concerns planetary rings and the 
small bodies of the solar system (dust, satellites, comets, and asteroids). He is 
the senior vice president of the AAS, having previously chaired the Division for 
Planetary Science (DPS) and the Division on Dynamical Astronomy. Burns is 
a fellow of the AGU and the AAAS, a member of the International Academy 
of Astronautics, and a foreign member of the Russian Academy of Sciences. In 
1994 he received the DPS Masursky Prize. He is a former member of the Space 
Studies Board, and he served on the recent decadal survey steering committee 
for solar system exploration.

JOHN R. CASANI is special assistant to the director at the Jet Propulsion 
Laboratory (JPL). During his long career in project management and system 
engineering he has served as project manager for the Voyager mission to the outer 
planets, the Galileo mission to Jupiter, and the Cassini mission to Saturn, and he 
held project positions in JPL’s early Explorer, Pioneer, Ranger, and Mariner space 
missions. He has received NASA’s Distinguished Service, Outstanding Leader-
ship, and Exceptional Achievement medals; the Space Systems Award from the 
American Institute of Aeronautics and Astronautics; the von Karman Lectureship 
in Astronautics; and the National Space Club’s Astronaut’s Engineer Award.

CARMELA J. CHAMBERLAIN is a program associate with the Space Studies 
Board. She joined the NRC in 1974 as a senior project assistant in the Institute 
for Laboratory Animals for Research, which is now a board in the Division on 
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Earth and Life Sciences, where she worked for 2 years, and then transferred to 
the Space Science Board. 

ARTHUR A. CHARO directs the activities of the Space Studies Board’s Com-
mittee on Earth Studies and Committee on Solar and Space Physics, as well as the 
decadal survey steering committee for Earth Science and Applications from Space. 
He worked on national security and arms control topics at Harvard University’s 
Center for Science and International Affairs and in the International Security and 
Space Program in the U.S. Congress’s Office of Technology Assessment. Dr. Charo 
is a recipient of a MacArthur Foundation Fellowship in International Security and 
was an American Institute of Physics Congressional Science Fellow. He is the 
author of research papers in the field of molecular spectroscopy and the monograph 
Continental Air Defense: A Neglected Dimension of Strategic Defense.

MARY CLEAVE is the associate administrator for NASA’s Science Mission 
Directorate. A scientist with training in civil and environmental engineering 
as well as biological sciences and microbial ecology, Dr. Cleave most recently 
served as deputy associate administrator (advanced planning) in the Office of 
Earth Science at NASA Headquarters. In 1991 she joined NASA’s Goddard 
Space Flight Center, where she worked as the project manager for SeaWiFS, 
an ocean color sensor that monitors vegetation globally. A veteran of two space 
shuttle flights, Dr. Cleave flew as a mission specialist aboard STS-61B in 1985 
and STS-30 in 1989. 

JUDITH A. CURRY is chair of the School of Earth and Atmospheric Sci-
ences at the Georgia Institute of Technology. Her research interests include 
remote sensing, climate of the polar regions, atmospheric modeling, and air/sea 
interactions. She participates in the World Meteorological Organization’s World 
Climate Research Program, was a member of the Science Steering Group of the 
Arctic Climate System Program, and chairs the Global Energy and Water Cycle 
Experiment Cloud System Studies Working Group on Polar Clouds. She is a 
member of the Space Studies Board.

BRIAN D. DEWHURST is a senior program associate with the NRC Board on 
Physics and Astronomy. He is the staff officer and study director for a variety 
of NRC activities, including the Committee on Astronomy and Astrophysics, 
the Committee on Radio Frequencies, and other astronomy-oriented tasks. He 
received a B.A. in astronomy and history from the University of Virginia in 2000 
and an M.A. in science, technology, and public policy from George Washington 
University in 2002.

GERALD J. DITTBERNER is head of Advanced Technology Studies for 
NOAA/NESDIS where he manages concept studies and engineering research 
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into new technologies for space-based systems in support of NOAA’s overall 
observing systems architecture. Previously, he was NOAA’s GOES program 
manager. He completed 21 years as an Air Force meteorologist, 10 years in 
aerospace industry, and has been at NOAA since 1995. Dr. Dittberner earned a 
bachelor’s in electrical engineering, a master’s in meteorology and space science 
and engineering, and a doctorate in meteorology (climatology) from the Univer-
sity of Wisconsin. 

