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From the Chair

References to Darwin have been appearing in discussions
about space with remarkable frequency, but not in the context
ofsome Spacelab life science experiment. lnstead, there is a
sober recognition within NASA and thoughout the aerospace

community that the space program must adjust to a radically
new environment-or risk extinction. The great comet crash

on Jupiter was a very public triumph for space science, with
Hubble images on every fiont page. But listen to cornnents
by NASA Administrator Daniel Goldin or Norman Augustine,
chairman of the newly realigned Martin Marietta, and the
comet is more likely to evoke images of the mass extinction
ofthe dinosaurs. In Goldin's words, "the civil space program
is hanging by a thread."

NASA'S budget tells the story. Down for the first time this
year since the end ofApollo, it is proj€cted to be flat through
the ¡est of the decade, with real buying power eroding by
inflation. The challenge for NASA, and for the broader space

community, is how to use this still considerable fraction of
U.S. R&D expenditures in the wisest and most effective way.

It is clear that the Space Studies Board and its committees
can and must play an important role in the process of
adjusting to the new fiscal realities. Several recent Board
reports, and all those moving toward completion, have been
formulated in this spirit. The major study on the organization
and priorities of space science in NASA described in this
newsletter is particularly relevant. lt will be more important
than ever for us to pay attention to the full range of U.S. civil
space activities, including those in NOAA and DOD, and to
wo¡k towa¡d more effective intemational cooperation.

As the new chair of the Board, I am particularly gnteful
for the excellence I have inherited from the forme¡ chair, Lou
Laîzerotfl Its membership, staff, reputation, and impact are

unsurpassed. This carries a daunting responsibility, which is

shared by all those who serye as members and by the broader
community they represent. We need to work together to
assure that our enterprise emerges from these Darwinian times
vital and robust-not a fossil of some bygone golden age.

Claude R. Cânizares
Chair

Board and Committee News

Space science had a quiet summe¡ after initial amazement
during July at Senator Barbara Mikulski's success in

maintaining NASÄ's appropriation in the Senate VA-HUD-
IA bill. Earlier prognoses had been darkened by an outlay
deficiency, compared to the House, of $316 million for
FY95. In spite of this, NASA emerged from the Senate

App¡opriations Cornmittee with S85 million less than its
FY94 total, but S20l million higher than the
Administration's request, and a whopping $441 million
over the House figure. Both the space station and space

science were fully funded, with only relatively minor
adjustments made between space science accounts. Just

before passage ofthe bill in the Senate, the station survived
a new Bumpers amendment, whose 36 votes on August 4
we¡e four fewer than it gamered the year before.

This promise of a satisfactory denouement of the FY95
space science budget cycle had to share the spotlight with
the release on August 3 of the long-awaited OSTP report
Scíence in the National Interes¿ Based in part on a high-
level symposium held at the end ofthe preceding February,
this report promised to articulate the Clinton
Administration's policy perspective on science in much the
same r¡r'ay that a much earlier document had spoken to
national goals in techlology. The new policy's five goals

seemed to address the major areas of concern: it commits
the nation to leadership in research and excellence in
training both specialists and the general citizenry, and

promises to improve the connections between research and

national goals and between the major participants in the
scientific enterprise. The statement was generally favorably
received by the scientific community; for example, in a

statement on behalf of the American Institute of Physics,

Dr. Roland Schmitt said that the document modemizes

national policy "constructively, comprehensively, and

sensitively-" The only missing element was a mechanism

for increasing science's share of the GDP ftom 2.'1 to 3.o%o

as ¡ecommended. This reservation clouded an othe¡wise
positive reaction by Represeltative George Brown and

spokespersons ÍÌom academia and industry the day after its

release at a hearing on the new policy by the House

Subcommittee on Science.

In a footnote during the clcsing days of the quarter, the

space research community got a glimpse ofthe dark side of
the new information age. In a series of abrupt events, the

Far Ultraviolet Spectroscopic Explorer (FUSE) appeared to

be cancelled outright and then partly restored. On

September 8, email suddenly announced that FUSE had

been "cancelled," in a "major violation of the peer revierv

process." Anolher message announced that "the process

stinks," and that "we should scream." By the 13th, a calm

and carefully-reasoned letter was being circulated over
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The NASA Advisory Council, on which I sit ex ofücio, has
just issued a reassessment of the 1990'Report of the Advisory
Commiuee on the Future of the U.S. Space Program, the
"Augustine committee." This review responds to a request from
NASA's Senate appropriations subcommittee to reconvene the
original panel. Since that was viewed as unworkable,
Administator Goldin gave the job to the NAC.

The two most striking things about this exercise are first, how
much has changed, and second, how much has not.

The NAC report enumerates the "enormous structural
changes...in the world, in the United States, and in the
environment surrounding NASA" since 1990. And these words
were written a month before the fateful November election. I¡
concrete terms, the Augustine panel had used a working
assumption of 10%o real growth in NASA'S budget. This
projection is already 600/o above tåe current zero-growth figure
and will gro\ü to 160% above it by 1999.

Given such stark contrast between expectations and reality, it
is truly remarkable that the Augustine Committee report still
stands up so \4'ell. Quoting the NAC: "Virtually all the
recomrnendations we find valid or partially valid, even in the
greatly changed environment." Mr. Norman Augustine, who
joined the NAC discussion for several hours last summer, gave
his personal view that the panel's report would not have been
substantially different if \¡¡ritten today, a sentiment he had
already articulated in Congressional testimony.

The reason for this resiliency, according to the NAC
assessment, is that "tbe intent of the 1990 report .was to force
greater strategic thinking within NASA. That pupose is clearly
unchanged." Furûrermore, the NAC fmds that "within [the]
cha¡ged context NASA has responded very well" to the
Augustine recommendations, though it also notes that "some
improvements can still be made" and offers several
reconunendations of its own along these lines. The NAC's key
recommendation is that'.NASA should continue to be guided by
the strategic spirit ofthe [Augustine] report...."

This is comforting news for the space research community,
given the Augustine report's stong endorsement of scientiflc
research as a guiding principle for NASA. On the other hand, it
would be foolish to over-interpret the NAC's furdings. And
while the recent White House policy paper Science in the
Nqtional Interest is sFong on basic science, Administr¿tion
priorities for NASA include foreign policy, competitiveness, and
tech¡ology development. The science program itself is now
stretching to encompass policy-driven initiatives in Earth
observation as well as the young disciplines of life and
microgravþ sciences and applications-all within a flat budget.

So the NAC's endorsement doesn,t change todays
fundamental challenge for space research: we simply must keep
finding new and creative ì.vays to do excellent science with
fewer resowces. This includes both "working smarte¡,' and
making tough choices to maintain both qualþ and balance.
Doing so will also give us credibility in continuing to broadcast
tåe message atticulated in the Augustine report, that.,science
gives vision, imagination and direction to the space program."

Claude R. Caniz¡¡es
Chair

Board and Committee News

Space research faces a new world in 1995. With the end of40
years of Democratic control in the House of Representatives and
a corresponding turnover of leadership in the Senate, NASA and
NOAA will be dealing with new committee chairs and members,
and indeed even ne\ry committees. Rep. Bob Walker, the new
head ofthe new House Committee on Science that replaces Rep.
George Brown's Committee on Science, Space, and Technology,
reveaied the outiines oi the ft¡ture in a briefing on December 14.
In short, Rep. 'Walker is a strong supporter of the space station
and university research. He indicated an intedtion to continue
Rep. Brown's war against earmarking, and an inte¡est in
pursuing the creation of a cabi¡et-level Departnent of Science.
Il a divergence from cu[ent policy, Rep. 'Walker questioned
whether aspects of the Mission to Planet Earth and related
programs might not be more political than scientific, and also
expressed the preference for a stronger emphasis on basic
science at NSF in the place of the current emphasis on applied
science.

The funding pictue remains unclear. Various tax cut
proposals are in the air, as well as the Republican ConEact rÀ,itlì

America and President Clinton's "middle-class bill of rights."
The final outcome of many of these proposals could
dmmatically affect not only frrnding levels for individual
programs in the discretionary portions of the budget, but even
the existence of some perfomring entities themselves. One
example of the latter is the suggested elimination of the U.S.
Geological Survey. While Rep. Walker has said that he favo¡s
inflationary increases fo¡ the space agency, the effects of
political tumoil as the Congress reinvents itself over the next
fe\¡r' months are at present unfathomable.

. The Space Studies Board met on November 7-9 at the
Becknan Center, in lrvine, CA. Chak Claude Canizares
welcomed new members Drs. Ma¡tin Glicksman (Rensselaer

Polytechnic Institute), Marcia Rieke (tjniv. of Arizona), Janet
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Presidential Science Advisor Jack Gibbons recently
assembled a group of science advisory committee chairs to hear

about resea¡ch programs and budgets fiom various senior
officials. One of the first, the head of a major agency, opened by
expressing his pleasure at meeting such an"austere group." This
Freudian slip captu¡ed all too well the mood in the room.

Research, including space research, actually fared relatively
welÌ in the President's budget, considering the extreme pressure

on domestic discretionary spending. In NASA, the FY96 request
for the three offices that support science is essentially the same

as in FY95: $3.8 billion, with another $0.5 billion for launch and

communications services. The space science portion includes

several long-awaited new programs, ard the budget supports the
Earth Observing System and a spectrum of life and microgravi{
programs. Of course, these constant dollars, eroded by inflation,
are well below the desires of only a short while ago, so virtually
every program has been restructured and down-sized to fit. And,
in general, they do fit.

But there are two big question marks. One is the uncertainty
about Congressional action; the other is in the budget itself,
which shows sizable reductions for FY97 and beyond in the
bottom lines for most agencies. Fo¡ NASA, the budget request

for FY00, for example, is $l.l billion below the FY96 request,

neatly a 20yo drop in real buying power. These cuts, taken to
finance the administration's middle class tax reduction, were
inserted too late in the budget development process to allow the
agencies to speciry how they would be taken-that process is
now underway.

Until last year, all the "cuts" in NASA's budget were really
cuts in the rate of future growth. Now the ax is hitting real flesh
and bone. Although the ¡elevant subcommittee hearings have not
suggested it as yet, recent conve¡sations with Congressional staff
indicate that Congress could slash still deeper. Adminishator
Goldin has stated his intention to cut infiastructure rather than

hobble the agency by eliminating programs (the space station
was explicitly "fenced off' from budget reductions by the White
House). Headquarters will surely shrink, and activities at all the
NASA centers are being scrutinized for possible consolidation or
even elimination. The timescale for making these momentous
decisions is a few months.

The Space Studies Board is working hard to fulfill its charter
of providing carefully reasoned scientific advice to NASA on a
timescale that matches the agency's needs. We responded
quickly to Chief Scientist F¡ance Cordova's request for input on

science at NASA field centers (letter reprinted below), are
pushing to finish an assessment of Gravity Probe B, and have
issued a short report on synthetic aperture radar by our
Committee on Earth Studies. The Committee on Microgravþ
Research is responding to a list of questions raised by its
Opportunities rcport. At the same tìme, we are continuing our
longer term activities, including the major Future of Space

Science shrdy. Progress and status of these and other activities
are described in this \ssue ofthe Bulletín.

These times are sorely testing all of us: NASA employees
with decades of dedicated service, young postdocs dreaming of
new discoveries, senior researchers who have waited much of
their careers to pedorm highly-rated missions, and those in
industry who are eager to continue supporting NASA and the
research community. The outcome oftoday's profound changes

will reflect as much our character as ou¡ wisdom.

Claude R. Can¡zares

Chair

Board and Committee News

In these pages ayear ago, we wrote that "the post-Cold War
evolution of the national policy and budget environment first
heralded a year ago emerged more clearly." t"Vhile it would be

possible to assert that the budget environment is still headed the

same way, certainly the policy climate for space and space

research is being revolutionized. The downscaling pressuÍes that
NASA and othe¡ federal agencies faced a year ago continue to
intensiry, from the Adminishation's REGO-2, for example, and
frôm the new Republican Congress. For research in general,
potent forces are countermanding earlier p¡essures toward
"strategic" research and reemphasizing basic research- Some
formerly favored programs, such as the DoC's Advanced
Technology Program, are being perceived as unwarranted

intrusions by the government into properly private sector

decision-making-"pub€scent industrial policy," in the words of
one Congressman.

For NASA, the big budget news during the quarter was the

additional $5 billion in reductions for the outyears mandated in
mid-January by the White House to pay for proposed tax cuts. In
a very dramatic budget press conference on February 6,

Administrator Daniel Goldin stated: "Make no mistake. When
this is over, NASA will be profoundly different. We're going to
¡estructure the Agency-" Mr. Goldin made clear that his

In This Issue
. A Stmtegy for Ground-Based Optical and Intared Astronomy (executive summary)

Letter Report to NASA Chief Scientist F. Cordova on NASA Field Center Science and Scientists (March 29,1995)
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Active coordinatior and cooperation among the disciplines
of space science have probably neve¡ been more important.
When budgets were on the rise, planning efforts focused on the
allocation of new dollars. The stabilily of base programs and

ongoing activities was generally assumed (although with
recognized optimism). Each community brought forth its
highest priorities for a new start or an en¡ancement to the
research base, relying on the strategies and studies of the Space

Studies Board's discipline committees. The single intemal
NASA advisory committee dealing with space and earth

sciences and applications could merge these by means of
exercises like the famous Woods Hole "shoot out." They
advised the single office in NASA responsible fo¡ all these

activities, which was itself organized around disciplinary
divisions. The result was an ordered queue of new starts of
various sizes.

The emphasis in this process was on advocacy: by mission
advocates to the disciplinary advisory committees, by committee
chairs as discipline advocates at the next level, and by each
NASA division director to the associate administrator. In every
possible forum, the primary aim ìras to push the disciplinary
agenda and jockey for a higher place in the queue. One

consolation for those who missed the top rank was the

expectation that the queue would occasionally jerk forward;
soone¡ or later their tum would come.

Times have chaaged. The present environment is one of
declining budgets, erosion of the research base, and tangible
threats to ongoing programs. Responsibilþ within NASA for
space science and applications is now divided among three

offrces advised by three intemal committees. Reorganization of
tbe Office of Space Science is likety to erase the disciplinary
structures ofthe past.

Although advocacy, a key element of peer review, remains
of g¡eat importance, these new conditions enhance the necessþ
for cooperation and consensus, within NASA and across the
community. The agency has already moved towa¡d this
paradigm, with results that demonstrate its power. The close

cooperation of the chief sciertist and all three science associate
administrators produced a compelling case for science during
the Zero Base Review. The result was a recommendation by
senior NASÄ management and a decision by the Administrator
to look elsewhere in cutting $5 billion over five years. The
science programs were virtually unscathed. Ofcourse, the Zero

Base Review now looks like just another round, albeit a major
one, in the ongoing budgetary boxing match. At this writing, the
NASA budget has just caromed through the House
appropriations committee and the outcome is still highly
rìncertain.

