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Fo reword

ederal investment in research and development (R&D) has been

crucial to many of the nation’s achievements in basic sciences. In

recent years, however, budgetary pressures have made it difficult

to sustain ongoing government R&D efforts and to initiate new
ventures. These pressures and the growing international character of
scientific research have focused greater attention on the potential con-
tributions of international cooperation, particularly for large-scale, long-
term science projects.

The United States has several decades of experience with internation-
al scientific collaborations. Numerous successful small-scale scientific
cooperative efforts, largely through bilateral agreements, have been con-
ducted. High-energy physics, fusion energy, and space are rich with ex-
amples of this type of cooperation. However, U.S. experience in the joint
construction and operation of large-scale experiments and facilities is far
more limited.

This background paper, requested by the Chairman and Ranking Mi-
nority Member of the House Committee on Science, reviews U.S. expe-
rience with collaborative projects in many different fields and their im-
plications for future activities. It assesses the factors that facilitate
international partnerships in big science projects and those that, con-
versely, favor the pursuit of purely national projects. The background pa-
per also reviews and identifies several important issues to consider in
structuring future collaborations. These include maintaining U.S. scien-
tific expertise, setting research priorities, developing mechanisms to en-
sure long-term project stability, and safeguarding economic and national
security interests.

In the course of this study, OTA drew on the experience of many orga-
nizations and individuals. In particular, we appreciate the invaluable as-
sistance of the workshop participants, as well as the efforts of the proj-
ect's contractors. We would also like to acknowledge the help of the
many reviewers who gave their time to ensure the accuracy and compre-
hensiveness of this study. To all of them goes the gratitude of OTA and
the personal thanks of the staff.
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Overview
and
Findings 1

ver the past several decades, the federal government has

supported a wide range of research projects in science

and technology. Federal support has been crucial to many

of the most important research and development (R&D)
achievements in defense, space, energy, environmental, and other
science and technology programs. Recently, however, federal
budget deficits and concerns about the effectiveness of research
efforts have intensified pressures on government R&D spending,
making it difficult to sustain many ongoing efforts and limiting
opportunities for new ventures. These pressures, coupled with the
increasingly international character of science and technology
R&D activities, have focused greater attention on bilateral and
multilateral collaborative arrangements, particularly for large-
scale, long-term projects in areas such as particle physics, energy
and environmental science, and space.

The United States has pursued international collaborative E—
projects in R&D to raise the likelihood of scientific success for :
particularly complex endeavors, to take greater advantage of in-
ternational scientific expertise and facilities, to address science
and technology issues that have global implications, to extend na-
tional scientific capabilities, and especially for very large science
projects, to share costs and risks with other nations. International
collaboration, however, poses special challenges, such as estab-
lishing R&D priorities within and across different scientific disci-
plines, developing funding and planning mechanisms that ensure
the long-term stability of projects, and maintaining U.S. econom-
ic and national security interests.
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This background paper, requested by the Chair- Other important issues, however, are beyond
man and Ranking Minority Member of the Housethe scope of this background paper. The overall
Committee on Sciencegxamines the factors that process of priority setting and planning in federal
may warrant or facilitate international collabora-research is not examined, nor are the relative bene-
tion in large science projects or, conversely, thafits of big versus small scienéglso, the role of
may favor the United States pursuing projects ininternational collaboration as it relates to the area
dependently. It identifies the challenges raised byf defense R&D is not addressédn addition,
international collaboration, such as reconcilingthe paper does not examine the broad commercial
collaboration with U.S. science goals, achievingaspects of government-sponsored basic science
equitable distribution of costs and benefits amongesearch. Basic research can provide the underpin-
nations, understanding the advantages and disading for commercial innovation and technology
vantages of technology transfer, and dealing witllevelopment. The possible commercial implica-
increased project management complexity. Irtions of large science research projects (which are
addition, the paper explores approaches that camt limited to the consequences of basic research)
promote the successful planning and execution ofill continue to be an important issue in structur-
international projects. ing international partnerships, selecting projects

Chapter 1 presents the principal findings of thidor collaboration, and sharing their benefits and
background paper. Chapter 2 provides an ovelburdens (see chapter 2).
view of the broad trends in science and the rise of
large projects. Chapter 3 examines U.S. sciencBACKGROUND
goals, the U.S. experience with collaborative proj- . o .
ects in science, and their implications for futurel) The Internationalization of Science and
activities. The areas discussed include high-ener- the Role of Big Science Projects
gy physics, fusion, space, neutron sources, andternational collaboration in scientific research
synchrotron radiation facilities. Chapter 4 ex-and the rise of large science projects are two sig-
plores the benefits and disadvantages of particiificant outgrowths of the scientific revolution of
pating in international partnerships. the past century. This revolution has brought un-

The issues addressed here are relevant to coprecedented increases in the speed of scientific
gressional authorization, appropriation, and overand technical innovation. The sheer pace of this
sight of ongoing and upcoming large sciencechange has transformed the fabric of daily life, af-
projects. These include the International Spacéecting the course of economic and social devel-
Station and the International Thermonuclear Exopment as well as the relationship between society
perimental Reactor (ITER), as well as U.S. particand the natural world. Along with an increased
ipation in the Large Hadron Collider (LHC) rate of scientific innovation and knowledge gen-
project at the European Laboratory for Particleeration, there has also been (especially in the past
Physics (CERN). 50 years) a marked expansion of the breadth, cre-

1previously, the House Committee on Science, Space, and Technology.
2For a discussion of these issues see U.S. Congress, Office of Technology Ass&sstesaity Funded Research: Decisions for a De-
cade OTA-SET-490 (Washington, DC: U.S. Government Printing Office, May 1991).
3Cooperation with its allies in the supply and joint production of defense technology has been an important element of U.S. national security

policy over the past four decades. See U.S. Congress, Office of Technology AssessmegtOur Allies: Cooperation and Competition in
Defense Technolog®TA-ISC-449 (Washington, DC: U.S. Government Printing Office, May 1990).
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ativity, and sophistication of basic and applied re- The scale and scope of scientific research have
searcht These qualitative changes have beemxpanded simultaneously with the growth of in-
accompanied by the growth of interdisciplinaryternational activities. Although much research is
research, which in turn has opened up new fieldstill conducted on a small scale by individual in-
of inquiry. With the development and diffusion of vestigators working in small laboratories, the past
powerful information and communications tech-few decades have witnessed the development of
nologies® the extraordinary pace of scientific very large science projects—called big science or
discovery continues to accelerate. These newnegascience projects.

technologies have facilitated collaboration within o ) )

and across scientific disciplines. [J Defining “Big Science”