JACK D. FARMER is a professor in the Department of Geological Sciences 
at Arizona State University. He previously worked as a research scientist in the 
exobiology branch of NASA Ames Research Center. His areas of research cover 
microbial biosedimentology and paleontology; early biosphere evolution; and 
astrobiology, specifically aimed at understanding the factors that control bio
signature preservation. Dr. Farmer was a member of NASA’s 2003 Mars Land-
ing Site Steering Committee, a member of the science definition teams for the 
Mars 2001 and 2005 missions, and chair of the Life Subgroup for NASA’s Mars 
Exploration Program (now Payload) Advisory Group. 

Richard Fisher is director of the Heliophysics Division in NASA’s Sci-
ence Mission Directorate. Before joining NASA headquarters in 2002, he served 
as chief of the Laboratory for Astronomy and Solar Physics at the Goddard 
Space Flight Center. He has been a principal investigator or mission scientist 
for several major ground and spaceflight instruments (first at the NCAR High 
Altitude Observatory and later at NASA Goddard) and payload scientist for five 
space shuttle missions. His research interests include research on topics of solar 
magnetic evolution and the solar corona; especially as they relate to the physical 
characteristics and physical processes of the outer layers of the Sun and the 
impact on humanity and technology. 

Craig Foltz is the lead for Large Facilities and MREFC-class projects for 
the Division of Astronomical Sciences of the NSF. He is the program manager 
for the Advanced Technology Solar Telescope, the Large Synoptic Survey Tele-
scope, and the Gemini Observatory and serves on a number of standing panels 
and working groups related to large facilities and projects. Prior to coming to the 
NSF in 2003, he was the director of the Multiple Mirror Telescope Observatory, 
a joint facility of the Smithsonian Institution and the University of Arizona. His 
research interests include studies of the space distribution of quasars, the inter-
galactic medium, and astronomical instrumentation.

CLAUDE FREANER has been at NASA Headquarters for 12 years, starting in 
the Systems and Cost Analysis Division, Office of the Chief Financial Officer, 
and then in Office of Earth Science, and currently the Science Mission Directorate 
(SMD). Mr. Freaner develops independent cost estimates for SMD projects, over-
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sees all cost analysis activities for directorate projects, and has recently been 
assigned as the SMD EVM Focal Point Council representative. Prior to this, he 
worked for 17 years at General Dynamics Space Systems as a cost analysis and 
EVM cost account manager, and as a Navy officer for 10 years.

James L. Green is acting director of the Planetary Science Division in 
NASA’s Science Mission Directorate. He has served previously at the NASA 
Goddard Space Flight Center as head of the National Space Science Data Center, 
chief of the Space Science Data Operations Office, and most recently as chief of 
the Science Proposal Support Office. Dr. Green’s major activities in space science 
research have involved various aspects of magnetospheric physics.

Paul hertz is the chief scientist in the Science Mission Directorate at NASA. 
He has previously served as assistant associate administrator for science, senior 
scientist in astronomy and physics, senior scientist for space science research, 
and program scientist or program executive for a number of NASA programs 
including the Explorer Program, the Beyond Einstein Program, the Chandra 
X-ray Observatory, the SOFIA airborne observatory, and the Galileo mission. 
Prior to joining NASA, Dr. Hertz was a research astrophysicist with the Naval 
Research Laboratory. 

JACQUELINE N. HEWITT, professor of physics, is the director of the 
Massachusetts Institute of Technology’s Kavli Institute for Astrophysics and Space 
Research. The focus of her research is to apply the techniques of radioastronomy, 
interferometry, and signal processing to basic research in astrophysics and 
cosmology. Her honors include the American Physical Society’s Maria Goeppert-
Mayer Award, the International Union of Radio Science’s Henry G. Booker Prize, 
the NSF’s Presidential Young Investigator Award, and the Annie Jump Cannon 
Award in astronomy. Dr. Hewitt is a fellow of the American Physical Society and 
has also been a David and Lucile Packard Fellow and an Alfred P. Sloan Research 
Fellow. She is a member of the Space Studies Board.