The Space Studies Board is completing a major study on the
management of space science for the future that will address

issues like coordination and priority setting. The need for this
examination has only increased since it was commissioned by
the Senate appropriations subcommittee and Administrator
Daniel Goldin nearly two yeaß ago, in the wake of NASA's
reorganization of the space science offices. Administator
Goldin has requested that we accelerate its release, and the

volunteers and staff have been working feverishly toward
publication in early autumn.

When the new report is released, it should provide useful
guidance to the agency and to the community itself. By
necessity, it deals pdmadly with principles, goals and
approaches, although it will include some quite specific
recommendations. The exact balance between advocacy and

consensus, of course, is something that can only be determined

in practice by those participating in the process. The success of
the space science enterpdse over the next several years probably
depends more on our collective effectiveness in this political
a¡ena than it does on brilliant insights or technical
breakthroughs.

Claude R. Car¡izares
Chair

Board and Committee News

The Big Three issues during the second quarter were the
Zero Base Review (ZBR), the budget resolution, and Shuttle-

Mir. Begun during 1994, the ZBR gathered up and integrated

the results of a number of agency management studies that
spanned space shuttle opemtions, the field center system, and

NASA's labor force. Key inputs were administration and Office
of Management and Budget guidance and Reinventing

Govemment-2 (REGO-2). A major driver in the exercise was

identifuing the extra $5 billion that the administration had

decided in January to cut from the agency's five-year budget

runout to finance a tax cut.

In This Issue
. Lefter Report on a Sciertific Assessment for a Thfud Flight ofthe Shuttle Radar Laboratory (April4, 1995)

. Microgravity Research Opportun¡ties for the 1990s (abbreviated summary)
. Letter Report on Clarification of Issues'u:.the Opportuníties Report (April 19, 1995)

o Review Of Grøvity Probe B (exeaJtiYe summary)
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At the end of September, John Armstrong, Daniel Fink, and
I presented our new report, Managing the Space Sciences, to
NASA Administrator Daniel Goldin and a small group of senior
agency officials. This is the product of the.,Future of Space
Science" (FOSS) study originally requested by the Senate
appropriations subcommittee late in 1993. The vast changes
taking place throughout the public and private sectors in the
intervening months might give one legitimate fears that the
report would arrive long after the rationale for it had
evaporated. In this case, the opposite is true; the report is
probably more timely and relevant than if it had been ready the
day it was requested.

Managing the Space .ScÞ¿c¿s add¡esses the conduct rather
than the content of space research. In this regard it differs
sharply fiom most of the Board's studies, which center
primarily in a scientific arena that is more comfortable for
academics and scholars. The main topics here are the
organization of science in NASA and approaches to setting
priorities and fostering technology development. The issues a¡e
imponderable, demanding judgment calls and political wisdom.
The four FOSS panels accepted this challenge, ard worked hard
for consensus on clear, concise tecommendations.

The three dozen volunteers who served on the FOSS panels,
many of them also Board members, brought a wealth of
experience with research management in industry, universities,
and govemment. Since August 1994, there was a FOSS
meeting or telecon eyery other week, on average, often
involving interested parties both inside and outside of NASA.
Overall project leadership came from John Armstrong, working
with task group leaders Daniel Fink, Roland Schmitt, Anthony
England, and Job¡ Hedgepeth, suppofed by the Board staff.
After a special request from Mr. Goldin in early June, the team
pressed the throttle still harder to produce the report in
September, th¡ee months earlier than originally planned. The
Board's executive committee, the NRC machinery for report
review and approval, and the staff all responded to the
challenge.

Managing the Space Sciences is written primarily for NASA
and for those on Capital Hill who care about and fund space
science. M¡. Goldin, his deputy, General Jack Dailey, Chief
Scientist France Cordova, Deputy Comptrollq Mal peterson

a¡d representatives from the th¡ee science offices all showed

consideration of the numerous recommendations, I hope that
many practitioners of the space sciences also take the trouble to
read it. The¡e are sections, especially those dealing with setting
priorities across disciplinary boundaries, that speak as much to
the communþ as they do to the agency. Success in
implementing the suggestions witl require the acceptance and
cooperation ofall the participants in space resea¡ch. In the end,
it is individuals and not abstact organizations that make things
happen.

Claude R. Caîiza¡es
Chair

Board and Committee News

The third quarter of 1995 started out with a bang on July l0
when NASA's House appropriations subcommittee
recommended a radical restruch¡ring ofNASA and its priorities.
OnIy 5o/o below the president's Fy96 request overall, their
package provided for cancellation of Cassini and Gravity Þobe
B and closure of Godda¡d Space Flight Center, Marshall Space
Flight Center, and Langley Research Center. At the same time,
fhe shuttle, space station, Ad.¿anced X-ray Astrophysics
Facility, and Earth Observing System (EOS) were untouched.
But barely a week later, the full committee reversed the most
radical provisions of the initial package, restoring all of the
above cuts, but reduced EOS by 5333 million. The
accompanying committee report expressed satisfaction with the
ability ofthe plan resulting from NASA's Zero Base Review to
reach the long-range reductions foreseen at the end of 1994, but
dtected the agency to complete by March 31, 1996, a further
study that would accommodate a new and lârger retrenchment.
The committee report suggested that NASA might have to
consider closing centers or eliminating major programs after all,
contrary to guidelines NASA had set for itself for the initial
Zero Base Review. The bill passed the House on Juty 3l and
attention shifted to the Senate.

The corresponding bill reported out ofthe Senate committee
on September 13 was more favo¡able in many areas to space
science. Fo¡ example, some reduced funding was included for
the House-zeroed Space Infiared Telescope Facility, greatly
improving the prospects for a new start in the conferenced
legislation, and the House cut in EOS was reduced fiom 22%o of
the president's request to essentially nil. As the September 30genuine interest in our and promised careful

In This Issue
. Letter Report on Peer Review at NASA Life Sciences (July 26, 1995). Letter Report on the Establishment of Science lnstitutes (August I l, 1995). Earth Obseryations from Space: H¡story, Prom¡se, and Reality (execulive summary). À Scientifc Assessment of a New Technologt Orbital Telescope (executive summary). Managing the Space Sciences (exea.ttive summary)
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The first signals that reached the Jet Propulsion Laboratory
from Jupiter indicat¡ng the apparent success of the Galileo
probe's peneFation into the giant planet's turbulent atmosphere

set offwhoops of jubilation and relief. The scene, replayed on
CNN thoughout the day, featured Administrator Daniel Goldin
ebulliently trading high-hves \¡r'ith Associate Adminishator for
Space Science Wesley Huntress. Against the background of past
problems, including the failed deployrnent of Galileo's main
antenna, the victory was particularly sweet.

The successful event also focused attention, including a lead
story in the science section of the New York Times, on the fact
that large, multifaceted missions like Galileo are becoming rare,
ifnot extinct. The emphasis in both space and Earth science has

moved decidedly toward smaller, faster, cheaper spacecraft and
payloads. The hope, of course, is that these will also be more
frequent. Much ofthe impetus is related to budget and risk. It is
easier to accommodate several small missions in a level budget
than the sha¡ply peaked spending profile of a single large
mission. And numerous small missions diffuse the risk of
random failures. There is also a presumption that multiple small
missions will keep research disciplines more vigorous and retum
as much or more science per dollar as the large ones. This latte¡
is still undemonstrated, however.

The Space Studies Boa¡d is initiating three studi€s that
address important components of NASA's program in the post-

big mission era. Each will be conducted by the Board but with
significant input and participation of our six standing discipline
committees.

One study deals with elements of risk, reliability,
performance, and cost. It is being carried out by the Joint
Committee on Technology in association with ou¡ partner, the
Aeronautics and Space Engineering Board. A key question is

\¡r'hat can we do at the overall level of program management,

systems design, and mission architecture ¡o reduce the costs of
missions of all sizes while maintaining appropriate levels of
reliability and performance.

The second project deals with intemational cooperation
across the space sciences and applications. Focusing initially on

U.S.-Europe collaboration, the Board's Committee on
lntemational Progmms is teamed with our colleagues on the

European Space Science Committee of the European Science

Foundation to examine some specific case histories from the past
and d¡aw conclusions about the enablers and disablers of
intemational coopemtion.

The third study will address the perennially troubled
components of the NASA science program dealing with direct
funding of scientific resea¡ch, the so-called Research and
Analysis and Data Analysis portions of the budget. These items
are often poorly understood within parts ofNASA, much less on
Capitol Hill. Even the strongest proponents of R&A need to
rethink its role in the new environment of more frequent and
smaller missions.

The Galileo orbiter is trickling data back to scientists living
on a very different Earth than when this mission was first
designed and launched. While the thermod).namic climate may
have warmed only imperceptibly, the fiscal climate is

categorically colder. As we near the end of the hrst quarter of
fiscal year 1996 with lots ofbickering but no federal budget, it is
easy to predict that funding for space and Earth sciences and
applications will not be rising for some time to come. W€ are

going to live with less. Our challenge is to work smarter so that
we can still maintain research progmms of the very highest
quality. We hope that these three studies will help achieve that
goal.

Claude R. Canizares
Chair

Board and Committee News

Tuesday, December 19, s),rnbolized in a single non-event

much of the elation and frustration of the last quarter of 1995.

There was to be a NASA press conference on early results ofthe
Galileo entry probe, which had hurtled dramatically into the

Jovian atmosphere two vr'eeks before-if the government was

open. But NASA wasn't, shuttered again for the second time in

as many months, victim of the continuing conflict over
appropriations between the Congress and the White House.

While enough bills had been signed to exempt 600,000 federal

worke¡s from the latest lockout, the VA-[{UD-IA appropriations

bill was one of several that the President vetoed that weeK
closing the space agency. In fact, the vetoed VA-HUDIA bill
was itself the result of an unusual process vr'hereby the House-

In This Issue
. The Role of Snall Missions in Planetary and Lunar Exploratíon (executive summary)

. Sett¡ng Priorities in Space Research: An Experiment in Methodolog, (exeaJtive summary)
. A Sc¡ence StrateÐ) lor Space Pþsics (executive summary)

Letter Repoft on "Concurrence" and the Role ofthe NASA Chief Scientist (December 12,1995)
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The NASA budget for FY97, just released by the
administration, has good news and bad news for space science
and applications.

The good news is that the programs of the three scienie
offices appear to be well supported for the next fiscal year.

Baning significant reductions in the Congressional
appropriations process, this budget will keep a healthy level of
activity in the space sciences, life and microgravity research,
and Mission to Planet Earth into next year. Although there are

no major new starts in the budget, there is a great deal of
activity in every discipline. There are more launches than ever

in space science, and many exciting results from Hubble and
other missions are filling the journals and the front pages of
major newspapers. The Shuttle-Mir program is in full swing
and will be extended through 1998. The Earth Observing
System is on track, now with only two years to go before the
launch ofthe AM-l satellite.

Just a few years agor it would have been inconceivable to
accomplish all this in FY97 with a NASA total of $13.8 billion
(basically unchanged from FY96), while also continuing space

station development, space shuttle operations, aeronautics and
technology development. In his ¡emarks at NASA'S March l9
budget briefing, Administrator Goldin justifiably praised the

agency for having "stepped up" to the challenge of making
"sweeping changes at NASA" that allow it to accomplish"more
for less."

The bad news comes when one looks at the NASA totals
that are projected for the out-years, which decline in roughly
three equal steps to reach $11.6 billion in FY00. This is far
below current levels, even before one attempts to account for
inflation. The FY00 figure is $1.6 billion below the projection
in last year's request, which was itselfbelow present levels and
seemed extraordinarily constrained. Compared to last year's
budget, an additional $3.2 billion would have to be removed
over three years.

Four staffers from Office of Management and Budget and

the Congress attended our Board meeting in late February, and
each of them described the intense pressures working at both
ends of Pennsylvania Avenue and on both sides of the aisle.
Though specifics differ, everybody has a deficit reduction target
that requires carving some hund¡eds of billions of dolla¡s from
domestic discretionary spending over the next five years. Part

of the staffers' message was that this storm will not soon pass,

although they also advised against sudden panic.
The open question is whethe¡ tir not NASA will be forced

to absorb these draconian numbe¡s after having already reduced
its previously planned expenditures by many tens of billions
through the Ze¡o Base Review, rescoping of missions, more
eff,rcient practices and some outight cuts. It is inconceivable
that NASA could survive what would be a 25% drop in
purchasing power over four years with anfhing like the cunent
spectrum of programs. Even a more modest reduction is likely
to have a profound impact on the space sciences, given the
relative inelasticity of large portions of NASA's prograrn, such

as space station and shuttle operations.
Administrator Goldin has clearly stated an intention to

¡emain optimistic and work with the administration on out-year
funding. He desewes the strong backing of the space research

community in these efforts. This is partly self-serving, but it is
also consistent with the broad consensus that ultimately science

and exploration are the long-lasting, high-value, and high-
visibility products ofthe space program.

Claude R. Can¡zares

Chair

Board and Committee News

With snow days and furloughs receding, activity in
Washington, DC, and in the space program gatherëd

momentum. Space science experienced a b¡illiant moment in
mid-February with the launch of three science missions in an

eight day period: the Near-Earth Asteroid Rendezvous (NEAR)
on the lTth was followed in midweek by the Tethered Satellite
Systern (TSS)/USMP-3 shuttle mission, and the week was

capped by the successful west coast launch of Polar, the last
U.S. component of the Intemational Solar-Terrestrial Physics
program. On its way to asteroid Eros, the fìrst Discovery
mìssion NEAR sent back images of its first cruise phase target
of opportunity, the Moon. Even the TSS, whose snapped cable
was widely reported as a second failure for the unlucky ltalian-
U.S. collaboration, met an important mission objective in
measuring a voltage of 3500 volts and a cunent of almost half
an ampere before the break-

Two significant documents ',ryere released by NASA during
February. The first, the new NASA Strategic Plan, clearly lays

In This Issue
. Letler Repon on Optimum Phasing for SIRTF (February 2. I996)

. Archiving Microgrøvity Flight Data and Samples (abridged)
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From the Chair

A terse announcement from the NASA Administator near

the time of the summe¡ solstice abruptly halted the formation

of all but one of the agency's planned science institutes' The

science institute concePt was bom during the so-called Zero

Base Review of 199411995, and planning began in eamest

about a year ago. Adminisû-¿tor Goldin's clearly søted

intention was to sÍengthen and improve the quality by

"privatizing" major portions of the science actiYities at several

ÑASA 
""nt".r. 

As it happened, an orderly transfer of civil
serva¡ts and their Pensions to the private sector requircs

legislation which the Office of Management and Budget

refused to seek. The one exception is the National Space

Biomedical Research Instih:te to encompass activities now

carried out at Johnson Space Flight Center because these are

already conducted primarily by conEactors' This one is going

forwa¡d.
Many of us have expressed concem that the institute

concept looked like one chapter ofa larger NASA science plan

which, however, has yet to be written. This would be NASA's

implementation plan for achieving the goals and

recommendations of the Spaoe studies Board's repof
Managing the Space Sciences, NASA's own Strategic Plan'

and several other SPace Studies Boa¡d, NASA Advisory

Council and NASA Science Council frndings. Unlike the

current NASA enterPrise sÍategic plans, which focus mo¡e on

content of the science program, the missing plan would assess

how the program gets carried out, where, and by whom.