The expanding range of scientific and technoAlthough it is relatively easy to identify certain
logical undertakings, and the development of nevextremely large projects as megascience, it is
tools to expedite the exchange of informationmore difficult to devise a generic definition of the
have reinforced and augmented the internationdrm. Big science projects exist in a range of fields
dimension of scientific research. This internation-and share a number of common traits. Typically,
alization affects the nature of scientific inquiry, and most simply, big science has meant “big
the transmission of information among scientistgnoney plus big machines.” Megascience projects
and programs, the development of interdisciplininvolve large, interdisciplinary teams of research-

ary research, and the structure of transnational ré's, including both engineers and scientists. Such
search initiatives. For example: projects usually employ more complex and hierar-

chical management structures than smaller sci-

= The increased ability to coordinate researctence projects. Big science ventures are almost
across international borders has stimulated analways supported by governments. However, in-
bitious research on global scientific questionsdustry plays a more central role (as a contractor
such as climate change. and recipient of federal funds) than it does in

= The rapid global exchange of information has‘small” science because of the need to build large,
internationalized the results of almost all sciencapital-intensive, high-technology facilities. Big
tific research, even projects and investigationscience projects vary in scale and complexity, and
that are essentially national in character. reflect the different R&D goals and scientific ca-

= The growth of cross-disciplinary research hasabilities of nations. They also vary in their com-
been closely linked to greater interactionmercialization potential and in the degree to
among researchers across international bowhich they address broad national or global needs.
ders, stimulating the expansion of internationalSome big science projects are based around a
scientific collaborations supported by a varietysingle facility, whereas others are distributed
of national and international agencies and instiamong several locations and institutiéns.
tutions.

4Although there is some overlap between basic and applied research, the following distinction can be offered: “Basic research pursues fun-
damental concepts and knowledge (theories, methods, and findings), while applied research focuses on the problems in utilizing these concepts
and knowledge.” Office of Technology Assessmé&etlerally Funded Researcbee footnote 2.

SFor example, the Internet—a set of interconnected computer networks that share a common set of communications protocols—Iinks tens
of millions of users worldwide via electronic mail and other communications services. Internet access is currently available in more than 160
countries, with connections being added almost daily.

6This aspect of project structure—single-site versus distributed projects—can profoundly alter the character of international collaboration
and the benefits and challenges that underlie it. For example, the siting of international scientific facilities has been a contentious issue in some
collaborations. See finding below.
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TABLE 1-1: Total Estimated Costs of Selected Big Science Projects

Year of completion

Project [estimated) Capital cost Participants
High-energy and nuclear physics
Stanford Linear  Collider 1987 $115  million Us.
Continuous ~ Electron  Beam 1995 $513  million Us.
Accelerator  Facility
Advanced  Photon  Source 1996 $812  million u.s.
B-Factory 1998 $293  million Us.
Japanese  Spring-8  Synchrotrons 1998 $1 bilion Japan
Relativistic Heavy lon Collider 1999 $595  million Us.
Superconducting ~ Super  Collider Canceled $8  bilion-$11 hbillion Us.
Proposed  neutron  spallation 2005-preliminary ~$1 bilion (no definite  Us.
source ’ planning  stage estimate  available)
Large Hadron Collider (LHC) 2005 $2.3  billion® Europe (CERN), U. S., Japan
Fusion
Tokamak  Physics  Experiment 2001 $694  million Us.
International Thermonuclear 2005 $8 hilion-$1 0 billion’ U. S., Europe (Euratom)
Experimental  Reactor  (ITER) Japan, Russia

(continued on next page)

Although it downplays other factors, cost is
probably the most important characteristic of big
science projects. If project funding is used as the
main criterion, a few very large projects clearly
stand out as megaprojects. These include the
space station (total estimated capital cost, $38 bil-
lion"), ITER (total estimated construction cost, $8
billion to $10 billion), CERN’s Large Hadron
Collider (current estimated cost, $2.3 billion®),
and the proposed neutron spallation source’ (esti-

mates begin a $1 hillion). All of these projects are
in the billion-dollar (plus) class, and all—with the
exception of the neutron spallation source—in-
volve significant international collaboration. The
failure to attract international support was a prin-
cipal factor in the decision to terminate the multi-
billion dollar Superconducting Super Collider
(see finding below). Table 1-1 shows estimated
completion dates and costs for selected big sci-
ence projects.

"This figure is based on the following costs as reported by the Nationd Aeronattics and Space Adminigration (NASA): pre-FY 1994 costs:
$10.2 billion; shuttle launch costs (based on an average cost of about $500 million per flight): $14 billion. NASA reports $17.4 billion in
construction costs from FY 94 through station completion. However, this figure includes $3.7 billion in operations and science costs, as identi-
fied by the General Accounting Office. This $3.7 billion has been excluded from OTA analysis. Source: NASA, Space Station Program Office,
April 1995. NASA provided data to the House Committee on Science, Space, and Technology that account for the above costs, plus civil service
and operations costs through the first 10 years of operations. These figures indicate that total costs for the station will be $72.3 billion. See
Marcia Smith, Space Stations (Washington, DC: Library of Congress, Congressional Research Service, Apr. 6, 1995), p. 4; and U.S. Genera
Accounting Office, “Space Station: Estimated Total U.S. Funding Reguirements,” GAO/NSIAD-95-163, June 1995, p. 4.

The edtimated cost for the LHC would be roughly twice as large (84 billion to $5 hillion) if it were devdloped ON the same accounting basis
& US cot edimaes Also this figure does not include the detectors, which may totd a much a $2 bhillion. CERN has asked the United States to
contribute approximately $400 million to this project. This contribution could also include in-kind contributions such as equipment. The De-
partment of Energy, however, will not be in a position to recommend any specific level of LHC funding until overall Department cost reduction
goals through 2001 are developed. Harold Jaffe, Department of Energy, Office of High Energy and Nuclear Physics, personal communication,
April 1995.

‘The accelerator-based neutron spallation source has been proposed by the Clinton Administration as an aternative to the recently canceled
nuclear reactor-based Advanced Neutron Source. The European Union is also in the preliminary planning stage for a spalation source, but no
formal efforts have yet been made to explore the possibility of collaboration. See chapter 3.
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TABLE 1-1: Total Estimated Costs of Selected Big Science Projects (Cont'd.)

Year of completion

Project (estimated) Capital cost" Participants
Space *
Hubble Space Telescope 1990 $2.3  billion U. S., Europe (ESA)
Compton Gamma Ray Observatory 1991 $957  million U. S., Germany
Advanced X-Ray Astrophysics Facility 1998 $2.1 billion U. S., Germany,
Netherlands, UK.
Cassini 1998 $1.9 billion U. S., ESA, ltaly
Earth Observing System 2000  (initial $8  hillion U. S., ESA, Canada,
components) Japan,  France,
Eumetsat
Space  station 2002 $38 hillion U. S., Russia
Canadian Mobile Servicing System for 1998-2002 $1 billion Canada
the space station
Japanese Experimental Module for 1998-2002 $3 billion Japan
the space station
Proposed European Space  Agency 1998-2002 $3  billion' ESA

(ESA) module and equipment for
the space station
Ground-based astronomy and physics

Gemini  telescopes 1998-2000 $176  million® U. S, U. K., Canada,
Chile,  Argentina,
Brazil

Laser Interferometer  Gravitational 1999 $231  million Us.