NOEL HINNERS is a senior research associate at the Laboratory for Atmo-
spheric and Space Physics and lecturer on space policy at the University of 
Colorado. He retired in January 2002 from Lockheed Martin Astronautics where 
he was vice president of light systems. Dr. Hinners served as an associate deputy 
administrator and the NASA chief scientist (1987-1989); director of the NASA 
Goddard Space Flight Center (1982-1987); director of the Smithsonian’s National 
Air and Space Museum (1979-1982); NASA associate administrator for space 
science (1974-1979); and director of NASA’s Lunar Programs (1972-1974).

RICHARD J. HOWARD is acting director of the Astrophysics Division in 
NASA’s Science Mission Directorate. He joined NASA Headquarters in 1991 
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and became associate director of astronomy and physics in 2001 and, later, 
deputy director of the Universe/Astrophysics Division. Prior to joining NASA, 
he worked at NASA’s JPL on advanced microwave and millimeter-wave remote 
sensing systems and at the California Institute of Technology as site manager dur-
ing the development and initial operations of the Caltech Submillimeter Observa-
tory located on Mauna Kea, Hawaii.

TAMARA E. JERNIGAN is principal deputy associate director in the Physics 
and Advanced Technologies Directorate of Lawrence Livermore National Labora-
tory. She is a veteran of five space shuttle missions where she supervised the pre-
flight planning and in-flight execution of critical activities aboard STS‑40, -52, 
-67, -80, and -96. Dr. Jernigan served as mission specialist on the first dedicated 
Life Sciences mission, STS-40, and as payload commander of STS-67. She has 
served as deputy chief of the Astronaut Office and as deputy for the Space Station 
program. She is a member of the Space Studies Board.

MARY ELLEN KICZA is the deputy assistant administrator for satellite and 
information services at NOAA. She previously served at NASA as a program 
manager, deputy director of the Solar System Exploration Division, assistant 
associate administrator for space science, associate center director for Goddard 
Space Flight Center, associate administrator for biological/physical research, and 
most recently as the associate deputy administrator for systems integration. She 
began her career as a software engineer at McClellan Air Force Base and then 
joined NASA’s Kennedy Space Center where she served as a lead engineer par-
ticipating in the preparation of Atlas Centaur and Shuttle Centaur launch vehicles 
in support of NASA, DOD, and NOAA satellites. 

LOUIS J. LANZEROTTI is Distinguished Research Professor at the New 
Jersey Institute of Technology (NJIT). His research focuses on geophysics and 
space plasma physics as related to planetary magnetospheres, energetic particles 
emitted by the sun, and the engineering impacts of natural and artificial space 
phenomena on space and terrestrial technologies. Prior to joining NJIT in 2003, 
Dr. Lanzerotti spent nearly four decades at Bell Laboratories-Lucent Technolo-
gies. He is a recipient of the NASA Distinguished Scientific Achievement Medal, 
the NASA Distinguished Public Service Medal, and the William Nordberg Medal 
for space science from COSPAR. He is the founding editor of the AGU publica-
tion Space Weather, The International Journal of Research and Applications. 
He is a current member of the National Science Board and he is a former chair 
of the Space Studies Board and of the solar and space physics decadal survey 
committee.

LAURIE LESHIN is director of sciences and exploration at the NASA Goddard 
Space Flight Center. Before joining NASA in 2005, Dr. Leshin was the Dee and 
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John Whiteman Dean’s Distinguished Professor of Geological Sciences and 
the director of the Center for Meteorites Studies at Arizona State University. 
Dr. Leshin is a cosmochemist primarily interested in deciphering the record of 
water on objects in our solar system, including the use of meteorites from Mars 
to assess the history of water and the potential for life on the planet. In 1996, she 
was the inaugural recipient of the Meteoritical Society’s Nier Prize, awarded for 
outstanding research in meteoritics or planetary science by a scientist under the 
age of 35. In 2004 she served on the President’s Commission on Implementation 
of United States Space Exploration Policy.