The recent pressure to downsize NASA Headquarters

exacerbates the urgency of these larger questions. For

example, scientists at NASA centers have always been forced

to lead split lives, acting sometimes as govemment officials

and othe¡ times as members of their respective communities,

sometimes wearing the striped shirts of referees and moments

later appearing in the numbered jerseys ofplayers' The proper

balance of these contrasting ¡oles is of major interest to the

community and, of course, to the NASA scientists themselves,

and is key to maintaining a strong and imPartial Peer review

system. Another urgent issue is long-range technology

development, whose future has recently been clouded by the

apparent eradication of the Ofhce of Space Access and

Technology-

A complicating facto¡ is the departure over a period of a

few months of th¡ee of NASA's four senior science managers'

The Associate Administr¿tors for Life and Microgravity

Sciences and Apptications, Dr. Harry Holloway, and for
Mission to Planet Earth, Dr. Cha¡les Kennel, as well as tåe

Chief Scientist, Dr. France Cordov4 have reached the ends of
theû promised assignments and are retuming to academia.

Each deserves the real gratinlde of the community for
outstanding sewice during difücuh and often turbulent times,

as does Associate Administrato¡ for Space Science, Dr.

Wesley Huntress, who we are thankful is staying on.

So the sudden demise of the science institut€s could be

seen as an opportunity to redilect some of the momentum

behind this effort and make use of what was learned to devise

a cost-effective and sensible. science management plan for the

new NASA. Despite the change in science leadership and the

very steep learning curve which the new science management

team must climb, these issues desewe promPt and thoughtful

attention. The Space Studies Board stands ready to help.

Claude R. Caniz¡res

Chair

Board and Committee News

As the dog days of another Washington summer rolled in,

space scientists could rejoice in some successes, moum some

failures, and continue to puzzle over the future. To start with,

the budget picture, at least in the short term, was adequate

overall. The long-awaited budget for FY96 was fmalized

nearly seven months late ìtrhen President Clinton signed the

FY96 Omnibus APpropriations bill on April 25. At S13'903

million, the FY96 appropriation for NASA represented a

modest decline from FY95's $14,064 million (exclusive ofthe
sp€cial S400 million National Aeronautics Facilities line) The

linal ve¡sion of the FY96 package actually added $83 million

to the earlier confe¡ence bill for NASA Science, Aeronautics,

and Technology.
As the second quarter of 1996 ended, progress was being

made on the FY97 spending plan On June 26, the House

passed the VA-HUD-iA aPpropriations bill, signaling a Íìrrther

àecline in overallNASA spending to $13'604 million' Science

RecenflY Released
.Space Studies Board Annual Report-1995
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From the Chair

The concept ofbiodiversity took on vast new meaning this

summer with the announcement of possible evidence for ¡elic
biogenic activþ in a meteorite of Martian origin. The results

were made public in a press conference presided over by the

NASA Administrator and attended by the Director of the
National Science Foundation, whose agency co-sponsored the
research. The multidisciplinary team of investigators, led by
Dr. David McKay of NASA Johnson Space Flight Center,
presented a tutorial review of physical and chemical evidence

which, when taken all together, supports their conclusion that
primitive life existed on Mars some 3.6 billion years ago. All
the presenters urged caution about this interpretation, and one

outside expert sfessed that the exÍaordinary claim ofprior life
on Mars should not be accepted until the non-biogenic
alternatives have been fully exhausted.

The impact of these findings was hemendous. The
P¡esident and other major political leaders made statements,

front page stories appeared in virtually every newspaper, and

cartoonists and talk show hosts irreverently worked the topic
into their material. NASA immediately began a reassessment

of ìts plans, and the White House announced a space summit at

which adminishation and congressional leaders will discuss

future di¡ections fo¡ the nation's space program. A pre-summit
symposium will bring together a group of scientific experts to
brief the Vice President on major questions in space science

and to assess NASA's ove¡all program in these areas. The

Space Studies Boa¡d is an actìve pârticipant in the planning
and execution ofthis event.

The Board and its committees have long considered the
search for life's origins a major scientific goal. By happy
coincidence, a report titled Revíew of NASÀ's Planned Mars
Program was published v/ithin days of the press conference,
with recommendations that are very relevant for current
planners. Similar strategies have been or soon will be

completed in otïer areas of space science, and will form the

basis of discussion for the upcoming symposium. This
provides a heritage of deliberations about scientifically
sensible approaches to fl¡ture study, including the necessary
precursors to sample r€tum from Mars.

Outside of tabloids and late-night TV, the discussion
following NASA'S announcement has been decidedly
measu¡ed and balanced. Some of this may be driven by

scientific prudence, but it is surely also a recognition ofpresent
budget realities. Unbridled euphoria leading to grandiose new
projects is neither wanarted by the evidence nor likely to be

very well received by congressional appropriators. The New
York Times even editorialized suspicions that the whole thing
might be a carefully timed attempt to enlarge the NASA
budget-a charge the agency flatly denies. The symposium
and summit give NASA and the community an opportunity to
map out the high road.

The meteo¡itic evidence is actually only one part of an

accelerating interest in cosmic biodiversity. Recent successes

in establishing the existence of ext¡a-solar planetary systems,

after many years of tantalizing but inconclusive hints, are

likely to be multiplied many fold. NASA's new origins
program has laid out a roadmap for the detection of Earth-like
planets. Back in the solar system, the Galileo spacecraft has

retumed some remarkable images of Jupitecs moon, EuroPa,

which bolster earlier indications of possible ice-flows. These

pictures, which arrived shortly after the Mars announcement,

were less heralded but are similarly provocative as indicators

of possible biogenic conditions elsewhere in the solar system.

In this case, new evidence is forthcoming when the probe

makes a much closer encounter with Europa this fall.
Whatever the outcome of more detailed study of the

putative microfossils in this particular meteorite or from othe¡

investigations, the public reaction reminds us of what is
probably the most profound potential impact of basic research.

For the past several years, scientists have walked the halls of
govemment reminding policy makers that basic research is the

prerequisite for applied research and development leading to

new technology and new products. The events ofAugust show

that basic research also has the power to completely alter the

human psyche. Although many scientists have been convinced

for years that statistical considerations alone demand the

existence of pre-biotic conditions and biogenesis someplace

else in the vast universe, the difference bet¡r'een evidence and

hypothesis means everything to scientist and layman alike.

Recently Released

'Letter Report on Internet Access to AsÍronaut Data

'Review ol NASA's Planned Mars Program
.Letter Report on Scientifc Assessntent of NASA's Solar System Exploration Roûdmap
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Imagine the reaction if McKay and other experts had indeed
found the conclusive proof which removed existing doubts
about prior life on Mars.

The Martian microfossils, if confirmed, carry two
messages ofgreat importance to human civilization. One, that
life on Earth is not unique but ubiquitous, must affect our
world view as mo¡umentally as did the findings of Copemicus
or Darwin. Thìs, of course, is what filled most column-inches
in the press. The other message, however, is the observation
that life, shortly after it emerged on Mars, is likely to have

perished or at least been driven deep underground during some

unspecified global change on the planet over three billion years

ago. At a time when our own species is just beginning to
contemplate the possibility of its collective mortality, evidence

ofthe mass extinction of all species on our next-door neighbor
planet would change forever the \.vay we think and the way we
live-

Claude R. Caniz¿res

Chair

Board and Committee News

As all space researchers know, the third quarter of the
year is high noon for the budget process in Washington. There
couldn't be a more striking contrast than between the FY97
process this year and the situation one year ago. Last year,

contentious was the mood; this year it's been nearly collegial.
At least for the VA-HUD-IA bill, where NASA'S
appropriation is to be found, the path through the Congress to
the Wh¡te House was orderly and uncont¡oversial. P¡esident

Clinton signed it into law on September 26, well before the

fiscal year deadline-
Taken on the whole, NASA did well compared to the

Administration's request of $13.8 billion, experiencing a

reduction of only $100 million to $13.7 billion. But while a

predictable outcome can be seen as a favorable one in the

budget game, the result did contain some surprises.
As the bill made its way from House to Senate to

conference, several adjustments were made in the Science,
Aeronautics, and Technology (SA&T) account, where space

resea¡ch funds are book-kept. First, the House took $300
million out of the Administration's $1.4.billion request for
Mission to Planet Earth (MTPE). The Senate version gave it
back, but provided that the SA&T account be reduced by $100
million overall, at NASA discretion. This unspecified cut was
reduced in conference to S95 million, but a series of
"unfunded mandates" were inserted in the form of earma¡ks
for a total of $69 million. In the end, MTPE suffered a

specified cut of only $5 million for the GLOBE education
project. Program managers within the SA&T account now
need to identiry $164 million in reductions in ongoing and

planned programs. This might not seem like a lot out of a total
SA&T budget of nearly $5.8 billion, but most progÉms have
already been squeezed hard and avoiding real damage as these

cuts are made will offer a real challenge to NASA executives.

The classical space sciences progressed in many areas,
including the playback of fascinating new Galileo images of
Europa (which indicate past or even present existence ofliquid
water), possible evidence in an Antarctic meteorite of ancient
life on Mars, and the launch of the Fast Auroral Snapshot
Explorer (FAST). At the same time, the space laboratory
sciences we¡e confronted by new planning and budgeting
challenges. Difficulties experienced by the space station as it
sfuggles to stay withh the flat multi-year budget cap, imposed
after its last reconfiguratìon several years ago, have forced a

rethinking of existing science utilization plans. Because ofthe
development problems, additional funds are needed, and these

funds have been found in the research and utilization dollars
contained within the $2.1 billion fixed yearly space station
budget. Appropriation report language specifically provides

for "general transfer authority of up to Sl77 million" across

the firewall that was to have shielded these resources from
being diverted to development costs. While space station
development managers argued that without adequate resources

to buíld the station there would be nothing to utilize, the
proposed transfer of these funds leaves the laboratory science

programs with multi-year gaps in flight opportunities and

potentially very late delivery of crucial outfitting like the

centrifuge and related equipment.
Another major development at the end of the quarter was

release of the Administration's long-awaited National Space

Policy. Divided into major "guideline" sections for Civil,
National Security, Commercial, and Intersector issues, the
space researcher's attention is naturally drawn to the first.
Here the policy provides for focusing R&D on "space science

to enhance knowledge of the solar system, the universe, and

fundamental natural and physical sciences; Earth observation
to better understand global change and the effect ofnatural and

human influences on the environment; human space flight to
conduct scientific, commercial, and explo¡ation activities; and

space technologies and applications . . . ." The Civil section
goes on to elaborate, endorsing the Intemational Space Station,
project demonstrations for next generation launchers, space

and Earth science, and technology. The subsection on space

and Earth science is strongly weighted toward solar system

studies: of four goals specifìcally cited, thrêe deal with planets

and other bodies in our own and other solar systems and the

last supports the Earth Observing System. Neither space life
sciences, materials and fluids ¡esearch in microgravity, nor
astronomy or cosmology are specìfically mentioned. Further

on, in the Intersector section, guidelines are provided for
international cooperation, and outer solar system researchers

will be heartened to note the provision that the Department of
Energy "maintain the necessary capability to support space

missions which may require the use of space nuclear power

systems."
The Space Studies Board did not meet during the third

quarter; its Executive Committee and most of its discipline
committees and task groups did, however. Brief accounts of
these meetings follow.

. The Executive Committee oflhe Space Studies Board

and some additional Board members met at the J. Erik Jonsson
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' For probably the fust time in its long history, the Indian

Treaty room in the White House complex was filled with talk of
space science for nearly th¡ee hours last month. The occasion

was a symposium presided over by Vice President Al Gore and

attended by eighteen scientists, two religious leaders, and public

TV's Bill Moyers. NASA Administrator Daniel Goldin and

several other senior officials also took part. The discussion

centered around a white paper and briefing book, The Search

for Origins (http: //tvww.hq.nasa. gov/ofice/codez/updates. htmÐ,

prepared for this occasion during a workshop in October

attended by a still larger group under the joint auspices of the

Space Studies Board and NASA's Space Science Advisory
Committee. Dr. Anneila Sargent, chair of NASA'S Space

Science and Applications Committee, and I were co-leaders of
the activity.

The principal charge to the October workshop from

Presidential Science Advisor John Gibbons was to assess major
questions in space science today. Over the course of three days,

the diverse workshop group ofastronomers, Planetary scientists,

and biologists, many of whom had never met before, came to

the realization that their several scientific disciplines were

converging on a core theme of "Origins." Last summer's

announcement ofpossible evidence for past life on Mars, \ryhich

catalyzed the symposium, is only one of many recent results
.that trace key events leading from the Big Bang to the
,emergence of life.

One important note is that our definition of Origins
includes, but goes well beyond the one heretofore used at

NASA, where the term refened to one of fou¡"science themes"

.in the Office of Space Science (OSS). In our usage, Origins

conlrects exobiology and the search for planets to the origin of
slructure in the universe, the origin of galaxies and stars, the

origin of the chemical elements, solar and stellar influences on

,planetary habitats, and so forth. The k€y finding of the

workshop was that so many different fields spanning all four
OSS "themes" (and possibly more) are converging toward this

core question. At the same time, there was ample recognition

that the Origins concept does not encompass every important
problem of current space science-which is why strategic

planning and peer review must continue to set programmatic
priorities.

There we¡e also other areas of broad agreement that I
commùnicated to the Vice Presidenf in my opening remarks:

. First, that answers to many of the questions are within
our grasp, and we can expect the next steps to yield major
progress over the coming years;

. Second, that it is not one, single, big st€p that is

needed, but a portfolio of mo¡e moderate stePs that will advance

us sequentially, simultaneously and synergistically across the

wide scientific f¡ontier ofthis quest. The recent launch of Mars

Global Surveyor and the upcoming Hubble servicing mission

are two good examples;
. Third, that the cuÍent space science program is

basically already going in the right direction to give us the

answers we seek. We need to keep the momentum, keep

pressing forward, and, of course, maintain coordination with
other agencies and with intemational partners; and

. Fourth, but by no means last, is the realization that this
quest can capture the public imagination liké no other. The

wide impact of even the tentative reports about fhe Mars rock

last August, $'e believe, demonstrates the power ofthis question

to engage the public.

Through most of the symposium, Mr. Gore-seeded the

conversation with a series of well-informed questions, ranging

from sharply focused queries about the relevance of complexity

theory or about early life-forms based on RNA to the broader

philosophical and religious implications of possible life on

Mars. In a statement issued to the press at the conclusion of the

symposium, he characte¡ized the discussion as"exhilarating and

thought-provoking." I think that all the participants would
agree-not only because ofthe event itself, but also because in

the process many of us had achieved a new understanding ofthe
connections between our various disciplines, the compelling
power of this unifying theme, and the potential for substantial

future progress.