Wave  Observatory

‘Figures represent construction and development, exclusive of operational expenses, which can raise project costs considerably. Figures repre-
sent dollars as spent or projected, unadjusted for Inflation.

b The Neutron Spallation Source s being proposed to replace the canceled Advanced Neutron Source

‘The estimated cost for the LHC would be roughly twice as large ($4 billion to $5 billion) if it were developed on the same accounting basis as U.S.
cost estimates. Also this figure does not include the detectors, which may total as much as $2 hbillion. The proposed U.S. contribution to the project
1s $400 million U.S. scientists are already deeply involved in the design and construction of two LHC detectors.

‘The U.S. share is currently 25 percent of the engineering design cost. Detailed cost estimates for ITER are not yet available. There has been no
agreement among the parties about whether ITER will be built or what the US. share of construction costs would be.

‘For U S space projects, figures reflect U.S. cost only.

Unofficial ESA  estimate.

°The U.S. share i1s $88 million.

SOURCE U S Congress, Office of Technology Assessment, 1995, based on figures from: William Boesman, Congressional Research Service,
“Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects,” August 1994; Genevieve. Knezo, Major Science and
Technology Programs: Megaprojects and Presidential Initiatives, Trends Through FY 1996, Requested, CRS Report for Congress (Washington,
DC Congressional Research Service, Mar. 27, 1995); NASA Budget Operations Office; and Tormod Riste, Synchrotron Radiation Sources and
Neutron Beams (Pans, France Organization for Economic Cooperation and Development, Megascience Forum, 1994).

Below the billion-dollar project level, it be- ence and technology (S&T) projects identified 30
comes more difficult to use funding to determine  S&T development projects that cost more than
what constitutes megascience. A recent Congres-  $100 million in 1980 dollars.” Of these, 10 had
sional Research Service report on civilian big sci-

“William Boesman, Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects, CRS Report for Congress,
94-687 SPR (Washington, DC: Congressional Research Service, Aug. 24, 1994).
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been terminated,'leaving 20 projects completed
or currently under way. Of these 20 projects, 16
were single-facility, basic science projects, ac-
counting collectively for more than $50 billion of
past, current, and proposed federal science spend-
ing (exclusive of operations costs). For the pur-
poses of this report, the Office of Technology
Assessment (OTA) has chosen to concentrate on
the class of megaprojects that cost more than $100
million.

The budget impacts of these megaprojects have
drawn considerable attention in the scientific
community and Congress. In the United States,
megaprojects account for about 10 percent of the
federal (defense and nondefense) R&D budget™
(see figure I-1). Although the growth of megapro-
jects appears to have leveled off somewhat, this
trend could be reversed as severa hig science proj-
ects are brought up for congressional consider-
ation over the next few years. Thus, megapro-
jects merit attention not just because of their
extraordinary size, but also because their large and
potentially growing share of federal spending
poses fundamental questions about the character
of the nation’s R&D portfalio.

In recent years, the high costs and scientific ra-
tionale of some megaprojects have been severely
criticized, especialy by those who regard small
science as the foundation of the nation’s R& Den-
terprise. In some cases, however, there can be a
complementary relationship between small sci-
ence and big science. For example, the National
High Magnetic Field Laboratory and the Ad-
vanced Photon Source (an advanced x-ray
synchrotrons  facility) will essentialy serve as plat-
forms for small science, and thus reinforce the re-

FIGURE 1-1: Civilian and Defense Megaprojects
as a Percentage of Total R&D, FY 1991-FY 1996,
Requested

&8
&
c
86
fo]
a
4
o
|
T 1 T T T
1991 1992 1993 1994 1995 1996, req

Fiscal year

SOURCE: Genevieve J. Knezo, Major Science and Technology Pro-
grams, Megaprojects and Presidential Initiatives, Trends Through FY
1996, Requested, CRS Report for Congress (Washington, DC: Con-
gressional Research Service, Mar 27, 1995), p. CRS-4

search support given to individual investigators
across many disciplines.  Telescopes  provide
another example of large devices or facilities that
serve individual investigators. But many other
large projects do not directly complement small
science activities. Priority setting is therefore be-
coming much more of an issue because all pro-
posed megaprojects may not be supportable
without affecting the underlying national science
base.

"An additional two programs (Advanced X-Ray Astrophysics Facility and Comet Rendezvous Asteroid Flyby Mission/Cassini) were par-

tidly terminated.

“This figure is based on ,“basket” of large projects tracked by the Congressional Research Service. See Genevieve J. Knezo, Major Sci-

ence and Technology Programs: Megaprojects and Presidential Initiatives, Trends Through FY 1996, Requested, CRS Report for Congress

(Washington, DC: Congressional Research Service, Mar. 27, 1995).

“For example, carrying out the present development plan for a tokamak fusion reactor implies a doubling or even tripling of the annual

magnetic fusion budget from its present level ($373 million in FY 1995). See chapter 3.
“These facilities will be used by researchers in a number of different fields, including materias science, condensed matter physics, chemis-

try, and molecular biology.
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The International ~ Space Station is depicted in its completed operational state, with elements from the United States, Europa,
Canada, Japan, and Russia.
OWwhy Are Big Science Projects So Big? ~ sion, will require apparatus (accelerators,

The development of large projects has been driverfletectors, reactors) of unusual size and sophistica-
by several factors. In some fields of inquiry, scien-tion. The International Space Station project—an
tific projects or undertakings must be large ineffort to build and operate a permanently occupied
scale in order to advance and demonstrate the ufFarth-orbiting facility-is, by its very nature, a
derlying science or to achieve specific technicalcomplicated, immense undertaking. Other classes
goals. For example, probing the high-energyof problems, such as climate change, are truly
domains that will provide new insights into the 9lobal in nature. They require broad-based mul-
fundamental characteristics of matter, or demon-finational, multidisciplinary initiatives to develop
strating the feasibility of controlled nuclear fu- Petter scientific understanding of fundamental
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physical processes and to ensure the internation
credibility of scientific results:

Other motives, less directly related to basic re
search questions, also underlie the developmer®
of megaprojects. Large science projects are ofte
viewed as symbols of national prestige. They ma
in addition, serve as vehicles for building up do-
mestic capabilities indifferent scientific and tech-
nical fields, and thus enhancing nationa
economic  productivity. Political or “foreign
policy imperatives confronting governments can
play an important role in launching large projects,
as can the desire of research institutions to sustai
or enlarge their portfolio of programs.