Johannes Loschnigg is staff director of the House Committee on Sci-
ence Subcommittee on Space and Aeronautics. He first came to Capitol Hill as 
an AAAS congressional science and technology policy fellow in 2002, and was 
hired as professional staff in May 2004. Dr. Loschnigg previously served as a 
postdoctoral research fellow and then as a faculty member at the University of 
Hawaii’s School of Ocean, Earth Science, and Technology in Honolulu.

BRUCE D. MARCUS is retired from TRW, where he was chief scientist and 
manager of Advanced Programs for the Space and Laser Programs Division. 
His research background includes heat and mass transfer, heat pipes, thermo
siphons, spacecraft thermal control, and thermomechanical design of telescopes. 
Dr. Marcus’s background also includes extensive experience in space systems 
program management. He is a former member of the Space Studies Board and a 
current member of the decadal survey steering committee for Earth sciences and 
applications from space.

CHRISTOPHER F. McKEE is chair of the Department of Physics and profes-
sor of physics and of astronomy at the University of California, Berkeley. His 
research focuses on the theory of physical processes in the interstellar medium, 
the diffuse gas between the stars. Dr. McKee’s NRC service includes membership 
on the 1991 NRC Astronomy and Astrophysics Survey Committee and co-chair 
of the 2000 Astronomy and Astrophysics Survey Committee, which conducted 
the most recent decadal survey in astronomy and astrophysics. Dr. McKee is a 
former member of the Space Studies Board, and he is currently a member of the 
Board on Physics and Astronomy.

BERRIEN MOORE III is professor and director of the Institute for the Study 
of Earth, Oceans, and Space at the University of New Hampshire. Dr. Moore’s 
research focuses on the carbon cycle, global biogeochemical cycles, and global 
change as well as policy issues in the area of the global environment. He led the 
International Geosphere-Biosphere Programme (IGBP) Task Force on Global 
Analysis, Interpretation, and Modeling, prior to serving as chair of the overarch-
ing Scientific Committee of the IGBP. He chaired the July 2001 Open Science 
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Conference on Global Change in Amsterdam and is one of the four architects 
of the Amsterdam Declaration on Global Change. He is a member of the Space 
Studies Board and chair of the decadal survey steering committee for Earth sci-
ence and applications from space.

JON MORSE is a senior policy analyst in the Science Division of the White 
House Office of Science and Technology Policy. He is a former member of the 
faculty of the Department of Physics and Astronomy at Arizona State University. 
He is an astronomer whose research activities have included the use of the HST, 
FUSE, and Chandra space observatories to study star formation, high-mass stars, 
supernovas and supernova remnants, and active galaxies.

KENNETH H. NEALSON is the Wrigley Professor of Geobiology at the Uni-
versity of Southern California. His research interests focus on environmental 
microbiology and biogeochemistry and as such have led to methods that are now 
being interfaced with the study of organisms in extreme environments, and with 
upcoming missions, both for in situ life detection and for analysis of samples 
returned from Mars in future missions. Dr. Nealson previously served as a senior 
scientist at NASA’s JPL and as a professor at the Center for Great Lakes Studies 
of the University of Wisconsin, Milwaukee.

SUZANNE OPARIL is a professor of medicine, physiology, and biophysics 
and director of the Vascular Biology and Hypertension Program in the Divi-
sion of Cardiovascular Disease at the University of Alabama at Birmingham. 
Dr. Oparil is an active investigator in the laboratory, as well as in the clinical 
setting, and directs a large basic and clinical research group in vascular biology 
and hypertension. She has served as president of the American Federation of 
Clinical Research and as chair of the Public Policy Committee of that organiza-
tion. Dr. Oparil is also a member of the American Society of Clinical Investiga-
tion and the Association of American Physicians. She is a member of the Space 
Studies Board.