Claude R. Can¡zares

Chair

' Letter Report on National Space Biomedical Research Institute (October 10)
. Letter Report on NASA Mars Sample Retum Mission Options (December 3)

. The Seqrchfor Origins: Findings ofa Space Science lI/orkshop (executive summary)
. Assessment of Recent Changes in the Explorer Program (executive summary)

.. Radiqtion Hazards to Crews of Interplanetary Missions: Biologica! Issues and Research Strateg¡es (executive summary)
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The President's budget request for FY98 provokes what
Gilbert and Sullivan might have called "modified rapture."
Reversing a four year trend of ever decreasing outyear
projections, the cur¡ent NASA budget would decline only
slightly from $13.78 in FY97 to 513.28 in FY00 and then stay
fixed. While not expansive, this is f better than last year's
projecred decline ro S11.68 by FY00.

The biggest sigh of relief came from the space scientists.
Because expenditures for things like space station, shuttle
operations and the Earth Observing System (EOS) are roughly
fixed for the next several years, the sharp reductions forecast in
last year's budget totals spelled serious trouble for space science.
This danger prompted Senator Barbara Mikulski to call for a

space summit between the Administration and Congress. In
contrast, the new budget has space science increasing a tiny bit
over the next five years. This means that funds currently going
to finish the development of the major missions, Cassini and the
Advanced X-ray AsÍophysics Facility, will become available for
new missions starting in FY98.

The space science budget specifìcally highlights
enhancements to the broadly defined Origins program, which
deals with the origin of the universe, planets, and life. Origins
was identified as a core theme at the Vice President's space

science symposium last December, which the Board helped
organize. Included among other important elements is a start for
the Space Infrared Telescope Facility, development of
interferometry on fhe ground and in space, a regular program of
exploration of Mars leading to sample retum in 2005, an

enhanced exobiology program, and a yariety of technology
development efforts to enable future missions.

The budget of Mission to Planet Earth (MTPE) also grows
slighdy in the current request, allowing EOS to proceed on
;chedule, Landsat development to continue, and a series of PI-
class Earth System Science Pathfinders to be initiated. The frst
two ofthese missions havejust recently been selected.

The situation for the Office of Life and Microgravity
Sciences and Applications (OLMSA) is much more problematic.
The OLMSA budget line itself will continue falling for another

¡ear, fiom $300 million in FY96 to $214 million next year,
reflecting the ramp-down of shuttle-based flight programs. It
then climbs to a¡ound S250 million through FY02. But this is not
the whole story, because a subsfantial piece of OLMSA ftnding

is contained in the Intemational Space Station (ISS) program
budget. Last summe¡, NASA announced the need to divert much
of these utilization funds to solve problerns in ISS development,
promising to return them in later years. This widening gap

between the waning shuttle program and the eventual utilization
of station is causing great concem in the communþ.

Furthermore, one carnot forget that a level budget means

something close to a 20% decline in buying po\¡/er over the next
five years, causing great pressure even in space science and
MTPE. The hope and expectation a¡e that the efficiencies and
new technologies of the faster-smaller-cheaper approach to space

research will more than compensate for thìs decline. In other
words, space research productivity must grow at least as fast as

inflation. Achieving this is stilt a major challenge for NASA as

well as for ürdustry and the university community. EOS and its
data system are again being scrutinized, for example. It is
essential to recognize that some budget items will be ¡esistant to
productivity improvement, particularly those that are largely
constrained by brain power, like research and analysis (R&A)
and data analysis. Flat-lining every subcategory will not be
prudent management.

On balance, the current budget request is a clear message

from the Administration that NASA is not in free fall and that its
research programs are part of what tbe President called an

investment in "the age of science and technology." If Congress
supports the request, not just this year but over the next several
yearsr r¡r'e might be entering a new phase of stability in which
more energy can be put into scientific excellence and
productivity and less into budgetary skirmishes and replanning
exercises.

Claude R. Canizares

Chair

Board and Committee News

As usual, the space science news of the first quarter in
Washington is dominated by the budget story. As Board Chair
Claude Caniz¿res noted above, this year the news was good, as

the precipitous decline in NASA's outyear forecast disappeared
in favor of a nearly flat profile for the agency as a whole. While
the glass may not have been 100% full-as some observers noted
that the gentle downward slope did not account for inflationary

. An Àssessment ofthe Solar and Space Pþsics Aspects of NASA's Space Science Enterprise Strategic Plan (stmmary)
. Mars Sample Return: Issues and Recommendations (executive summary)

, Space Weather: A Research Perspeclrv¿ (World Wide Web report)
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From the Chair

At this witing, the rover Sojoumer is creeping across the
surface of Mars to examine a bear-shaped rock nicknamed Yogi.
The Pathfinder mission was meant to chart a new course in
faster and cheaper planetary exploration, which it seems to have
done admirably. This return to Mars closes a hiatus of two
decades. What remains to be seen is whether it may also renew
interest in ending the'still longer hiatus in human exploration
beyond low Earth orbit.

The good news for advocates of human exploration is that
public inte¡est in Pathfinder, now aptly named Sagan Station, is
high. The bad news is that tolerance for large government
expenditures is still very low. Past attempts like the Space
Exploration Initiative and the Human Exploration Initiative,
bumed on the political launch pad, never leaving the ground.

The challenge for advocates of human exploration is to
extend the Pathfinder concept to human space flight. Ofcourse,
it is far easier to be innovatiye and take ¡isks when the cargo is a
robot. The nea¡-disaster faced by astronaut Mike Foal and his
Russian crewmates on the crippled Mir is a reminder of the
dangers of space trave! and of our society's low tolerance for
risking the lives ofastronauts.

Historically, transitions from one major space program to
another have been difficult. The transitions from Apollo to
Shuttle and from Shuttle to Station were both wrenching, with
signifìcant negative impact on the agency and on activities like
space science. Thé impossibility of starting a major human
exploration program on the heels of the space station may be a
blessing, even for those eager to get on with it. What would
make sense is a modest program of innovative scientific and
engineering research that would enable human exploration at
significantly reduced cost. Rather than defining a timetable for
retuming to the Moon or setting sights on a crewed mission to
Mars, this should be the long-term goal of a moderate level-of-
effort program, the "go-as-you-pay'' philosophy that the
Augustine Committee wisely recommended at the beginning of
the decade.

Congress has been cool to talk of human exploration and
suspicious of even small studies of future possibilities,
perceiving them as the noses of a herd of giant camels lurking
just outside the tent. If the success continues with pathfinder

and next with Mars Surveyor, which is due to begin mapping rhe
red planet this fall, and if Mir maintenance and space station
development a¡e kept in hand, this might be the time to begin
modest, rational planning for fuhÌre human exploration.

Claude R. Ca¡izates

Chair

Board and Committee News

"Steady as she goes" seemed to be the watchword in the
space program during the second quarter of 1997. The Fy98
budget request, characterized on February 6 by Administrator
Daniel Goldin as "stable funding for the next five years," made
positive progress in the Congressional approval cycle. Even
though NASA's total request was I.57o below rhe Fy97
appropriation, a dip in the space laboratory sciences proposed
\,vas compensated by small increases in space science and
Mission to Planet Earth (MTPE), so that the science total was
essentially flat.

On May l3-16, the Office of Space Sciences (OSS) held its
scheduled strategic planning retreat in Breckenridge, CO; Board
Chair Claude Canizares and several committee chai¡s attended
for the first day in order to report NRC science priorities to the
gather¡ng of NASA officials and members of OSS's advisory
committees. After the departure of Board representatives, retreat
participants I worked to develop an updated OSS strategic plan
for the next five years. The Boa¡d has been formally asked to
assess a draft of the plan, and will take it up at its next meeting
on July l6 at the Johnson Space Center in Houston, Texas.

As part of the first Mission to Planet Earth biennial review,
the review's extemal panel was briefed in early June on NASA'S
plans to rephase the capabilities of the Earth Observing System
Data and Information System (EOSDIS) and to ¡etain the
baseline spacecraft plan for the CHEM-I mission. Contractor
progress on the EOSDIS and the possibiliry of breaking the
CHEM-l instrumentation complement among smaller spacecraft
had surfaced as issues due to critical recommendations
developed earlier in the year by the MTPE office's internal
advisory committee.

As the generally tranquil quarter drew to a close, there were
dramatic events aloft. A tengthening list ofproblems for the Mir
space station was headlined when a departing Progress resupply

. A New Science Strategt for Space Astronmy and Astroplqtsics
. Lessons Learnedfrom the Clementine Mission. Reducing the Costs ofSpace Science Research Missions
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The third quarter began with a thump as the diminutive Mars Pathfinder bounced to rest 
on a rubble strewn plain, mid-latitude on Mars. After a brief delay while mission 
controllers gingerly unloaded the shoebox-sized rover from the open petals of the descent 
module, the world was fascinated by a stream of images as the rover, named Sojourner, 
crept around the surface imaging and sampling rocks with its alpha-proton-x-ray 
spectrometer. Perhaps even more remarkable than the technical and scientific feats of the 
mission was the inauguration of a new era of truly public exploration of space. Web users 
around the world accessed promptly posted images and reports on numerous mirror web 
sites; according to NASA, a record hit total was set on July 8, when 47 million hits in a 
single day doubled a previous daily record from the 1996 Atlanta Olympic Games. At the 
end of September, having depleted its batteries and exceeded its original 7-day primary 
mission design by nearly three months, Sojourner set out on an extended walk-about on 
solar power alone to continue imaging the landscape. Meanwhile, overhead, Mars Global 
Surveyor made Mars orbit on September 11 and began making ground-breaking 
magnetometer measurements as it aerobraked its way into a circular orbit.  
 
The new strategy for "smaller-faster-cheaper" flight missions based on innovative 
technology has always acknowledged a dark side—acceptance of increased risk of 
failure. The unhappy reality of this tradeoff was experienced when Pathfinder's brilliant 
success was offset by the disappointing failure of the Lewis Earth observation technology 
satellite. The payload consisted of two high performance imaging spectrometers intended 
to advance both scientific and commercial applications of Earth remote sensing. 
Conceived as a testbed for new procurement approaches and a host of new technology 
subsystems, Lewis was successfully launched on August 22 by the Lockheed Martin 
LMLV-1 launch vehicle and entered a nominal circular orbit. During checkout four days 
later, however, the spacecraft went into a slow spin that allowed its batteries to discharge. 
Despite repeated attempts to contact the spacecraft, it reentered on September 28.  
 
During the last month of the quarter, controversy erupted over continued U.S. 
participation in the shuttle-Mir program. According to plans, astronaut Michael Foale 
was to be replaced on the Mir space station by another U.S. astronaut. Questions arose, 
however, about the wisdom of sending another American to the aging space station, 
which over recent months had experienced a partial depressurization and a series of fires, 
oxygen system failures, and main computer outages. The dispute came to a head in early 
September with release by the NASA Inspector General of a report that NASA was 
overlooking safety issues in its desire to complete the full shuttle-Mir series. During a 
House Science Committee hearing on September 18, Inspector General Roberta Gross 
expressed concern about the independence of the program's formal safety review and 
about a perception that legitimate reservations within the agency might have been 
suppressed by management commitment to program goals. Although several outside 
witnesses at the hearing shared her concerns or felt that enough goals of the program had 



been achieved to warrant its discontinuation, NASA assured the committee that all safety 
issues had been fully considered. On the morning of September 25, after weighing 
supportive findings of four separate safety reviews, Administrator Daniel Goldin 
announced the decision to proceed, and astronaut David Wolf lifted Mir-bound into space 
on Atlantis later that day.  
 
Several other events during the quarter deserve note. Launched on August 1 on a Pegasus 
XL, the Sea-viewing Wide-Field-of-View Sensor (SeaWiFS) began delivering long-
awaited ocean color data. These data will be used for environmental and ecology studies 
of the ocean. The mission is also significant because of its innovative funding and 
management arrangement. SeaWiFS is a commercial enterprise, flying on an Orbital 
Sciences Corporation spacecraft that was not specified or funded by the government; 
NASA only specified and agreed to purchase certain data, if available. SeaWiFS is to 
provide successor data to the Coastal Zone Color Scanner of a decade ago.  
 
Investigators of the ESA-NASA Solar and Heliospheric Observatory (SOHO) announced 
the discovery of plasma currents beneath the surface of the Sun. Resembling jet streams 
on Earth, these currents may help explain the familiar, but still mysterious, phenomena of 
solar cycles and solar activity. Ultimately, improvements in our understanding of solar 
variability could lead to progress in dealing with its consequences for communications 
and power distribution networks on Earth.  
 
The Near-Earth Asteroid Rendezvous (NEAR) spacecraft, like Mars Pathfinder a member 
of NASA's new family of small Discovery missions, detected a strong cosmic gamma-ray 
burst. Designed to perform geochemical measurements at the asteroid Eros on arrival in 
1999, NEAR's instrumentation was upgraded in-flight with new software to be able to 
detect and report gamma-ray bursts. This capability is significant because of the 
extension of the triangulation baseline that NEAR's trajectory adds to other gamma-ray 
detectors in low-Earth orbit; the longer baseline, which allows better determination of the 
direction to bursters, may help researchers identify these mysterious objects and 
subsequently understand where and what they are.  
 
Closer to home, readers may remember that the Board sent Associate Administrator 
Arnauld Nicogossian, of NASA's Office of Life and Microgravity Sciences (OLMSA), a 
letter on July 8 expressing concern about the prospect of a protracted hiatus in flight 
opportunities for the space laboratory sciences during the years of International Space 
Station assembly. In a letter of reply on August 7, Dr. Nicogossian related planning 
underway to mitigate this problem. According to this planning, NASA is contemplating 
flying three additional shuttle research missions in the timeframe 1998-2001. These 
"transition" missions would begin in October 1998 and feature a commercial pressurized 
carrier module offering 55% allocation to NASA objectives. Two additional flights 
would follow, with expanded opportunities for research in life and microgravity sciences. 
 
Claude Canizares 
Chair 
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In 1993, the NASA Advisory Council issued a report of its Task Force on NASA-
University Relations. This group, on which I served, was chaired by Steven Muller, 
former president of The Johns Hopkins University. Of course, there is a great deal that 
was, and is, right about the partnership between NASA and universities, which, together 
with industry, are the major participants in the civil space enterprise. But the Task Force 
found "widespread, though not universal, agreement within NASA and throughout the 
related university community that serious strains have become apparent in the NASA-
university relationship." Some of the strains seemed endemic, having been noted by other 
groups that considered this topic over the previous 30 years. Others could be attributed to 
understandable differences between the goals, needs, and styles of research universities 
and a large government agency. Differing perceptions often seemed to loom as large as 
specific tangible issues.  
 