CIExperience in International Scientific :
Collaboration Rt
The United States has participated in a variety of
international science undertakings, both large and
small, over the past few decades. Some of these in-
ternational activities have deve|oped from U.S. The Ocean Topography Experiment (TOPEX)/Poseidon is a
domesiic projects. The United States has also pafistr'se /o e e e St oo e o,
ticipated in joint research organizations and proj-to observing the Earth's oceans.
ects, and is a contributing member in still other
arrangements and organizations. This scientific _ _ o
collaboration can take many different forms in- the exchange of information ardor scientists and
V0|Ving Varying degrees of research integration,prOWde for access to faCIlltIes._ There have also
financial and legal obligations, and managemenP€en a number of small- to medium-scale collabo-
oversight, as described in box 1-1. Large projectgative efforts involving the development of spe-
have covered a broad spectrum of activity fromcialized instrumentation sponsored by the
pure fundamental research to near-commerciaPepartment of Energy (DOE), the National Sci-
demonstrations (e.g., coal gasification). ence Foundation, and the National Aeronautics
For decades, the United States has enjoyed n@nd Space Administration (NASA) .17
merous successful small-scale scientific coopera- Big science projects, however, present a differ-
tive efforts, principally through bilateral ent picture. Until recently, the United States has
agreements. Typically, these agreements involvepproached most megascience projects as primar-

“The worldwide global change research program, as presently conceived, could have a cumulative multinational cost approaching $100
billion by the year 2020. See President's Council of Advisors on Science and TechnMeggprojects in the Science@Vashington, DC:
Office of Science and Technology Policy, Executive Office of the President, December 1992).

“For example, the expertise gained from the development of superconducting magnet technology for particle accelerators and for magnet-
ic fusion could ultimately be applied to such commercially important applications as magnetic resonance imaging, electric motors, advanced
materials processing, and energy storage. U.S. Congress, Office of Technology Asseldghefiemperature Superconductivity in Perspec-
tive, OTA-E-440 (Washington, DC: U.S. Government Printing Office, April 1990).

“For example, DOE has been involved with a variety of multilateral cooperative activities under the auspices of the Internationd Energy

Agency. See chapter 3 for a discussion of NASA's long history of collaborative activity.
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ily domestic ventures. Most U.S. high-energymember states. Yet, it must also be noted that Eu-
physics, space, and fusion facilities have been deepean countries collaborate extensively in large

signed and funded as national projects, evemeasure because they effectively have little

though there has been growing collaboration irchoice. The funding requirements and technical

these fields at operational levéfsThe U.S. expe- breadth of modern science R&D—especially me-

rience in international collaboration in sciencegaprojects—often make it necessary for European
and technology R&D—where research efforts areountries to join forces across a broad spectrum of
highly interdependent and jointly funded and con{projects and disciplines. This trend has strength-
ducted—is actually quite limited. The United ened in recent years. In the eyes of some observ-
States is only now starting to participate in theers, European scientific collaboration has now

joint planning, construction, and operation ofbecome the norm, driven by European political in-

large facilities or platforms (e.g., ITER and thetegration and the need to pool scientific and finan-

U.S.-Russian activities associated with the spaceial resources.

station.}® These represent more integrated forms

of collaboration than the compartmentalized ap{] Why Collaborate?

proaches in which partners work independentlysjyen the breadth, ingenuity, and vitality of the
on discrete elements of a project, as in the case gfogern scientific enterprise, policymakers in

the European and Japanese components of thgy a1y all countries are confronted with difficult
space station. The United States is still d'scoverchoices in establishing priorities for R&D. In-

ing what particular approaches to internationaly,ded in this process of priority setting and proj-
collaboration can lead to stable, successful execisct selection is determining whether large-scale
tion of long-term projects. ___international science undertakings complement
_In contrast to the United States, other indusyatignal science goals and to what extent they
trialized countries, especially the nations of Westghqyid be supported. At a time when all govern-
ern Europe, have had more extensive experienGgents are sensitive to the strategic economic ad-
with scientific collaborations in projects of all vantages that can accrue from knowledge-based
sizes. Europe's long history of collaboration hasy; technology-based industries, participation in
been motivated and facilitated by a variety of faCinternational projects is evaluated closely. Al-
tors including close geographic proximity, de-ough some countries may see distinct benefits
mography, —high levels —of nonscientific assqciated with multinational partnerships, others
interchange among partner countries, and joingyay deem participation in particular projects in-
competition with the United States. In addition, consistent with the national interest. The latter

the_tr_eaty establishin_g_t_he European Union call§nay be particularly true if a nation is attempting
for joint research activities and programs among

18Examples of national facilities are the Fermi National Accelerator Laboratory, the Stanford Linear Accelerator Center, the National High
Magnetic Field Laboratory at Florida State University, and the Advanced Photon Source at Argonne National Laboratory. Each of these facili-
ties have open access policies that encourage collaboration with foreign scientists.

19 Although Canadian robotics have been on the space station’s critical path from the beginning, the U.S. agreement with Canada provides
for all Canadian hardware, drawing, and materials to be turned over to NASA in the event Canada withdraws from the program. This gives the
agency ultimate control over the contribution and its underlying technology. The same provisions governed the development of Canada’s ro-
botic arm for the space shuttle.
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BOX 1-1: Forms of International Collaboration

International  scientific  cooperation ranges from simple exchange of information and personnel in
particular areas of research to joint planning, design, and construction of equipment or facilties. As
cooperative arrangements become more complex in scale or scope, the need for more formalized or-
ganizational and managerial arrangements increases. The levels of program integration, information
transfer, and financial and political commitment depend on the nature of the collaborative activity. His-
torically, many areas of international cooperation have proceeded on the basis of mutual trust. However,
big science activities involving significant expenditure of human and financial resources require  well-
defined agreements that delineate specific project objectives and responsibilities.

International  scientific  collaborative activities can be classified into four broad categories:’

The joint construction and operation of large-scale experiments and facilies s the most highly
structured and Interdependent form of multilateral collaboration. It involves close partnership among
project participants, with each country having a roughly equal voice in project planning, financing, and
management. This type of cooperation sometimes involves the creation of elaborate institutional mecha-
nisms to facilitate project decisionmaking and execution. Examples include the European Laboratory
for Particle Physics (CERN), a 17-nation consortium that pursues research in high-energy physics; the
International  Thermonuclear  Experimental Reactor (ITER) engineering design activity being pursued by
the United States, Japan, Europe, and Russia; and the European Space Agency (ESA), a 14-member
organization to pursue joint European activities in space.

Lead country collaborations are a less integrated mode of collaboration. Here, one country as-
sumes the lead in pursuing a particular project while inviting other countries to make technical and fi-
nancial  contributions  without taking on significant management responsibilities. The space station s
one example of this type of collaboration. The National Aeronautics and Space Administration retains
principal  decisionmaking authority over its design and planning, while integrating specific technical
modules or components from Russia, Japan, and Europe. Another example is the Hadron-Electron Ring
Accelerator In this project, foreign countries are paying about 30 percent of the costs of operating this
German national facility. Other illustrations of this type of cooperation include the international Ocean
Drilling Program, initiated and led by the U.S. National Science Foundation; detector experiments at the
Fermi National Accelerator Laboratory, to which Japan and Italy contributed key components; and the
Japanese Planet-B  mission to Mars, which involves five different countries.

to preserve or develop national expertise in a par- U.S. approach to collaboration through the late
ticular scientific or technological field.” 1970s. However, the development of scientific

In the United States, the decision to collaborate ~ ambitions and expertise abroad, the constriction
rather than pursue research on a domestic basis  of U.S. government resources at home, and the
has been determined by a set of factors specificto  end of the Cold War may require both a redefini-
U.S. science goals and other interests. The goal of ~ tion of U.S. leadership and a reformulation of the
establishing and maintaining leadership in as  U.S. approach to international scientific collabo-
many scientific fields as possible was especially  ration. In addition, other goals—including
important during the Cold War and dominated the ~ economic competitiveness, foreign policy and na

*As an illustration, the construction of Japan's Subaru telescope in Hawaii is linked to building up its domestic astronomy program and
attracting young people to the field. For this reason, Japan chose not to join the multilateral Gemini collaboration. Other examples include vari-
ous national efforts to develop sophisticated capabilities in launching and deploying satellites.
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BOX1-1: Cont'd.