Robert Palmer is an expert on science policy. He was a staff director for 
the U.S. House of Representatives’ Committee on Science, serving in that capac-
ity for 12 years until his retirement in January 2005. During his 26 years of total 
service on the Science Committee, he was the committee’s lead staff member 
involved in analyzing federal R&D budgets and in interacting with the House 
and Senate Appropriations Committees. He holds a Ph.D. from the University of 
Delaware in marine biology.

GEORGE A. PAULIKAS retired in 1998 after 37 years at the Aerospace Corpo-
ration after serving as a member of the technical staff, department head, labora-
tory director, vice president, senior vice president, and executive vice president, 
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during which time he made many technical contributions to the development of 
national security space systems. He is a recipient of the National Reconnaissance 
Office’s Gold Medal and the Aerospace Corporation Trustees’ Distinguished 
Achievement Award. He is a former vice chair of the Space Studies Board.

JAMES PAWELCZYK is a physiologist at Pennsylvania State University. He 
was a payload specialist on the Space Transportation System-90 (Neurolab) mis-
sion which flew in 1998 with a focus on neuroscience. He has been an individual 
PI and project leader in space life sciences since 1993. Dr. Pawelczyk’s research 
areas include central neural control of the cardiovascular system and compensa-
tory mechanisms for conditioning and deconditioning. He is a member of the 
Space Studies Board.

Tanja E. Pilzak is the administrative coordinator for the Space Studies 
Board. She came to the SSB from the Division on Earth and Life Studies where 
she was a research associate for 5 years in the Board on Earth Sciences and 
Resources and the Board on Agriculture and Natural Resources. She holds an 
M.S. in environmental management and a B.S. in natural resources management 
from the University of Maryland College Park. 

RONALD F. PROBSTEIN is the Ford Professor of Engineering, Emeritus, at the 
Massachusetts Institute of Technology. His career is centered on scientific appli-
cations of fluid mechanics, both theoretical and experimental, to numerous areas 
of conceptual, economic, or societal importance, including hypersonics, rarefied 
gas dynamics, dust comets, desalination, physicochemical hydrodynamics, syn-
thetic fuels, in situ soil remediation with electric fields, and slurry rheology. 
Dr. Probstein has carried out fundamental and applied studies of hypersonic and 
physicochemical flows, research on hypersonic viscous and rarefied gas flows, 
and studies of hypersonic wakes in dust comet tails. He is a member of the Space 
Studies Board.

GARY RAWITSCHER is a senior analyst in the Management and Policy Divi-
sion of NASA’s SMD. His responsibilities include reviewing the management and 
performance of SMD programs and projects and participating in the development 
of agency-wide program and project management processes and requirements. 
He worked previously in the Resources Analysis Division in the NASA Chief 
Financial Office for 11 years, including 2 years as acting deputy director of the 
division. Prior to that, he was a budget examiner in the National Security Division 
of the Office of Management and Budget.

ROBERT L. RIEMER has served as senior program officer for the two most 
recent NRC decadal surveys of astronomy and astrophysics and has worked on 
studies in many areas of physics and astronomy for the Board on Physics and 
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Astronomy (where he served as associate director from 1988 to 2000) and the 
Space Studies Board. Prior to joining the NRC, Dr. Riemer was a senior project 
geophysicist with Chevron Corporation. He received his Ph.D. in experimental 
high-energy physics from the University of Kansas-Lawrence.

Donald C. Shapero is director of the NRC Board on Physics and Astron-
omy. Prior to joining the NRC in 1975 he was a Thomas J. Watson Postdoctoral 
Fellow at IBM and a faculty member at American University and Catholic Uni-
versity. He took a leave of absence from the NRC in 1978 to serve as the first 
executive director of the Energy Research Advisory Board at the Department of 
Energy. He has published research articles in refereed journals in high-energy 
physics, condensed-matter physics, and environmental science.

DAVID H. SMITH is a senior staff officer and study director for a variety of 
NRC activities, including the Committee on Planetary and Lunar Exploration 
and the Committee on the Origins and Evolution of Life. After receiving a 
B.Sc. in mathematical physics from the University of Liverpool and a D.Phil. in 
theoretical astrophysics from Sussex University, he held the position of associate 
editor and, later, technical editor of Sky and Telescope and was a Knight Science 
Journalism Fellow at the Massachusetts Institute of Technology. He directed the 
recent NRC decadal survey for solar system exploration.