It is fair to say that the report did not engender wholesale changes in NASA-university 
interactions. This is partly because such issues are very resistant to attack, but also 
because of an accident of timing: the recommendations were delivered just as 
Administrator Daniel Goldin was taking charge and initiating wholesale changes to the 
agency, many of which are still underway. Some changes, of course, also alter the 
NASA-university relationship directly, as in the case of the establishment of a National 
Space Biomedical Research Institute, or indirectly, as in the reassignment of some 
responsibilities from NASA Headquarters to field centers or moving the bulk of 
technology funding into the Office of Space Science. On this latter topic, Congress 
included language in the 1998 NASA appropriations bill concerning the fraction of 
advanced technology development funds for which the outside community can openly 
compete, which clearly touches on NASA-university relations.  
 
One observation of the NAC Task Force that remains valid is that NASA and the 
universities are strongly interdependent, each relying on the other for items essential to 
their wellbeing (like a well-educated workforce for NASA and sponsorship of research at 
universities), and to that of the nation's scientific and technical capability. In these times 
of limited resources, it is especially important that the partnership work as well as it can. 
This, in fact, is the law. NASA's charter, the Space Act of 1958, mandates the agency to 
achieve "the most effective utilization of the scientific and engineering resources of the 
United States."  
 
At our fall meeting, the Space Studies Board discussed various aspects of the NASA-
university interaction, with participation by Edward Stone, director of the Jet Propulsion 
Laboratory, and Alfonso Diaz, deputy director of Goddard Space Flight Center. We are 
now working with NASA to identify specific issues that could benefit from further 
examination, including the one raised by Congressional appropriators. The Board's 1995 



report, Managing the Space Sciences, touched on some relevant topics but many of us 
feel that more focused attention is warranted, especially in the context of the changes at 
NASA. So I intend to keep this topic on our agenda and would welcome any thoughts or 
comments.  
 
Claude R. Canizares 
Chair  
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The President's budget for fiscal 1999 has much for space

scientists to be hapþ! abbui. "First, it iS bal¿ñced.' Whatever

one's view of deficit spending, this certainly eases the budget's

reception in Congress. Second, the spending plan includes a

"2lst Century Research Fund," with increases across the R&D
agencies. Third, although NASA'S budget actually declines

slightly in 1999, it is significantly above some earlier projections

a¡d remains so for the next s€veral years-

The news is best for the Space Science Enterprise. For the

first time in recent memory, the budget projections appear

adequate to support the spectrum of missions called for in the

latest strategic plan for exploring the solar system and tbe

universe. The Office of Earth Science numbers are, like those in

space science, roughly unchaaged from the present year, but
they fall below last year's projection. The budget for tbe Office
of Life and Microgravity Sciences and Applications (OLMSA)

is at least restored to its 1997 level after a dip in the current year,

and then rises slightly.
There are, of course, things to watch and worry about, even

beyond the usual concerns about how the proposals will fare

during the Congressional aPpropriations process. Like other
parts of NASA, the three science offices and the research

communities they serve must achieve significant efficiencies in
development and operations costs in order to live within their
proposed means, which at best will just keep up with inflation.
Mission costs for space science have already been substantially

reduced, but the abilþ to conduct the key programs in their
strategic pla¡ depends on the adequacy and efficacy of curent
allocations fortechnology develoPment. Efficiencies necessary

to meeting the goals of Earth science, particularly implementing

the next phases of the narth Obsewing System using much

smaller spacecraft, seem plausible but are yet to be fully
established. Most problematic is the situation in OLMSA.

Financially, the program seems to lack reserves. T\ryo shuttle

flights, one later this year and another two years after, are all

there is to frll the gap in resea¡ch opportunities until space

station can be effectively utilized, an eventuality that continues

to creep further into the future.
Station woes could, of course, have serious consequences

for the entire agency. The increased costs already identified

have taken a major toll on the budget for Aeronautics in this

year's submission, and continue to squeeze OLMSA, which sits

in the same budget category as the station' So far, the hits on

space science and Earth science have been relatively modest.

The question is how the agency, the administration and the

Congress will handle the next r¡r'ave of cost gowth, which now

seems almost inevitable and which could amount to several

- hundred--4illion lo_llars p-er year_.for some years to come.

ln November, 201 members of the House signed an

extrao¡dinary letter to Speaker Gingrich expressing strong

bipartisan support for NASA. They called NASA "the symbol

of our nation's preeminent scientific leadership in the

international community. NASA makes importa¡t investments

that probe the boundaries of our scientific, medical and

engineering knowledge, as well as motivates and inspires our

children a¡d educators." Let us hoPe that this spirit will prevail
throughout the budget process and the wrangles over space

station.
A fer¡,/ weeks ago, I had the privilege of attending a lecture

by Stephen Ha\üking at the White House, one of the Millen¡ium
evenings organized by the First Lady. Hawking's talk vr'as an

inspirational evocation of the promise that science a¡d
technology can hold for the next millennium. When .my tum
came to say a few words to the Presìdent at the sùbsequent

reception, i -rhanked him for his inveshnent ir research,

including space research, in this year's budget. He replied that

he saw it as a beginning and hoped a strong economy ' ould
permit further investments next yea¡.

The President's budget, his remarks and the bipartisan

Congressional letter are heartening signs that the impact of our

¡esearch and our efforts to communicate it to the public and our

elected ofhcials have not gone unnoticed. But this is no time for
complacency. We must continue to set both lofty goals and

thoughtful priorities, to produce the kind of cost-effective

research results that justiry the levels of public expenditure we

receive, and to disseminate those results widely and responsibly.

Claude R. Ca¡izares
Chair

Board and Committee Ne\üs

In his column in the December 1997 Bulletin, lnlerim
Director Noman Metzger referred to the Past year as "a
watershed year," and indeed it was. And of course, 1998

promises to be no less exciting- We have already seen the

successful orbitâl operations of Lunar Prospector, which have

yielded remarkable new data about water in the polar regions of
the Moon. We can look forward to launches of the Transition

Region and Coronal Explorer (TRACE) to join SOHO to study

Letter Report on ESA's FIRST and Planck Missions (February l8)
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Reproduced below ß the foreword written by Dr. Claude R.

Canizares (Board chai) and Profs. François Becker (European
Science Foundqtion's European Space Science Committee

[ESSC] chair through November ] 997) and J. Leonard Culhane
(current ESSC choir) from U.S.-European Collaboration in
Space Science, q joint report of the Space Studies Board's
Committee on International Space Programs and the ESSC. The
report was released on June 30.

Photographs of Earth from space show no political
boundaries, reminding us that national distinctions are
manmade. But the agencies responsible for those pictures, other
missions to Earth o¡bit, and probes to deep space are inevitably
national or multinational. Each has its own set of constituencies,
procedures, capabilities, and limitations.

The¡e are great benefits from finding ways tlose entities
and their respective resea¡ch and industrìal communities can act
cooperatively, as has been âmply d€monsiiaied by ríany
successful examples of international cooperation in the space
;iences. Beyond the cultural enrichment that comes when

teople of different nations work together for a common goal,
those benefits include the potentially richer scientific yield from
shared expertise ald broader political and fmalcial support.

Joint activities between the National Aeronautics and Space
Adminisftation in the United States and the Eüropean Space
Agency or individual European national space agencies have
resulted in some of the ìvorld's most successfr¡l space science
missions, and more joint efforts are being plamed. But
inevitably, some attempts at tansatlantic cooperat¡on are more
successful than others. Sometimes difficulties arise as they
would in any large, complex technical undefaking, whether
national or multinational. At other times, however, the
additional complications of intemationalism itself can cause or
exacerbate those diffi culties.

We believe that improving the likelihood of successful
U.S.-Ewopean cooperation is a worthy goal that can enhance the

space programs and benefit the peoples of all participating
nations. This benefit is clearest in the case of the Intemational
Space Station, the largest multinationaì undertaking of its kind.
Its success depends entirely on the cooperation of the United
States, Europe, and the other major partners. We think
improving intemational cooperation can also enha¡ce more
modest space missions that study Earth, explore the solar
system, or probe the cosmos.

This joint report is itself an exercise in intemational
cooperation. The Space Studies Board of the U.S. National
Research Council and the European Space Science Committee
of the European Science Foundation are charged with advising
their respective space enterpdses. Our charters, procedures, and
operating styles are not identical. Yet we have a long history of
fruitful interchange and a shared vision of science as a global
activity, and this understanding provided a natural cont€xt for
this study.

It is our hope that this report will help make future
cooperative ventures in space science more successful than ever.
Some of the conclusions may be relevant for those planning
international ventures in other areas as well. We plan to
continue ourjoint dialogue and hope to extend oul deliberations
to include colleagues in other major space-faring nations. We
are confident that the spirit of shared human inquiry that has
characterized science throughout history will continue and grow
stronger on the high frontier ofspace research.

Board and Committee News

On June 27, 1958, some three months before the formation
of NASA, a group of 17 scientists assembled in New York for
the first meeting of the Space Science Board. Over the next four
months, the new Board initiated the process of open solicitation
and competitive peer review for selection of research
investigations in space science, defrned the role ofthe Principal
Ìnvestigator in such investigations, established the füst set of
discipline committees to carry out the work of the Board, and
sketched out the frrst "decadal strategy" for the space sciences.

. Report ofthe lI/orkshop on Biologt-based Technologt
to Enhance Human Well-being and Function in Ertended Spqce Exploration, pg. 5

. The Exploration ofNear-Earth Objects,pg.S
. Exploring the Trans-Neptunian Solar System, pg. 9

. Develoryent and Application of Small Spaceborne Synthetic Apernre Radars, pg. 12
. Letter Report on Climate Change Research Measurements from NPOESS (May 27), pg- 15

. Readiness for the Upcoming Solar Mrnimum, pg. 18
. U.S.-European Collaboration in Space Science, pg. 20

. Space Studies Board Ànnual Report-l 997 , pg. 23
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NASA passed ifs 40th birthday this October I. For a
person, tuming 40 is a notable milestone, a time of celebration
and of introspection. The joys and satisfactions of four decades
of growth and accomplìshments are often tempered by a good
measure of mid-life crisis. ln its own way, the agency may be
experiencing some of the ambivalence which many people feel
when greeting the onset of middle age.

There is cenainly much for NASA to celebrate. John
Gìenn's imminent return to space is itself a symbol of the most
intrepid and heroic events of our history in space. What was
most remarkable about Glenn's first orbits of the planet nearly
37 years ago we¡e that they happened at all. The same is nue of
his repeat flighr in space at an.age when many fìnd challenge in
a flight of stairs. The space sciences, epitomized at present by
the continual discoveries of Hubble and ou¡ renewed exploration
of Mars, have grown into a mature and well established
enterprise. Earth observations from space are in a mo¡e
formative stage but promise to make major contributions to
civilization through understanding of global change. The
emphasis on smaller missions with shorter development times is
injecting youthful vigor ¡nto many parts ofthe agency.

Other aspects of NASA are more problematic. In contrast
1o a lenewed alacrity in space and earth sciences, the manned
program is enmeshed in the largest and longest program in the
history of the agency, the Inlemational Space Station. Beyond
the sheer scale and complexity of this endeavor are the
troublesome dependencies on Russian contributions of key
hardware and logistical suppof and on our own aging shunle
fleet. The current schedule for station construction and suppon,
one sure to change, shows a steady barage of launches
averaging 18 a year for five years. Even at this rate it will be
2003 before significant research can be done the¡e. Meanwhile
opportunities in life and microgravity sciences will remain
limited.

Public support ofspace is hardly as robust as it v,,as 40 years
ago, as symbolized by the relative indifference 1o NASA's
birthday in the press. Many attribute this inattention to changing
national interests after the end of the cold war, which in those
early years gave urgency to space progress. But NASA is
suffering more than othet research agencies in terms of public
sùpport and budget. The diffuse and poorly understood goals of
our current space program must be a factor. One wonders if the

orbital equivalent of ground breaking for space srarion will
cbange that, and whether the change will be positive or negative.

The Space Studies Board celebrated its own 40th earlier this
spring, the first meeting of the board having preceded the
formation of NASA by three months. Whether jusrifiably or
not, we seem to be entering our own institutional middle age
with ¡easonable equanimity. ln reviewing this past year, we
have published I I reports on a wide range offopics. More rban
180 scientists took part in activities of the board, its committees
or task groups. (It \das particularly satisrying that Dr. John
Simpson, one of the original members at that first meeting in
1958 ended another three year term at our anniversary meeting
this June). A recent review by our parent Commission at the
National Research Council gave us generally positive marks for
effectiveness and timeliness, while also suggesting areas for
improYement.

It is unclear to me whether or not the Board can help
aniculate a sharper vision of the space program. As a tentatiye
start, we do plan spend some time at our next meeting sketching
possible futures for space research in, say, the year 2025. This is
beyoDd the current planning horizon but near enough to
discourage the wildest kind of speculation. I'am rvell aware rhat
none ofthe distinguished panels and commissions that attempted
to formulate goals and visions for space over the past two
decades has had iastìng impact. But until one of these is more
successful, it is likely NASA will continue to feel the acute
malaise of its middle-age.

Claude R. Canizares
Chair

Board and Committee News

Proerâm Hishlishts

The past quarter was notable both for the continued flow of
new scientific developments and for its share of drama and
suspense, some of which was unique and some of ìvhich was
recurring. In space science, we saw Galileo yield new insights
about the origin ofJupiter's rings and new hot volcanic vents on
lo, while Mars Global Surveyor produced new data on a deep
layer of dust on Phobos, and analysis of Lunar Prospector data
led to improved estimates ofsubstantial water ice deposirs at the
Moon's poles. ESA's Infrared Space Observatory detected a new
population of primeval galaxìes in the early universe; HST

. A Strategy for Reseârch in Space Biology and Medicine in the Nerv Century, pg. 6
. Evalüating the Biological Potential in Samples Returned from

P¡anetâry Sâtellites and Small Solar System Bodies, pg. 9
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The first elements of the lntemational Space Station are

now in orbit. The launches that got them there also launched a

new epoch for NASA, one that is likely to be as distinct as the

Apollo or Shuttle eras and as different from either as they are

fiom one another-
The sheer scale of the Station as a multi-national endeavor,

as a flight project and as an orbital structure dwafs anything that
preceded it. Consider, for example, the 87 U.S. and Russian
launches and nearly 1000 hours of space walks required during
the five y€ construction period, or the 360 foot wingspan and

nearly half million kilogram mass ofthe final assembly. No one

who has walked around and through the full-sized mock-up at
Johnson Space Center can fail to be impressed with the
magnitude of this undertaking.

Awesome as these features are, they fail to capture some of
the more subtle factors that might be even more important for
the future ofthe space agency. These include the magnitude of
ongoing space station cp€raticns fcr at least the next hryo

decades, the heightened vulnerability to an aging shuttle fleet,
ì imperatives for assuring adequate future launch capability

-Jr cre\rys and cargo, the risks associated wjth technical or
programmatic difficulties, ¡eliance on international partners and

need for uninterrupted public and political support. All in all,
the constant attention demanded by having such a major asset in
Earth orbit, magnified manyfold, of course, by the expectation
that it will be permanently inhabited, introduces a continuing
and sustained level of urgency sure to affect the entire agency.
And all this is happening at a time ofdeclining NASA budgets.