Distributed science projects, in which countries separately design, fund, and direct portions of
a larger coordinated project, are another form of collaboration. Examples of distributed science projects
include data gathering under the auspices of the worldwide Global Change Research Program; harmo-
nization efforts for human genome research under the Human Genome Organization, sponsored by the
United States and Europe; and the International Solar-Terrestrial Physics Programme involving Japan,
Europe, the United States, and others.

The final category of international cooperation entails specific user group projects, in which indi-
vidual researchers or governments use the experimental faciliies or capabilities of other countries, but
provide the necessary equipment or financing for specific experiments. The wuse of another country's
space capabilies to launch satellites illustrates this type of cooperation. Building instrumentation that
can be used at large neutron beam or synchrotrons radiation facilities is another example. When large
facilites are involved, formal and informal arrangements have allowed scientists from one country ‘re-
ciprocal” access to similar facilities in other countries.

Each of these collaborative forms permits, to differing degrees, the opportunity to reduce or share
costs; to leverage intellectual resources and technical capabilities; and depending on the nature of the
project, to address wider global concerns such as improved international stability.

‘This Classification has been suggested by William A Blanpied and Jennifer S Bond, “Megaprojects in the Sciences,” Me-
gascience and its Background, OECD Megascience Forum (Paris, France: Organization for Economic Cooperation and Develop-

ment, 1993), pp. 43-44.

tional security priorities, and environmental and
social considerations—increasingly affect the
U.S. attitude toward collaboration.”

Current and recent collaborations illustrate the
difficulty in deciding whether to collaborate and
the challenges in clearly defining U.S. goals.
OTA's review of the U.S. experience in interna
tional cooperation in high-energy physics, fusion,
and space has identified several advantages and
disadvantages associated with collaborative ven-
tures.

The scope and complexity of some scientific
initiatives may by their very nature require a mul-
tinational collaborative effort to ensure that re-
search objectives are successfully achieved.”
Indeed, collaboration has long been used to en-
hance the scientific and engineering capabilities
in R&D projects. The pooling of intellectual and
technical resources from throughout the world has
led to important experimental and theoretical ad-
vances in a variety of scientific fields. Moreover,

“See, for exampleWilliam J. Clinton and Albert Gore, Jr., Science in the National Interest (Washington, DC: Executive Office Of the presi-
dent, August 1994), which sets forth broad science and technology policy goals of the Clinton Administration; and National Academy of
Sciences, Science, Technology, and the Federal Government: National Goals for a New Era (Washington, DC: National Academy Press, June
1993), which suggests a framework for establishing science goals and priorities and rethinking the role of “scientific leadership.” See aso:
Ralph Gomory and Hirsh Cohen, “Science: How Much Is Enough?’ Scientific American, July 1993, p. 120; and Eugene B. Skolnikoff, The
Elusive Transformation: Science, Technology, and the Evolution of International Politics (Princeton, NJ: Princeton University Press, 1993).

“For example, some scientific initiatives, such as climate change research, may require that research be carried out at severa geographic

locations around the world. For other initiatives that involve great technical complexity, such as the effort to harness fusion power, collaboration
is viewed by many scientists as an important and even necessary vehicle for achieving project goals.
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with the emergence of new centers of innovatiormultinational project may sometimes be greater
abroad, the only way for the U.S. scientific com-than that of a project carried out by a single coun-
munity to extend its expertise in particular areadry. International projects may require the creation
may be through collaboratidd.As the scientific of elaborate management and logistical arrange-
and technical competencies of other nations banents. For example, engineering design activities
come comparable to or even surpass U.S. capabfbr the proposed ITER project are being carried
ities24 the United States may have to place aut atthree separate locations in the United States,
greater emphasis on having access to foreign faclapan, and Germany. Also, in some cases, cost
lities and participating in multilateral R&D proj- savings may not be as great as expected, because
ects if it is to remain competitive in different participation in international ventures still re-
technical fields. In addition, the upgrading of U.S.quires that investments be made in national pro-
scientific facilities may be necessary to encouraggrams. Without such investments, it may not be
other countries to cooperate with the United Stategossible for individual countries to benefit fully
on both large and small proje@&These consid- from the advances coming from international
erations underscore the need for reassessing tpeojects.
concept of leadership and how national scientific Domestic and international political consider-
expertise can be most effectively advanced, aations can also be factors in pursuing collabora-
well as examining the nature of partnership andion. Projects are sometimes internationalized to
the various approaches to collaboration. raise their political profile and thereby ensure the
Another motivation for pursuing collaboration continuity of funding. For instance, the formal in-
is economic. Concerns over the huge scale angblvement and integration of Russia in the plan-
large cost of some new projects have led scientisting and operation of the International Space
and policymakers in many countries to sugges$tation project was to some degree motivated by
sharing the burdens internationally. Collaboratiorthe U.S. desire to support the Russian reform pro-
is seen by some as patrticularly important to capieess and to promote Russian adherence to the Mis-
tal-intensive research endeavors that lack short- gile  Technology Control Regin®é. Political
medium-term commercial viability. This view has goals have also been an important aspect of Euro-
been presented to support international researgiean collaborative science projeefs.
projects such as ITER and the space station. Col- Other factors, related to changes in the nature
laboration can reduce the net costs that individuadf R&D itself, have induced both scientists and
nations must bear, though the aggregate cost of a

23For example, after the cancellation of the Superconducting Super Collider, a DOE advisory panel recommended that the United States
formally join the Large Hadron Collider project at CERN to ensure that U.S. scientists remain at the forefront of accelerator design and physics
investigation. See U.S. Department of Energy, Office of Energy Research, Division of High Energy PligisiEsiergy Physics Advisory
Panel’s Subpanel on Vision for the Future of High Energy PhyBio&/ER-0614P (Washington, DC: May 1994).

24see footnote 21.

25Many large U.S. science facilities operate at limited capacity because of funding constraints. In addition, there is a need for upgrading
equipment and instrumentation. The fiscal year 1996 budget of the Clinton Administration proposes “adding $100 million above the 1995 level
to significantly enhance the usage of major DOE-operated basic research facilities.” This initiative will “facilitate a more efficient use of the
facilities, boost the number of users by several thousand over 1995, and improve the quality of serBioddedeéthe United States Govern-
ment, Fiscal Year 199@Vashington, DC: U.S. Government Printing Office, 1995), p. 97.

26see U.S. Congress, Office of Technology AssessreBt;Russian Cooperation in Spa@¥A-1SS-618 (Washington, DC: U.S. Gov-
ernment Printing Office, April 1995).