MARCIA S. SMITH is the director of the Space Studies Board. Prior to joining 
the SSB in March 2006, she was a senior-level specialist in aerospace and tele-
communications policy for the Resources, Science, and Industry Division of the 
Congressional Research Service (CRS) at the Library of Congress. She had been 
with CRS since 1975, serving as a policy analyst for the members and committees 
of the U.S. Congress on matters concerning U.S. and foreign military and civilian 
space activities, and on telecommunications issues and on nuclear energy. From 
1985 to 1986, Ms. Smith took a leave of absence to serve as executive director 
of the U.S. National Commission on Space. She is the North American editor for 
the quarterly journal Space Policy. She is a fellow of both the American Institute 
of Aeronautics and Astronautics and the American Astronautical Society. 

Edward C. Stone is the David Morrisroe Professor of Physics and vice 
provost for special projects at the California Institute of Technology. He was 
formerly the director of the JPL, chair of the board of directors of the California 
Association for Research in Astronomy, and director of the W.M. Keck Founda-
tion. He has served as the project scientist for the Voyager Mission since 1972 
and coordinated the efforts of 11 teams of scientists in their studies of Jupiter, 
Saturn, Uranus, and Neptune. He is a recipient of the National Medal of Science, 
the American Philosophical Society Magellanic Award, the American Academy 
of Achievement Golden Plate Award, and the COSPAR Award for Outstanding 
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Contribution to Space Science. He is the U.S. representative to COSPAR and a 
former member of the Space Studies Board.

Judith s. Sunley is the acting assistant director for mathematical and 
physical sciences at the National Science Foundation. She has previously served 
at the NSF as senior advisor to the director, interim assistant director for educa-
tion and human resources, executive officer of the Mathematical and Physical 
Sciences Division, and division director for mathematical sciences.

HARVEY D. TANANBAUM is director of the Smithsonian Astrophysical 
Observatory’s Chandra X-ray Center (CXC). He was project scientist for 
the Uhuru X-ray Satellite and served as the scientific program manager for 
the Einstein Observatory, the first large imaging x-ray telescope. In 1981 
Dr. Tananbaum became associate director for high energy astrophysics at the 
Harvard-Smithsonian Center for Astrophysics, a position he held for 12 years. 
In 1991, he was appointed director of the CXC. Dr. Tananbaum is a fellow of 
the AAAS and has served as vice-president of the AAS. He is a member of the 
Space Studies Board.

MICHAEL TURNER is the Rauner Distinguished Service Professor of Astron-
omy and Astrophysics at the University of Chicago and a senior scientist at the 
Fermi National Accelerator Laboratory. He served as NSF assistant director for 
mathematical and physical sciences from 2003 to 2005. His research focuses 
on the application of modern ideas in elementary particle theory to cosmology 
and astrophysics. Dr. Turner chaired the NRC Committee on the Physics of the 
Universe, which in 2003 published Connecting Quarks with the Cosmos, and he 
was a member of the most recent decadal survey for astronomy and astrophysics. 
Dr. Turner has been honored with the Helen B. Warner Prize of the AAS, the 
Julius Edgar Lilienfeld Prize of the APS, the Halley Lectureship at Oxford Uni-
versity, the Klopsteg Lecture Award of the AAPT, and the Quantrell Award for 
Excellence in Undergraduate Teaching at the University of Chicago.

C. MEGAN URRY is the director of the Yale Center for Astronomy and Astro-
physics. She is the former head of the Science Program Selection Office at the 
Space Telescope Science Institute. Her research is conducted through theory 
and observation, with specific interests in multiple wavelengths, including 
active/interacting galaxies, clusters of galaxies, and supermassive black holes. 
In addition, she is actively involved in association work, specifically, women in 
astronomy. She is currently co-chair of the NRC Committee on Astronomy and 
Astrophysics, and she is a past member of the Space Studies Board.