At its best the station could become what the proponents
suggest: a triumph of engineering on the high fiontier, a model
of intemational cooperation, a useful laboratory for some aspects

of physiology, biology, physics and technology, and the place
whe¡e we leam enough about long duration space flight to
enable futu¡e human exploration of the sola¡ system. One might
even see the beginnings of some commercial ventures. At its

worst, according to the debactors, the station could become a

technical, programmatic and budgetary nightmar€ with limited
scientific retums, causing divisions among the partners and

indifference or a¡tagonism from the public. The truth will
surely lie somewhere between these two extremes, but it is hard

not to think of the sacred white elephants, given as gifts by the

King of Saim 1o obnoxious courtiers in hopes the cost of upkeep

would ruin them.
However this plays out, those first space station launches

have set in place long term management and poÌitical challenges
to N,ASA's leaders, to their govemment overseers, and to the
whole space community {hallenges that are at least as tricky as

the technical ones faced by the engineers and ashonauts
responsible for consFuction and maintenance. For better or for
worse, this mission is now underway.

For it's part, the Space Studies Board continues to folìow
attentively the plans for conducting research on space station
and to put forward recommendations aimed at making sure that
it is of high quality (although the Boa¡d has always maintained
that the research retums are not in themselves sufficient to
warrant the cost ofthe facility). The recently released report, I
Strategt for Space Biologt and Medicine in the New Century, is
a notable example of the Board's advice on priorities and
princìples for research in space laboratories. Furthermore,
NASA has just requested that we consider possible institutional
ar¡angements for conducting the ove¡all research program in the
most effective manner. Our hope is that reports such as these

will help address at least a few of the challenges that lie ahead-

C¡aude R. Canizares
Chair

Board and Committee News

Prosram Hishlishts

The fourth quarter of 1998 was marked by a number of
milestone events for tbe space sciences. Among them was the
launch of Deep Space-1, the fìrst of the New Millennium
Prograrn series of missions to validate advanced flight mission
technologies. DS-l will serye as a test bed for a dozen new
technologies, including sola¡ electric ion propulsion,
autonomous optical navigation and spacecraft operations
systems, and miniaturized instrument systems for use during an

asteroid flyby in July 1999. On Dec. 5, the Submillimeter Wave
Asfonomy Satellite (SWAS), one of the frst three Small
Explorers selected in 1989, was launched to begin its mission to
exploit the 0.5-0.6 mm \.vavelength band to study star formation
regions in our galaxy. The SWAS team involves investigators

. Supporting Research and Data Analysis in NASA's Science Programs, pg.5
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Reproduced below is a stalemenl prepared for presentation
to the Subcommittee on Space and Aeronaulics of the House

Committee on Science on Februory I I , 1999. AIso participating
in thal heqñng were the NÀSA Àssociale Adminßtrqlors for
Space Science, Eqrlh Science, and Life a1d Microgrqvity
Sciences and Applications.

Mr. Chairman, Ranking Minority Member, and members of
the committee. I am an astrophysicist fiom MIT, and I appear

today in my capacity of as chair of the Space Studìes Board of
the National Research Council,

Last October, the Board published a report entitled
Supporting Research and Datø Analysis ín NASÀ's Science

Programs. Your invitation indicated that my testimony should
focus on this report, which articulates the role of the Research

and Data Analysis programs in NASA and sùggests ways to
improve them.

The Research and Data Analysis, or R&DA, portion of
NASA's science activity is generally much less visible than

missions with well-known names like Hubble or Galileo. But
tbey are no less important to the conduct ofNASA's research.

It is obvious that without the missions there would be no
data ílom space, and research progress would grind to a halt.
But \dithout the R&DA p¡ograms there u,/ould be no effective
missions, and little scientific ¡eturn. Part of R&DA supports the

work that provides the scientific underpinnings and often some

key enabting technologies for NASA's missions, and pan of it
supports the scientific process that ûansforms the raw data from
a mission into understanding, insight and discovery.

The R&DA programs are primarily aggregations of
numerous investigations by individuals or consortia both inside
and outside NASA. Each one is generally modest büt the total is
a significant fraction ofNASA's science expenditures, altogether
about 40%. The projects include wo¡k in theory and

computation, ground-based or sub-orbital research, technology
and instrument development, analysis of mission data, and

education including training the next generations of space

scientists and engineers. This diffusion and multiplicity is both
a strength ofR&DA and one reason for its diminished visibiliry.
ln addition, a signìfìcanf fraction of R&DA funding covers some

large infrastructures like the Data & Information System for the
Earth Observing System, EOSDIS.

Let me give you just a few examples of the breadth and

scientific irnpact of R&DA:

- On the weli-known Antarctic "ozone hole:" R&DA programs

supported high altitude observations that were key to explaining
the mechanisms that are destroying atmospheric ozone.

-- Life on Mars: the galvanizing, though still controveßial,
¿lnnouncement of possible ctcumstantial evidence for life on

Mars came from R&DA-supported analyses of meteorites found
on Earth.
-- Human physiology: R&DA-supported studies on laboratory
rats in microgravity on Spacelab gave new insights into the

workings of the gravity sensors of the inner ear, findings \dhich
should be clinically relevant to treatments for vestibular disease.

-- Technology: two of the four scientific instruments on

NASA'S upcoming Chandra X-ray Obsewatory were built in my
center at MIT using unique, advanced technologies first
developed with R&DA support.

Despite these conaibutions and many more like them, for
many years the science community has been concemed that the
quality of NAS,{,. science was being compromised by what
appeared to be a growing imbaÌance between flight projects and

R&DA investments. At the same time NASA's laudable move

tov,,ard smaller, faster, and cheaper missions places new
demands upon R&DA, since some of the activities previously
fi,rnded by more lengthy flight projects will no',v come from the

research base.

Evaluating budget trends for R&DA proved to be difficuìt.
Adjusting for inflation, the aggregate expenditures in all
categories glew significantly f?om FY91-98, but most of that is
due to the growth of EOSDIS and to some accounting changes.

More to the point, the traditional Research & Analysis, or R&A,
account which represents a key element of NASA'S grants

program fell by 22o/o over the same period. Moreover, R&4, as

a fiaction ofNASA science-related funding fell by 35%. As for
individual investigator awards, the task group found a wìde
range in grant size, and a 25%o decline in the size of a typical
grant to a leveì that appears subcritical for even a lone

researcher.
These Íends were consistent v/ith the perception that the

several components of NASA's R&DA activities are in general

not optimally balanced and may offer opportunities for increased

efficiency.
ln terms of recommendations, the task group did not

presume to say what the right balance among R&DA programs

should be. Rather, it did recommend fhat NASA's science

offices should themselves revisit these issues. The science

. A Scientific Râtionâle for Mobility in Planetary EnYironments, pg. 6



offices should use various means to improve their overview of
the R&DA activities, periodically evaluate their efficiency and
the balance, and do this in the context of their existing strategic
plans.

The thrust of these recommendations also touches on you¡
second question regarding ways NASA might ensure that each
individual mission's potential is fully utilized.

As general principles, the Space Studies Boa¡d has
consistently held that the best way to assure high quality
research is first, through use of the peer review process, and
secondly by keeping authority for primary science allocatjon
decisions at NASA Headquarters. I believe that the gentlemen
Íìom NASA here share these principles.

In closing, ìet me note that the very frst objective of Title I
of the National Aeronautics and Space Act of 195g is "the
expansion of human knowledge ofthe Earth, and of phenomena
in the atmosphere and space-" Meeting that objective over the
past 40 years has been a major rriumph for NASA and the space
science community at large. I am confident that with proper
stewardship, the current plans of the agency can delive¡ to the
nation and the worJd even more remarkable discoveries that
expand our understanding, excite and inform the public, inspire
and educate our chiÌd¡en, and contribute to the well-being of the
planet.

Thank you for the opportunity to appear before you and for
your attention.

Clåì¡de R. Canizares
Chair

Board and Committee News

SSB Hishliehts

rvvith the beginning of a new year, one can always look
forward to the budding of spring flowers, flagging commitments
to Ne\y Year's resolutions, and great expectations for a new
budget for the next ñscal year. At first glance, and at a
macroscopic level, the federal budget oùtlook is rosy, with
expectations of growing budget surpluses over the next five
years. Closer inspection, however, shows that the projected
surpÌuses depend on assumptions about major Social Security
reforms a¡d on federal govemment access to portions of tobacco
settlement funds recently negotiated between the industry and a
number of states. Furthermore, it is not obvious that NASA or
other R&D agencies are slated by the Adminisfation to be
beneficiaries of any of the projected sürpluses. Finally, the
Congress still is bound by budget "caps" established several
years ago, and that has already posed a problem for the
allocation to the appropriations subcommiüees. Budgel
Committee allocations for General Science, Space, and
Technology (where one fi¡ds NASA, NSF, and parts of DOE)
have a $1 to 2 billion shortfall in Fy2000 compared to the
President's request. Simila¡ shortfalls a¡e evident in the
allocation fo¡ Natural Resources where NOAA's budget rests.
In the face of such a set of cautionary notes, "steady as you go"
sounds like a pretty good mantra for space research budgets in
the coming year.

The overall federal R&D budget proposed by the
AdministÌation calls for a 37o increase over Fyl999, with an
emphasis on basic ¡esearch. NASA is projected for an oyerall
decrease of 0.6% below its Fyl999 total and accounts for
Science, Aeronaùtics, and Technology would faÌl by 4.1%
largely to cuts in aeronautics. The budgets of the Office ot
Space Science and the Office of Earth Science are proposed to
gtow by 3.7yo and 3.2Yo, respectively. In a move to provide
budgetary resilience against possible ñ:rther problems with
Russia's contributions to the Intemational Space Station (lSS),
the ISS budget would increase by 7.7% over Fyl999.
Reflecting likely delays in the instâllation of resea¡ch hardware
on lSS, the proposed budget for the Office of Life and
Microgravity Sciences and Applications would drop 2.8% below
FYl999 levels.

At the NSF, the total budget is proposed to grow by 5.8%,
corresponding to one of the most substantial increases amongst
R&D aþencies. Within the NSF Research and Related Activiries
account, biological sciences would grow by 4.5o/o, physics by
30lo, astronomical sciences by 2.9o%, geosciences by 2.6p/o, and
materials research by 2.1%. At NOAA, the president,s request
represents an increase of 12.970 over the last year. The National
Environmental Satellite, Data and lnformation Service
CNESDIS) is proposed to receive a 4.8yo inüease, the major
portion ofwhich would be for an increase in funds for NOAA's
share of the National Polar-orbiti¡g Environmental Satellite
System being developed joinrly with rhe DOD.

Appropriations hearings have already been occurring at a
brisk pace. Thus one is þmpted to hope thar Fy200O may well
begin unencumbered by háving many agencies operating un/
a continuing resolution or funded under some sort of catch-.
omnibus appropríations bìll simila¡ to the one that resolved
budgets for large portions of the govemment last year.
Seasoned pragmatists, however, are not so optimjstic.

In the actual space research arena there has been much to
celebrate or anticipate and a feìv sobering events to contempiate
as well. NASA's Office of Space Science is progressing
through a series of ll launches in the l2-month period from
November 1998 through October 1999. Seven of those have
already been accomplished successf,rlly, although the premature
opening of the telescope door led to loss of the Wjde-field
InfraRed Explorer mission in March before any data could be
collected. Coming over the next several months are launches of
a Boston University student Explorer for ionospheric and solar
EUV studies in April, the Far Ulrraviolet Specroscopic Explorer
in May, the Chandra Advanced X-ray Asrrophysics Facility in
July, and a recently scheduled Hubble Space Telescope
servicing mission in October.

NASA's Office of Earth Science also expects a particularly
busy year ìryith l0 launches planned in 1999. They include
Landsat-7, Quickscan, GOES-L for NOAA, and the Earth
Observing System AM-l platform aÌl in the first half ofthe year.
These missions will be the fi¡st of 26 plamed Earth-observing
missions between now and 2002. The Office of Life and
Microgravity Sciences and Applications reports excellent
progress in its efforts over the past few years to build a cc
¡esearch community through its competitive, peer-revieweu
grants program. The program now has more than 700 principal
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From the Chair

In less than a week ftom this writing, Space Shuttle
Columbia is scheduled to launch the Chanclra X-ray
Obsewatory, formerly knowa as the Advanced X-ray
Astrophysics Facility. Chandra is the thi¡d of NASA's "G¡eat
Obsewatories," joining Hubble Space Telescope and the
Compton Garìma Ray Observatory. Space Infra-Red Telescope
Facility or SIRTF is to follow in a few years as the last.

Although Chandra is smalle¡ and cheaper than the original
AXAF design or than Hubble, it is still very much a major
mission. It hlls the shuttle bay, is the heaviest payload to be
lifted by the shuttle, and its total cost assuming a 5-10 year
lifetirne exceeds $28.

It was also a long time in coming. Chandra was the highest
pio¡ity astonomy mission for the 1980s according to the NRC's
ast¡onomy suwey coûìnittee chaired by George Field, and in
some sense its heritage goes back to the 1970s. I was selected as

an irstrument principal investigator on this mission in 1984
(which came to suggest Orwellian connotations). At that time
launch was projected for 1991, seven years away-it remained
ìeven years away for the next seven years. Then it was ñxed,
until last year when some technical problems added another l0
months to the schedule.

In this regard, Chancka might be held up as an example of
ìvhat is wrong with such large missions, and why NASA has

recently emphas¿ed smaller, faster, cheape¡ programs. But it is
also an example of what is right. without doubt, large missions
are costly, often take too long to develop, and concentate risk.
But Chand¡a's exquisite X-ray optics and instruments will
provide unprecedented power to study black holes, exploding
stars, galaxy clusteß and quasars. Its imaging and spectal
capabilities exceed those of earlie¡ missions by 100 to 1000, and
it can provide large amounts of data to astronomers all over the
nation and the wo¡ld for many years, possibly mo¡e than a

decade. By virtue of the things that make it expensive, Chandra
will be like Hubble in having an impact commensùate wittr its
cost.

Small missions have their owrx strengths, primarily
timeli¡ess, ability to target specific scie4tihc objectives, modest

cost and risk. IIl terms of total impact and eveD some measure
of science-per-dollar, howevel, it is likely that larger missions
may prevail. Plausibly, a sound stategic plan requires a mix of

mission sizes rather than a preponderance of only one or the
otle¡. The smalle¡ ones provide essential vigor and agility, the
larger ones enable major leaps forward with moderate missions
in between. Of course, the optimal mix will depend on tbe
prevailing scientific imperatives of each discipline, and so could
vary over time. The fact that N.ASA itself has la¡gely replaced
the "smalle¡, faster, cheaper" manha with "faster, cheaper,
better" suggests a similar recognition.