27See Antonio Ruberti and Michel Andre, “The European Model of Research Coopetatioag'in Science and Technolagying 1995,
pp. 17-21.



Chapter 1  Overview and Findings | 13

policymakers to give greater consideration to inty that, even with multilateral burden sharing, the
ternational cooperation. The global nature ofcost of U.S. or any other nation’s participation
some scientific areas, such as the environmentould be prohibitively high. And this of course
may necessitate a more international orientatiocould make it difficult to generate the political
for basic research. The widespread applicabilitysupport necessary to initiate and sustain such proj-
of new technologies coupled with the globaliza-ects.

tion of business may also support a more explicit Another challenge to multinational projects is
international approach to scientific innovation.that the collaborative process itself may inhibit in-
Increasingly, R&D activities in the private sector novation by limiting competition among re-
involve strategic alliances among companiessearchers. Due to the need to achieve technical

from many different countrie®? consensus, collaboration that involves many part-
ners might lead to projects that have somewhat

[J Challenges and Limitations of conservative technical or scientific goals. ITER,
International Collaboration for example, has been criticized by some observ-

While international collaboration may play an in- €S for having a fairly conservative design because
creasingly prominent role in R&D, there remainsPlanners want to ensure that ignition of fusion fuel
a variety of challenges and limitations. Collaboracan actually be achieved. However, collaboration
tion raises fundamental questions about nationdlan also give rise to creative approaches or solu-
goa|s and the U.S. role in scientific and techn0|ogt|0ns because of the wider base of scientific talent

ical innovation. Efforts to increase U.S. participa-that can be tapped. The success of the LHC project
tion in international cooperative venturesat CERN, for instance, is dependent on some ex-
potentially conflict with the U.S. desire to main- tremely ambitious magnet and detector technolo-
tain scientific leadership, prestige, and projecgies. Moreover, itis possible to retain elements of
control. competition within single large science proj-
A number of issues associated with project fi-ects—for example, when two or more research
nancing also can make it difficult to initiate, struc-groups independently build and operate detectors
ture, and execute international projects. Thevhile using the same particle accelerator. A key
difficulty in guaranteeing long-term financial objective for all collaborative activities is to en-
commitment by all project partners introduces arsure that project objectives can be realized without
element of instability to international undertak- suppressing innovative ideas or techniques.
ings. In discussions with OTA, European and Jap- Other challenges to international collaboration
anese government officials and scientistdnclude the need for elaborate management and
particularly questioned the reliability of the decisionmaking mechanisms and the possible
United States in maintaining the continuity andloss of commercial advantage through the transfer
level of funding necessary for international R&D of leading-edge national technologies. An addi-
agreements. Distributing project costs and bendional issue involves striking an appropriate bal-
fitsin amore or less equitable manner among parence between the resources dedicated to
ners continues to complicate collaborationscollaboration and the need for maintaining a do-
Furthermore, some projects may be so expensivaestic education and R&D infrastructure to sus-
orinvolve such a high level of technical uncertaintain and profit from a collaboration. Finally, for

280ne example is the multi-billion dollar development effort of IBM, Toshiba, and Siemens to develop next-generation semiconductor
memory technology. See “Computer Chip Project Brings Rivals Together, But the Cultures \WikBiteet JournalMay 3, 1994, p. Al.
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some R&D projects, there may exist significant Large science projects are relatively few and
scientific and economic implications that couldhighly diverse. They differ in scale, complexity,
warrant the pursuit of purely national effofts.  structure and the degree to which broad national
Policymakers within both the legislative and or global needs are addressed. As a consequence
the executive branches have suggested various their differences, the scientific and social re-
strategies to address the challenges of projettirns from big science projects tend to be incom-
selection and funding stability. Under one ap-mensurate both within a particular project and
proach, countries would cooperate in prioritizingamong projects. For example, some projects in-
and selecting proposed big science projects fromolve the design and construction of a single large
a variety of disciplines by placing these projectdnstrument such as an accelerator, while others
in a common “basket” where their relative costdike the Human Genome Project entail coordina-
and benefits could be traded off against each othdion of research activities that are widely dis-
Others have suggested creating new internationglersed. One project may have an explicit scientific
organizations to coordinate information, facilitaterationale, while another may have broad econom-
collaborations, or manage new international projic, educational, or foreign policy objectives.
ects. Potential mechanisms for ensuring greater Although it may appear reasonable to lump big
administrative and funding stability in multina- projects together for policy and budgetary rea-
tional collaborations have also received the attersons, in practice their disparate characteristics
tion of policymakers and the scientific generally preclude concrete project-to-project
community. Proposals have been made that Corwomparisons. These characteristics of diversity
gress adopt specific multiyear authorizations oand the difficulty in balancing costs and benefits
appropriations for large projects to promote theimmong projects have important implications for
long-term viability. policies addressing big science:

= Generic frameworks for setting priorities
FINDINGS among large science projects on a national or
The opportunities and challenges of international international basis are probably not workable.
collaboration indicate a series of important issues The overall scientific merit as well as the
to consider in structuring future large science un- associated costs and benefits of different proj-
dertakings. OTA's principal findings are presented ects are most effectively evaluated within the
below. broader research and budgetary context of each
specific scientific field.
= The appropriateness and extent of international
collaboration in any large science project can
be determined only on a case-specific basis.

= Big science projects cover an array of disci-
plines and vary considerably in form and
purpose. Thus, funding and research priori-
tization decisions for big science projects are
likely to be more effective and appropriate While big science projects continue to draw
within their respective research fields, rath- congressional attention, they are only one exam-
er than among a group of unrelated costly ple of the major budget challenges facing federal
projects. R&D efforts overall. Priority setting occurs

29For example, synchrotron radiation facilities are heavily used by U.S. academia and private industry, and thus might be regarded as essen-
tial investments in national scientific infrastructure. In the area of applied research, the federal government has spent nearly $800 million over
an eight-year period in supporting the SEMATECH consortium. This consortium of U.S. semiconductor producers and suppliers was created to
bolster U.S. capabilities in semiconductor processing and manufacturing to ensure a viable microelectronics commercial and defense base. U.S.
member companies matched the government contributions to the project.
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throughout the federal government at many differ j R = 0 ¢
ent levels. At the highest level, scientific priorities S et
are compared to other conscience needs. Priorit i —
are also determined within particular disciplines. m
.However, attempts at setting priorities across cif == =i
ferent scientific fields have suffered from a lack ofE T T el -
consensus and have been largely unsuccessf
Because large projects are not readily comparable
and their political components make eachizsm
unique,” any attempt to develop a priority-setting ".__

scheme for big projects is likely to encounter a vag:l_—
riety of obstacles. Consequently, the largely a<=v
hoc funding process for big projects will be diffi /
cult to change. Still, many observers believe th o S ——
some mechanism of pnonty Settlng for |arge pr0] Under a bilateral agreement, the Japanese contributed to
ects. whether domestic or Internatlonal is essenoperat/ons and upgrade of the Doublet IlI-D (0/1/-0) tokamak
) at General Atomics in San Diego in exchange for “hands-on”