JOSEPH F. VEVERKA is a professor of astronomy and chair of the Astronomy 
Department at Cornell University. His research focuses on the use of spacecraft 
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imaging data to identify the important processes that have affected the evolution 
of small bodies in the solar system. Recent subjects of his research include the 
asteroids Gaspra and Ida, Ida’s satellite Dactyl, the asteroid 433 Eros, Mars, 
Neptune’s moon Triton, and the polar caps of Jupiter’s Galilean satellites. He is 
a member of the Space Studies Board.
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Beneficial Aspects of NRC Decadal Surveys

•	� Community-based documents that provide consensus views of frontier 
science opportunities for maintaining the nation’s scientific leadership

•	� Provides for each field a single, well-respected source for community 
priorities and the scientific motivations to the agencies, OMB, OSTP, and 
the Congress

•	� Limits the range of activities to consider for funding
	 —�Cost estimates, technical risk assessments, and technology roadmaps 

aid in budget planning

Issues and Concerns with NRC Decadal Surveys

•	� Prioritizing specific projects can become static and inflexible, making it 
nearly impossible to account for project setbacks, new discoveries, chang-
ing budgetary circumstances, etc.

•	� Technical risks are often not well known or stated clearly
•	� Cost estimates have often been inaccurate
	 —�Project cost estimates are too low and do not reflect total life-cycle 

costs
•	� Recommended project portfolios cannot fit in any realistic budget sce-

nario (unrealistic expectations)
	 —�Small, medium, and large projects are not compared 
	 —�Surveys often do not address how projects should be phased, individu-

ally or relative to one another
•	� Surveys usually assume only growth in the number and scale of facilities 

and missions and do not identify offsets in the existing portfolios to enable 
new initiatives

What Is Most Useful for Making Decisions?

•	� Frame the discussion by identifying the key science questions
	 —�Focus on what you want to do, not on what you want to build
	 —�Discuss the breadth and depth of the science (e.g., impact on our 

understanding of fundamental processes, impact on related fields and 
interdisciplinary research, etc.)

•	� Explain what measurements and capabilities are needed to answer each 
question

•	� Discuss the complementary nature of initiatives, relative phasing (domes-
tic and international context)

	 —�How do various past, present, and future measurements and facilities 
work together to answer the questions?

	 —�What roles do/could private, interagency, and international partnerships 
play?
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•	� Reporting by capabilities (e.g., wavelength range and in situ vs. remote 
sensing) is not useful for policy and budget planning

Suggested Improvements

•	� Establish science and project priorities in the broad context of past, pres-
ent, and future projects and changing conditions

•	� New initiatives, upgrades and/or recapitalizations
•	� Establish relative priority amongst new initiatives, projects currently under 

development (e.g., from previous surveys), operating projects, R&A,  
PI-led projects, and technology/R&D investment needs

•	� Prioritize across all initiatives vs. grouping into small, medium, large. That 
is, remove ambiguities about what is meant by “a balanced program”

•	� Explain the associated risks (technical, dependencies on other projects)
	 —�Assume that large projects (>$1 billion) will need international 

support
•	� Provide tables that summarize key information about science and 

projects
•	� Provide timeline/phasing charts and diagrams for project portfolios under 

various budget scenarios
•	� Consider recruiting nonspecialists or even nonscientists for committees 

to aid in communicating societal benefits (e.g., interdisciplinary aspects, 
education, workforce training, public outreach)

Managing Expectations

•	� Acknowledge stewardship role in taxpayer investment
•	� Identify highest priority activities but within a framework that allows flex-

ibility to react to new scientific opportunities
•	� Use order-of-magnitude life-cycle cost estimates instead of specific (often 

underestimated) construction costs or costs by decade
•	� Explain how circumstances (e.g., project overruns, changing budget 

forecasts, phasing with other projects, new discoveries) would change 
priorities

•	� Consider multiple realistic budget profiles and what science various pro-
files would buy

	 —�Work with agencies, OMB, Congress to define constraints
	 —�Macrobudgetary pressures are expected to increase during the next 

decade, so flat budget projections may actually be optimistic
	 —�Also need to consider project terminations that allow new initiatives to 

move forward (part of Decadal Survey or subsequent Senior Review 
process)