Recent language in the 1999 NASA Appropriation from the
relevant Senate Subcomrnittee expressed concem that the
pendulum may have s\ ung too far to\¡/ard small missions in the
space and Earth sciences, and directed NASA to contract with
the NRC to study this matter. The SSB has accepted the task
and is engaged in a fast t¡ack effort to assess the degree to which
the objectives of the existilg science strategies can be met by
missions of various sizes, By making maximum use of existing
science strategies and the expertise of our discipline committees,
we are planning an expedited study to be released early in the
cornilg year.

It will be very interesting to see how each discipline asseses

its optimum mix of missions and how these compare to current
agency plans. Meanwhile, if all goes well in the next seveÍal
weeks, Chand¡a's data will soon staf streaming into
workstations around the world. Whatever frusûations I have felt
in tbe many years it took to get to this poi¡t. this is the time to
revel in the rich scientific retum fiom the sizeable itrvesünent of
people and money that got us here. This is one big mission
whose time has fmally come.

ClÂud€ R, Cårizåres
Chair

As we went to press, t¡e science community was saddened
by the news of the death of Representative George S. Brom.
NAS President Bruce Albefs hailed B¡own as "....4 consistent,
stong supporter of science throughout his 35 years in
Congress....he worked diligently to protect the scientific
enterprise, helping it to become a critical driver of our nation's
econornic prosperity and well being."

. Letter Report, Assessment of NASA's Plâns for Post-2002 Earth Observing Mission, pg, 6
. Letter Report, On the Nâtional Science Foundâtion's Fâcility Instrumentation Progrâm, pg. 7
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THE NATIONAL ACADEMIES

The Space StudÍes Bulletin
From the Chair

A year ago NASA passed a significanr milestone, its 40th
birthday. This year marks another, namely the end of a

decade, century and milÌennium. Any of these events might
have provided an occasion for introspection and speculation,
for looking backward to assess where we've been, and forward
to ponder on wbere we should be going in space.

In fact, despite nume¡ous millennjal references in political
speeches, soap commercials and TV talk shows, the century
that gave us the first powered flight, put men on the moon and
sent spacecraft beyond the outermost planets is ending with
very little discussion of the significance of these events or of
what should be done in tbe next century to build on them. Not
only the public, but even the space community itself seems loo
preoccupied with daily concems to spend much time
philosophizing about past, present o¡ flrture.

Some long-range thinking is taking place. NASA
Administrator Daniel Goldin has been goading various
scientific groups to thin-k bold thoughts and invent radically
new approaches to space rescareh. He recently admonished a
group of astronomers and physicists to stop hugging Hubble,
for exirmple, and he continues to tumpet the ascendance of
biology in an agency dominated by the physical sciences. In
response several groups are trying to define futuristic grand
challenges that could serve as navigational beacons fo¡
research and guide tech¡ology development over the next few
decades.

Valuable as these may be, cunent planning is primarily
along disciplinary lines. Whe¡eas the space program was once
dominated by a single theme, tbe race to the moon, it is now
ald is likely to remain al assemblage of diverse programs
united by a common launch infrastructure (which is itself in
need of millennial thinking).

This may be a sjgn of maturity-the number of research
areas that benefit from space continues to grow, and space
activþ impinges increasingly on everyday life tbrough
communications, weather prediction, and the ubiquity ofGPS.
The Ai¡ Force talks of becoming an "Ai¡ and Space Force,"
and spending on commercial space activities has surpassed
total government spending and is projected to increase rapidly,
recent bankruptcies notwithstanding.

But familiarity can breed contempt, or at least
indifference. Many benefits of space activities are taken for
ganted by the public, as exemplified by the unnamed (and
probably apocryphal) Congressman ìvho questioned "why we
need ìdeather satellites when you can get weather maps on

continued on pq4e 3

Board Director's Column

In the June 1999 edition of this newsletter, we commented that
the federal budget appropriations process appeared to be in for "a
long hot summer." Little could we have guessed that the budgets
for NASA and NSF would be th¡eatened with unprecedented cuts
that could lead to widespread reductions to reseffch grants
programs and ouûight cancellâtion of a number of key research
and technology programs. First the House of Representatives
passed an appropriations bill for FY2000 that would have dropped
NASA by $l billion below its FYl999 level, reducing science and
technology accounts by l2%o overall and imposing cuts of 17% to
Earth science and 27olo to the space science program. The same bill
proposed to cut NSF by $25 million below the FY1999 levets or
$275 million below the FY2000 request. After several weeks of
vigorous arguments on behalf ofthe R&D budgets by members of
the scientific community, the Adminisfation, and some members
of Congress, the Senate acted to propose, instead, that the FY2000
levels be funded at the level originally requested by the
Adminisftation.

Under the Senate bill, the NSF would receive a 6.87o inc¡ease
above FYl999 for a total of S3.9 billion. The NASA budget
provided for a total of$13.6 billion, including the requested levels

continued on pøges 2-3
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Readenh ìp S uney Enclos e d
Tbe Space Stùdies Board is gathering feedbâck about the interest in and
readership of its newslettEr a¡d reporls. We would l¡ke you to paficipate in
this su¡vey by complering lhe enclosed questionnaire. The information you
supply will be ùsed for our in-hoùse pu¡poses only a¡d will help us better
assess the needs of the space science cornmunity as they ¡elate to the

Þaficùla¡ p¡oducts oflhe Boa¡d, and how we c¿n deliver a mo¡e ¡nformative
and timely neùslette¡. We thank you for your support ofthe Space Studies
Board a¡d its activities.
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From the Chair
continued from page 1

TV?" This year's budget cycle, which proved even more
bizane than usual, revealed the tepid level of support for space

research in the naion (see Director's column). To be sure,

NASA has few real enemies-no one is actively opposed to

space exploration. But it also has few fervent champions. So

the budget cuts in the House were not made out of malice. But
'when appropriations exceeded allocations, NASA was seen as

a politically acceptable place to store the ¡ed ink, at least until
a handful of NASA'S most devoted supporters were able to
conect the problem in the House-Senate confe¡ence. The

scientific community rallied to help, but I suspect there \xas

little outcry fiom the general public.
So the combination of a rather indifferent public and a

heterogeneous space community is not likely to give ¡ise to a
unified vision for the nation's space enterprise. At best we

might end up with a pastiche of visions and strategies which
taken together will constitute our plan for the future. One

hopes that public outreach and education are stlong

components ofany plan. Every year is a budget year, and the

more that people are aware of what sPace activities mean to

their lives and to the advance of science, the easier time we

will have in securing its future.

Claude R. Canizares
Chair

Board and Committee News

Space Studies Board

SSB held its l28th meeting on Jvne 22'24 at the John H.
Glenn Research Center (GRC) at Lewis Field in Cleveland,

Space Studies Board Report TreDds, r98&1999

OH. A main focus ofthe meeting was on the research work ofthe
Center, including briefings and tours. One of the original NACA
centers, GRC is NASA's center of excellence in turbomachinery; it
also leads the agency's work in microgravify fluid and combustion
science. There were presentations by GRC staff Gerald Bama,
Director of Space Science, Drs. Howard Ross, W. Dan Williams,
and Valerie Lyons. Members participated in tours to the drop

tower, communications and power and propulsion labolatories,
and the fluids and combustion facility. Also briefing the Board

was Dr. Simon Ostrach, director of the National Center for
Microgravity Research on Fluids and Combustion, who described

the center's programs conducted under a cooPerative agreement

between NASA, Case Westem Reserve University, and USRA.
The meeting included a report on the recent successñtl

trilateraì workshop in Japan and a talk by Prof. Atsuhiro Nishida,

director geneml ofthe Institute of Space and Astronautical Science
(ISAS) in Japan. Other discussion items included uPdates on

ongoing studies of the Board's standing committees. An update

was also provided on the Committee on Human Exploration
(CHEX) which had a pre-planning meeting scheduled for mid-July
for a possible workshop on cultural anthropology asPects of
human exploration and development. Reports on the Task Groups

on Instih¡tional Arrangements for Space Station Research, on the

Space Station Biotechnology Facility, and on Europa

Contamination Protectior were made. Dr. Roberta Balstad Miller
reported on plans by the Steering Group on Space Applications
and Commercialization and the positive response fiom several

agencies to proposals for a series ofthree workshops.
Dr. Mark Abbott, chair of the Committee on Earth Studies

(CES), made a presentation on Remote Sensing and Earth Science

in 2030: T¡ends and Sources of Innovation, and Dr. Alan Title
made a presentation on neì,v solar physics research results from
TRACE and SOHO.

Members discussed plans for implementation of three studies

requested by the Congess on: the mix of space research mission

sizes for Earth and space science, maximizing the use of space

station for research in life and microgravity sciences, and studies

related to NASA'S Astrobjology and Origins prograrns. Plans for
follow-up actions on other potential projects also were discussed.

A proposal for an activity on NASA-Universþlndustry
partnerships will be modified and some groundwork v',ill be done

with agencies. A meeting will be arranged with the new NASA
chief scientist, Dr. Kathie Olsçn, a¡d a few Boa¡d members to

discuss plans for an education activity.
Preliminary approval was given for the CAA rcPort, Federal

Funding oÍ A stronomical Research.
The Board's Executive Committee met September 8-10 in

Woods Hole, MA, to look at the effectiveness and impact of the

SSB, approve the US-Japan-Europe workshop report by the

Committee on Intemational Space Programs, and the Boa¡d's

committee sf'ìlcture and membership and plans for the coming
year.

The Board constituted an ad hoc Steering Committee on the

"Assessment of Mission Size Trade-Offs fo¡ Earth and Space

Science Missions" which met at Woods Hole, MA on SePtember

8-10. The ad hoc committee will respond to a Congressionally-

The Space Studies Bulletin 3
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From the Chair
There is a story about how Sam Walton, the late founder

of Walmart, was a man of few words. When asked to what he

att¡ibuted his success, he replied "Good decisions." And how
had he leamed how to make good decisions? "Bad decisions."

Leaming from mistakes is something much on the minds
of NASA and the space research communþ. The backlo-
back failures of both Mars missions this fall, folÌowed severaÌ

other losses earlier in the year (see column by SSB director Joe

Alexander). It is likely, as the media were quick to note, that
these problems have something to do with NASA's emphasis

on conducting missions "faster, better and cheaper" than in the
past. The real question is what in the present approach needs
fixing. What is it that went w¡ong and how much needs to be

changed to make it right in the future?
The confusion over metric vs. imperial units that doomed

Mars Climate Orbiter might well have been caught in a

program with more comfortably funded checks and balances,
.nd the same might be said for the problems with the explorer
.atellites, TERRIERS and WIRE. We may never be sure what
happened to Mars Pol Lande¡, but this too was a lean
program with limited budget and ambitious schedule. A
review panel led by Tom Young, a hero of the space

community who can be counted on to get to the bottom of the

issue, will be reporting within a few months.
It is likeÌy that in all these missions, extreme pressures to

deliver a minimally capable payload with tight constraints on
both cost and schedule led to increâsed technical risk. After
all, that is part ofthe "faster, better, cheaper" philosophy, since

achieving very higb levels of reliability inevitably means

incuning very high costs (though high costs do not guarantee

high reliability). The challenge is managing risk along with
the other variables and keeping it at acceptable levels.
Another problem is that what might be acceptable risk in a

technical, cost/benefit analysis may be politically
unacceptable. As one former NASA official once opined,

"faster, better, cheaper will succeed only when the agency

starts reì¡/arding managers for cheap failures."
To me, the biggest danger is that the system will over

react to these failures and swing the pendulum too far away

from the "faster, better, cheaper" philosopby. In the most

exfieme scenario, high levels of risk aversion could add

significant multiples to the cost of every upcoming science

mission and reduce the renewed vitality that more frequent

rissions have brought to space research. We should

les l'ulletrn i
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Board Director's Column
The deluge of retrospectives and calendar milestone

con'ìmentaries that flooded our consciousness in the closing weeks
of 1999, should give any writer (or reader) pause. So also should
the rather extraordinary mix of events that marked high and low
points in space research during the year. But fools rush in, as

Alexander Pope said, and so this wdter will fearlessly try to draw
a few lessons from the recent past.

That past saw the often delayed but finally successful
launches of Landsat-7, Chandra, Tena, and the HST servicing
mission. Other successfirl flights included the ìaunches ofStardust,

Quickscat, FUSE, and the ESA XMM telescope aboard an Ariane
5 rocket. Tempering those and othe¡ successes were launch
failures of two Titan-4 rockets, an Athena-2, a Delta-3, two
Protons, and a Japanese H2 vehicle. Perhaps even more painful for
the space research community \vere the in-flight failures of Mars
Climate O¡biter, Maß Polar Lander, two Deep Space-2 Mars
penetrators, and the V/IRE and TERNERS missions. In August
federal S&T budgets \Ìere threatened with fearsome cuts,
especially at NASA, but members ofCongress who were favorable

(continued on pa4e 2)
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From the Chair
(êontinuedfron page l)

remember that there have been many more successes than
failures this year, and the latter, though costly in lost
dolla¡s and missed science returns, represent a small
fiaction of NASA's research expenditures. More useful
would be to take the lessons we leam from these

unfortunate occurrences and make marginal
improvements in selected areas of technical and risk
management. We need to nuÍure an effective faster-
better-cheaper implementation approach in the context of
a balanced portfolio of mission sizes. (The Board's
upcoming report on the size mix for Earth and space

sciences will address these issues.) Or in a few words,
"Emulate Sam Walton".

Claude R. Canìzares
crc@space.mit.edu

Board Director's Column
(continuedJion page 1)

to those programs were able to yr'ork nearly miraculous
solutions jn the final days oftbe appropriations process.

One might ask whether there a¡e any conmon
themes or underlying messages in this collection of
events. Some are obvious, but they may be wofh
repeating, and remembering. First, this ir rocket science.
Space research is complex, it is difficult, and it has

inherent risks- Since all ofthe easy things have been done,
or may not be rvorth doing, new efforts require new tools
and innovative approaches.

The challenge, though, is to sse where to draw the
line in terms ofsaving older proven methods and where to
replace them. For example. the government assessment of
the string of U.S. launch vehicle failures concluded that
manufactu¡ers were tempted to cut comers on some
testing and quality assurance pmctices and to substitute
approaches that were less robust.r \Ve may be leaming
that, regardless of whethe¡ the issue is the changing roles
of govemment and industry in launch vehicles or the
changing approach to science missions, the conscious act

of defining acceptable risks-both in terms of how much
and what kind-is critical.