tial.“ operating experience later transferable to their new JT-60

These observations have particular relevance tépkamak.
the proposed basket approach, under which major
science projects in different disciplines would be
identified and placed in a common group or baskety, and thus they cannot easily be lumped together.
for nations to select or trade off one project againstn addition, projects can encompass very different
another. For example, if two or more big sciencetechnologies, and consequently individual coun-
projects were being built contemporaneouslyiries may be interested in participating or hosting
there hypothetically could be some trading ofarticular projects and not participating in others.
costs and benefits between them. Under this sceBig projects also have a variety of objectives. For
nario, one nation might agree to host a new highexample, while some large science projects may
energy physics facility, while another might host have very specific goals such as achieving con-
a fusion facility. In theory, this would provide a trolled ignition of fusion fuel (ITER) or discover-
means for different countries to share both the buring anew class of fundamental particles (the LHC
dens and the benefits of international science faciat CERN), others may have a broader set of pur-
lities. It could also be a vehicle for building poses. As an illustration, neutron sources and syn-
political support for projects by demonstrating chrotron facilities essentially serve as platforms
that foreign partners are willing to contribute to for small science undertakings. Although the
projects in other countries, as well as those that areosts of these platform facilities maybe consider-
based at home. able,”they could be regarded as long-term

In practice, however, the basket approach has mvestments that provide the underlying infra-
variety of limitations. The timing and develop- structure for decades of research in a variety of
ment of various projects usually differ significant- different disciplines (e.g., materials science, sol-

SRRl TN

“For example, some programs and projects, particularly those that are capital-intensive, have developed strong industrial constituencies.

“For example, see Wiliam A. Blanpied and Jennifer S. Bond, “Megascience Projects: Challenges for the 21st Century,” prepared for the
International Workshop on Equipping Science for the 21st Century, Amsterdam, The Netherlands, April 1992. For a discussion of possible
criteria that might be used in cross-discipline priority setting see Office of Technology Asses§iedetally Funded Researchfootnote 2.

“For instance, the recently terminatgdvanced Neutron Source had an estimated cost of $3.2 billion, and the nearly completed Advanced
Photon Source will cost approximately $800 million (including both construction and related R&D costs).
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id-state physics, chemistry, and structural biolo= Early and explicit consideration of interna-
gy). Having ready access to such facilities could tional collaboration in the planning and au-
have long-term implications for scientific and in-  thorization process for large projects would
dustrial competitiveness. better identify opportunities for cooperation.

In general, the development of proposals for S _
scientific projects is very much a “bottom-up” There are _clea_lr reasonsto con&dermte_rnafupn-
process. The scientific community plays a majoral collab(_)ratlon in any large, complex s_C|ent|f|c
role in setting the scientific agenda, and years ardndertaking. Among them are the potential for re-
often required for specific and detailed researclfucing costs, sharing risks, and enhancing scien-
proposals to take shapéDepending on how the tific capabilities. Indeed, some scientifically
basket idea is applied, it could undermine this botworthy but expensive projects might not be pur-
tom-up process. An ad hoc procedure of apporsued at all unless carried out on a collaborative ba-
tioning projects among different countries mightSis. A more proactive approach to international
come into conflict with a previous|y agreed on na_COOperation would prOVide the United States with
tional R&D strategy, or might weaken a nation's@ broader set of scientific and budgetary options,
effort to develop specific scientific or technical and would ensure more effective and mutually ad-
expertise. For these reasons, the basket approa¢@ntageous collaborations in the future.
is considered by some policymakers to be infeasi- A variety of benefits could result if internation-
ble34 al collaboration for large science projects were

At some level, though, there must be a linkingconsidered as an option early in the planning pro-
of bottom-up planning and review procedurescess. Projects can benefit from formal cooperative
with top-down priority setting, and thus somearrangements even in their preliminary R&D
multilateral decisionmaking framework for large stages. Such arrangements can foster “buy-in” to
projects will probably need to evolve (see findinglater technical choices and decisions by potential
below). In the near term, it is possible that an inpartners, and can result in a more efficient project
formal distribution of big projects to different re- development phase as well as a more thoroughly
gions of the world will still occur. considered final proposal. An example of this ap-

Since future large science projects are likely tgoroach is in the field of high-energy physics,
be relatively few in number, approaching them orwhere the development of the underlying acceler-
an individual basis should not be burdensome foator physics and technology for the Next Linear
policymakers or scientists. For the foreseeable fuCollider (NLC)?® is being coordinated and re-
ture, megascience projects will probably best beiewed by a collaborative working group repre-
realized when the most interested parties simplgenting laboratories in the United States, Europe,
choose to collaborate. Japan, and the former Soviet Union.

33The U.S. government, for example, relies extensively on expert advisory panels to review scientific project proposals and to determine the
long-term agenda of particular research fields. In Europe, the newly opened European Synchrotron Radiation Facility required almost two de-

cades of discussion and planning before it was completed.

34n OTA discussions with European and Japanese science policy officials, the basket approach was dismissed as being impractical. How-
ever, under certain circumstances, it may be feasible to have a “small basket” for a specific field of research. For example, the effort to develop
fusion power has a variety of different requirements including the construction of an engineering reactor such as ITER, an advanced physics
machine such as the Tokamak Physics Experiment, and a materials irradiation facility. Nations participating in the international fusion effort

could perhaps decide to share costs and distribute benefits by building each of these facilities in different countries.

35The NLC is an electron-positron collider now in the concept and early development stage. It is regarded as a complementary instrument to

the Large Hadron Collider at CERN.
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The United States has sometimes pursued in- As part of the procedure for funding new proj-
ternational partnerships after facing budget conects, agencies could be required to prepare an
straints well into a project, as in the case of thanalysis that includes the following elements:
Superconducting Super Collider (SSC), the space R

. ; * an assessment of whether a proposed project is
station, and the Earth Observing System (E€§S). t00 costlv or technically challenaing for an
In the case of the SSC, the United States sought one arty' y ging y
foreign partners as a way of sharing costs well af- party, L .