The inJrerent complexities of space activities
probably also figure into the explanation for the past
year's nearly disastrous bùdget story. In spite of the
popular fascination with dramatic results from HST,
Galileo, or TOMS, neither members of the public nor
Iegislators readily understand the purpose of data-analysis
grants, or adva¡ced instrument technology funds, or
definition studies of next-generation observing systems. If

the funding needs, the societal benefits, and the nature
ofthe inherent risks aren't clear to decision makers, then
the rationale for continuing funding becomes
ephemeral.

ln the environment described above, in which
complexity and risk are fundamental, complacency is an
enemy. One can never affotd to be complacent either
about attending to the details oftechnical challenges or
about articulating and communicating about the
rationale, risks, and benefits of the programs. The good
news appears to be that most observers agree that things
aren't fundamentally broken. Corrections may be in
order, but major overhauls don't seem to be called for.
To be sure, there are a number oftroubling questions to
be addressed-such as have new approaches to space
systems design and management tried to move too far
and too fast; are we seeing effects ofbum-out or loss of
corporate memory in key project positions; and why
were congressional budget knives tumed so abruptly
toward space research in 1999?

The Space Studies Board seeks to contribute
constructively in this period of change in a number of
ways. For example, two new study reports are slated
for release in the first quarter of 2000 that examine,
Íìom a scientific perspective, issues regarding trade-óffs
for different mission sizes for Earth and space science
missions.2 That topic may be addressed fi.¡rther in the
Board's upcoming review of the new strategic plan for
NASA's Office of Space Science and in the Boa¡d's
upcoming report on implementing the integration of
research and operational Earth observing satellite
systems, to cite two other examples.

The SSB has had a long-standing role in
developing and articulating the scientifìc rationale for
space research progl¿ìms; SSB "shategy reports"
provide one means to communicate about the
complexity and the value of space research. As these
pages have noted before, a major current operational
goal for the Board is to improve and enhance the
dissemination and com¡nunication of its work, not only
to federal agencies and the scientific community but
also to the wider communþ of stakeholders, including
the interested public. We invite readers'ideas and

support in pursuing that goal.

Joseph K. Alexander
jalexand(An¿s.edu

t<See Depa ñent olDelense Assessnenl ofspace Launch Faílures,
httpr//w\dv.af.mil/lib/misc/spâcebar99.htm.>
2<7he Role oJSnaI Sotellites in NASA dnd NOAÀ Earth Obsening
Programs and Àssessnenl of Mission S¡ze Trade-olJs for Earth and
Space Scìence M ¡ s si ons>
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From the Chair
Over the past year the Space Studies Board, and especiaÌly

its Committee on lntemational Space Programs, has grown
concemed about the impact of evolving implementation of
expon control regulations on the conduct of international space

cooperation. The increased stringency of controls on the
movement of scientifìc and technological information and

hardware could have serious effects on. ln the most extreme
scenario, the regulations could have dire consequences on all
universiry based space research, since the regulations also
apply to foreign nationals within the U.S. who are not
permanent residents, such as graduate students and post-docs-

The problem is rooted in provisions introduced to deal,
appropriately, with the dangers of arms proliferation. This is
done, in part, by controlling the transfer of items on the U.S.
Munitions List, \ryhich covers all spacecraft components and,
more broadly, all related technical data. These controls are

implemented under the lntemational Traffic in Arms
Regulation (ITAR), which now applies strict controls on

transfer of data, as well as hardware. There is an explicit
exclusion for aspects of the Intemational Space Station
program, and a more generaÌ exclusion for data associated with
"fundamental research" that is considered "in the public
domain."

Two recent changes appear to have exâcerbated the
situation. Fißt, licensing authority has been transferred from
the Department of Commerce to the Depaftnent of State,

which applies the stricter ITAR and ì.vhose limited staff is

already overloaded- Second, NASA has placed tbe burden of
meeting the administrative requirements for seeking ITAR
license approvals on its "contractors", including universities,
and NASA has remained silent on the question of how
exceptions for fundamental research are to be interpreted. For
example, is a proprietary proposal fiom a university to NASA
covered by the fundamental research exemption? The effects
ofthese changes on commercial spacecraft companies has also

been widely discussed in the media -- the impact on

universities has not and is only now being realized.

The repercussions in the university community have

already been serious. For example, there are worries that
foreign space partners will shov/ reluctance to contemplate
long-term cooperative projects with the U.S. This is

understandable if even technical discussions \ ith scientists
fiom other countries to explore possible cooperation could
easily be in technical violation of ITAR uniess a prior license

Board Director's Column
The first quarter of the year has been a time to reflect on the

lessons from recent space mission failures, to look forward with
new optirnism toward prospects fo¡ future programs and budgets,

and to take one ìast look at the SSB'S work over the last year. We

will touch on each of those items briefly below.

Mission failure reports
During the first quarter there \¡',ere at Ìeast six reports released

to examine aspects of recent NASA mission problems and their
impÌications for the agency's efforts to achieve increased flight
frequencies, st¡eamlined project management, and lower mission
costs (the "faster-better-cheaper" paradigm), The fi¡st ìvas from
the Space Shuttle Independent Assessment Team, chaired by Dr.
Henry McDonald, released March 7. Two more were made public
March 13: the Mars Climate Orbiter Mishap Investigation Board
report, led by Arthu¡ Stephenson, and the Faster, Better, Cheaper

Review, led by Tony Spear- The last two, and most anticipated,
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is obtained. Other current or potential impacts include

licensing delays and mission schedule slips, impediments

to proposal preparations with foreign partners,

complications in administration of non-U.S- graduate

students, and so on. Some universities, including my
o\ln, hold sûongly to the principle of an open campus and

wouÌd simply have to refuse grants or contracts that seek

to limit participation by students or staff on the basis of
nationality.

The SSB has no argument over the need for a

sensible regime to conüol sensitive lechnology. But
something needs to be done to address what I expect are

the unintended consequences of the changes in export
control. NASA could heÌp in the short term by working
with the universities to clarift the rules and exemptions,
preferably in a way that preserves the openness of
fundamental research. A more global approach would be

for all the relevant agencies to come to a common

agreement similar to that promulgated in 1985 by
President Reagan th¡ough his National Security Decision
Directive 189. This asserts that national interest is best

served when "to rhe maximum extent possible. the
products of fundamental research remain unrestricted."
NSDD I E9 was issued in response to similar controls that
had begun to appear in some federal grants and contracts
nearly 20 years ago. It states clearly, that "where the
national security rcquires conûol, the mechanism for
control of information generated during federally-funded
fundamental research in science, technology and

engineering at colleges, universities and laboratories is

classification." In the intervening years, this approach

seems to have worked well for both the govemment and

the university community. Reaffìrming its principles in
the context of fundamental research in space would seem

the best way to deal with this issue.

Claude R. Canizares
crc@space.mit.edu

Board Director's Column
(cont¡nuedlron page I)

were the reports of the Mars Program lndependent

Assessment Team, headed by A. Thomas Young, and the

Mars Polar Lander Failure Review Board, directed by
John Casani, both released on March 28. In addition, the

SSB released Assessmenl of Mission Size Trade-ofs /or
Earth and Space Science in prepublication form on

VOLUME I I. ISSUE I

March 15. The executive summary ofthe SSB report is

reprinted later in this newsletter.
Several common themes have emerged fiom these

investjgations and evaluations. For example, the

reports often suggested that there has been too much

emphasis on meeting schedule and cost, that problems
weren't communicated, and that fundamental
management and engineering principles were not
always followed. Further, an inadequate system of
checks and baìances neglected to draw attention to the

signaÌs of trouble, when mistakes could have been

fixed. Young's recipe fo¡ success is experienced

oversight, sufficient testing, and independent analysis.

The SSB report looked more broadly at criteria for
making decisions about mission size. A major finding
ofthe study is that a mixed portfolio of mission sizes is

crucial in virtually all Earth and space science

disciplines to accomplish the research objectives of
those programs. The report views the "faster-better-
cheaper" paradigm as a set of principles (including but
not limited to streamlined management, flexibility, and

technology infusion) that a¡e independent ofthe size or
scope ofa mission. ln short, the "faster-better-cheaper"
approach need not be applied solely to "smallei'
missions. With appropriate care, those principles can

be matched to the science objectives and requirements
of any mission. The report also commented that the

technology comerstone of the faster, better, cheaper
paradigm has often been confused with science-based

mission objectives.
NASA has yet to fully evaluate the

recommendations and make imProvements in the
programs and their management- For this reason, the
Mars 2001 Ìander has been canceled and the

instruments will be flown in 2003. In addition, a new
architecture for the Mars program will be implemented.

FYol budget proposals
Members of the space research community could

not help but react enthusiastically to news about the

administration's FY200l budget proposals. Overall
federal R&D budgets were slated for a 7%o increase

with NASA, NSF, and NOAA looking at requests for
growth over FY2000 of 60/o, l7o/o, and l9%o,

respect¡vely. Within the NASA totals. the science,

ae¡onautics, and technology account \,vas targeted for
growth of $348 million over FY2000, with major
portions of that growth allocated 1o solar system

exploration missions ìncluding the Mars Surveyor
program, a "Living with a Star" initiative in solar and

space physics, restoration of the New Millennium
technology validation program, and enbancements in
life and microgravity sciences. To be sure, submission

ofthe budget request to the Congress is only the first
step in a long and often unpredictable process, but early
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On June 30,2000, I completed my sixth and final year as

Chai¡ of SSB. In some ways it seems ages ago since Lou
Lanzerotti handed me the gavel-when again it was only
yesterday.

Six years ago there was an acute sense of urgency

surrounding NASA, engendered by revolutionary changes

sweeping through the agency. The launch of the initial ISS

element was in the distânt future, the concept of a bload
program focusing on Origins was awaiting the galvanizing

amouncement of possible evidence for past life on Mars, and

EOS. stitl envisioned as a long series of large pìatforms was

slowly building steam. It was only in 1996 (the year of Mars

rock publicity) that I couÌd perceive a diminution in the

turmoil. In 1997 and, 1998, events like the success of Mars
Pathñnder, the Shufile/MlR rendezvous and the inaugural ISS

launch suggested that, though far from equilibrium, the space

program was beginningto settle into a new epoch. The launch

of the Chandra X-ray Obsewatory (my o\ryn pet project) and

Terra were among the real successes of 1999, but the failure of
two ambitious low-cost missions to Mars showed that NASA's
transition to new ways of doing business still need€d

adjustment. NSF and NOAA, the other agencies we regularly
advise, had their own sets of issues throughout this period,

such as the balance of ground- and space-based research in
astronomy and the integration of research and operational
requirements for Earth observations.

I am proud ofthe role the Space Studies Board has played

in this history. Altogether, the SSB, with its corimittees and

task groups, issued 56 reports ar,d24lerler reports during this

period. More important than the quantity is what I believe to

be the very high quality and impact of our products. That

positive view has been confirmed on several occasions in
recent years by NRC reviews of our "customers" in the

research community, the agencies and on Capitol Hill. Our

reports are often cited in planning and policy documents and in

con gressional language.

Fo¡ me it has been a great privilege to work with the many

hundreds of dedicated volunteers and dozens of talented NRC

staff who deserve the vast bulk of credit for the Board's

accomplishments. I extend my heartfelt thanks to all of them.

I never cease to marvel at the ûemendous level of corìmihnent
that so many are willing to make in the public interest, and this

holds for the civil seryants who received the reports as well as

those on our panels who \Ãrote them. I must single out the two

superb SSB Directors, first Marc Allen and more recently
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From the Chair
(continuedlron page l)

Joseph Alexander, both of whom brought extraordìnary
talents to this very demanding job. My concurrent ex
officio sewice on the NASA Advisory Council was, itself,
fascinating and rewarding.

My successor, Dr. John McElroy of the University of
Texas, brings tremendous experience and ability to the
Board and wilì lead it '¡/itb distinction. With the
increasing imponance of space activ¡ties to more
scientific disciplines, the private sector, and policy
makers grappling with issues like global change, the
diversity and significance of the Board's reports will also
increase. Although the mood at the onset of the new
millennium is decidedly more optimistic for space
research than it was in 1994, exploration and discovery on
the high fiontier will always present great scientific,
technical and management challenges- I am confident
that the Board will continue to help the community meet
those challenges.

Claude R. Canizorcs
cÁ@;pøce. mit.edu

Board Director's Column
The end of the second quarter of 2000 represents

much mo¡e than any minor calendar milestone for the
year. Indeed, it marks the conclusion of a remarkable
period of service to space research by retiring SSB chair
Claude Canizares. During the past six years Claude has
provided extraordinary leadership for the Board during a

time when NASA has been undergoing dramatic changes,
the research community has been adjusting to new ways
of doing business, and the science itself has experienced
both breakthroughs and setbacks.

A look at the breadth and depth of SSB activities
during Claude's tenure gives one measure of his impact.
From July 1994 to June 2000, the Board published over
50 regular reports, covering the fuÌl range of scientific
and programmatic issues in space science and technology,
plus two dozen quick-response letter reports to provide
guidance on specific questions ûom NASA, NSF, and
NOAA, Included in these repofs were five major science
strategies-for space physics, space asùonomy and

VoLUM!

astrophysics, space biology and medicine, microgravity
for human space exploration technologies, and ground-

based solar research.

One important highlight was the 1995 report
Mqnag¡ng lhe Space Sciences, a major congressionally-
mandated study of the roles and responsibilities of
NASA headquarters and the field centers, altemative
organizationaÌ structures, research prioritization, and

tecbnology development for the space sciences. Other
highlights inchtde Review of Gravity Probe-Ù, an in-
depth scientific review of a controve¡sial space mission
conducted in reco¡d time, and Supporting Research and
Dota Anolysis in NASA's Science Programs, a broad-
ranging assessment of strategic and prograrnmatic
aspects of NASA research grant programs. His
leadership also has had an impact on issues of
intemational cooperation in space researcb through the
publication of an in-depth assessment of U.S.-European
cooperation in space science (U.S.-European
Collabo¡ation in Space Science, conducted jointly with
the European Space Science Committee) and initiation
of tri-lateral interactions between the SSB and

counterparts in Europe and Japan.

Perhaps the most notable effort of the SSB during
the Caniza¡es years was the 1996 workshop on
"Origins." Following the announcement of possible
evidence of fossil microorganisms in the martian
meteorite ALH8400I, the Office of Science and

Technology Policy and NASA asked the Board to help
convene a diverse group of scholars to consider major
questions and future directions for space science.

Participants at that workshop converged on the theme of
"origins" as an organizing conceptual fiamework for
much of space science. The workshop findings were
presented to Vice President Gore in a symposium at the
White House, and he described the event as

"exhilarating and thought-provoking."
ln addition to possessing scientific and policy

expertise, sewing as SSB chai¡-or in any other role as

a volunteer on NRC boards and committees for that
matter-requires a major commitment of time and

energy. Claude chaired all Board meetings during his
6-year tenure, participated actively as a liaison member
of the NASA Advisory Council, testified several times
at congressional hearings, and made countless trips to
Washington to meet with agency, congressional, and

NRC officials about SSB business.
I think I speak for all members of the SSB, its

committees and staff, and colleagues across the space

research communþ in saying that we owe Claude R.

Canizares an enoÍnous debt of gratitude for his solid
leadership, expert judgement, and tireless service as

chai¡ ofthe SSB.

JoseDh K. Ale:xandet
jotei:on@las.edu