L . . o = the international scientific context of the proj-
ter key scientific and engineering decisions had ect: other countries’ broarams. capabilities
been made and therefore had difficulty in securing and oals: prog » cap '
commitments. In the case of the two space proj- 9 ' . . .
; . : = the nature of U.S. discussions with other coun-
ects, the United States might have saved time and _ . S
: : o tries about collaboration;
money, increased program technical sophistica; rospective commitments of other countries
tion, and avoided tensions with partners if it had brospe , . .
. . (technical and financial) to the project or to
planned more extensive and integrated collabora- : : i
competing projects;

tions from the beginning (see chapter 3). In other national security, commercial, legal, and

cases, scientists and project planners gave serious S .
) . . . .~ technology-transfer implications of interna-
consideration to collaboration only after being di- . o
: tional collaboration; and
rected to do so by Congress. For example, thisoc- .~ .0 "~ . .
: . ® justification for seeking or avoiding such col-

curred when Congress directed the National )

. . L laboration.
Science Foundation to pursue the Gemini tele-
scope project on an international rather than a na- Such a review process would force consider-
tional basis. ation of collaboration at the start of projects, there-

One approach Congress might consider isto rddy better ensuring that opportunities to col-
quire agencies to provide justification for pursu-laborate are not missed and that inappropriate col-
ing or not pursuing international collaboration if laborations are screened out. It should be noted
projects exceed a certain monetary threshold—fathat under this framework, the decision to pursue
example, $100 million. The specific thresholda project on a national or international basis would
value is less important than the exercise of explorstill depend on the specific nature of the scientific
ing the possible scientific and fiscal benefits of in-undertaking.
ternationalizing a proposed project or elements of In each case, policymakers need to ascertain
a project. As an alternative, policymakers mightwhether the greatest scientific, budgetary, and
compare the projected annual peak spending for@ammercial leverage can be achieved by entering
project to the annual appropriations for the releinto partnerships or by pursuing projects domesti-
vant overall program. For example, the SSC need:ally. In some circumstances, collaborative
ed a peak appropriation of nearly $1 billion on toparrangements can enhance U.S. scientific capabil-
of a base program in high-energy physics that waisies; in others, scientific and national objectives
being funded at a level of $600 million. Thus, can be met better by pursuing projects on a domes-
from this perspective, the SSC was a strong candiic basis. Collaboration may not always be the
date for international collaboration. most desirable or efficient means for achieving

36 The space station program contained collaborative elements from the beginning, but until only recently all critical aspects of the project
remained firmly under U.S. control. Although the Canadian robotics contribution has been on the project’s “critical path” from the beginning,
the U.S.-Canadian agreement assures ultimate project control for NASA in the case of Canadian withdrawal from the program. The EOS pro-
gram originally envisioned foreign technical contributions that would complement data provided by planned U.S. instruments or which, in one
case, would provide unique sensor capability. Subsequent budget reductions caused NASA to downsize the program, eliminate some U.S.
instruments, and greatly expand its reliance on foreign instruments for certain data.



18| International Partnerships in Large Science Projects

technical goals. Moreover, if particular projectsfor major science projects. Differences in govern-
can strengthen the national skill base, or providenent structure and in approaches to science re-
opportunities to improve economic productivity, search planning, budgeting, and funding
collaboration might not necessarily be in the naprocesses among the United States and its partners
tional interest. also contribute to the perception that the United

Furthermore, in some instances, it may beStates is less able to sustain its obligations.
beneficial to construct multiple facilities. Having  Commonly cited as examples of shifting U.S.
parallel facilities—whether within a country or in international commitments are two projects that
different countries—can broaden access to faciliwere terminated after the United States had
ties or instrumentation and encourage more conentered into international collaborative agree-
petition and innovation in particular disciplines. ments—the Solvent Refined Coal Il demonstra-
For example, the United States, Europe, and Japaion project canceled in 1981 (see box 1-2) and the
are each sponsoring major new x-ray synchrotrot).S. spacecraft for the International Solar Polar
radiation facilities (see chapter 3). Although eachMission canceled in 1982 (see box 1-3).
of the projects (varying from $800 million to $1  Among the factors leading to the termination or
billion in their respective construction and devel-rescoping of projects were changes in administra-
opment costs) has similar technical characteristions and policies, and increasing budget pressur-
tics, they are not necessarily redundant because e. These changes in U.S. priorities may not have
the utility of synchrotron sources to a variety ofsurprised seasoned political observers, but foreign
scientific fields and industries. partners were in some cases dismayed by the
abruptness in which the U.S. decided to withdraw
from specific international endeavors. In particu-
lar, foreign scientists were largely unprepared for
the sudden cancellation of the SSC and the re-
designs of the space statioh.

Although these project histories provide some
basis for the widely expressed view that the
United States has been an unreliable partner in sci-
ence collaborations, changes in U.S. positions
have generally occurred for identifiable reasons,
and often involved extensive thought and debate.

Questions about the reliability of U.S. commit- In some cases, projects have been terminated due
ments to international scientific collaborationsto serious cost escalation or poor project manage-
were frequently raised by U.S. and foreign gov-ment. Others have been canceled in the face of
ernment officials, and other interested observerspecific agency budget constraints. These deci-
in interviews with OTA. These concerns can besions have tended to be exceptions to the U.S. re-
traced to a few international projects canceled ircord in international collaboration. In other
the early 1980s, U.S. design changes on the Inastances, U.S. research agencies have given
ternational Space Station, the cancellation of theriority to support of international efforts over do-
SSC, and to funding uncertainties associated witmestic projects in the face of unexpected budget
the U.S. practice of making annual appropriationguts. For example, the U.S. Department of Energy

= Although the United States has generally
met its fiscal and performance obligations
under international arrangements for scien-
tific cooperation, and often assumed a large
share of funding responsibility for projects,
concerns persist among potential partners
about the reliability of U.S. commitments.
Future partnerships may have to be more
formally structured to address these con-
cerns.

37See discussions of these projects in chapter 3 of this report.
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BOX 1-2: The Solvent Refined Coal Il (SRC-l) Demonstration Project

The SRC-ll demonstration project was one of a number of aggressive efforts to develop commer-
cial synthetic fuels begun in the energy crisis atmosphere of the 1970s. The SRC-Il project was to be a
$1.5 bilion (1981 dollars) demonstration plant in Morgantown, West Virginia, that would convert 6,000
tons per day of high-sulfur, high-ash bituminous coal into a light distillate through a direct coal liquefac-
tion  process.

The project was initially begun as a phased effort between the U.S. Department of Energy (DOE)
and the Gulf Oil subsidiary, Pittsburgh and Midway Coal Mining Company. The project had been jointly
initiated by Congress and DOE under the Federal Non-Nuclear Energy Research and Development Act
of 1974.

According to some DOE fossil energy officials, the decision to pursue the SRC-Il demonstration
project as an international collaboration was made after DOE agreed to construct both the SRC-Il liquid
fuel demonstration plant in West Virginia and the related SRC-I solid fuel demonstration plant in  Ken-
tucky. DOE had originally planned to select one of the plants for construction after completion of the
design phase. To help offset the costs of budding the two plants, DOE solicited participation from the
Japanese and Germans who had earlier expressed interest in the direct coal liquefaction technology.

In July 1980, an agreement was signed among the governments of the United States, West Ger-
many, and Japan to sponsor the project, A joint venture was formed with Gulf and with Japanese and
German industrial firms to carry out the project. Under the agreements, DOE was to contribute about 50
percent of the total cost, Japan and Germany were to provide about 25 percent each, and corporate
participants were to provide $100 million in cash and in kind,

In 1981, the Reagan Administration sought to terminate funding for SRC-l and a number of other
energy demonstration and commercialization efforts, The objections were both economic and political,
By 1981, oil prices were trending downward and the crisis atmosphere had abated, Concerns over fed-
eral spending were leading to increased pressure for cutting back programs of all kinds, As a policy
matter, the Reagan Administration felt that such demonstration and commercialization efforts were not
appropriate for funding directly through the government but rather should be done by the private sector
or the Synthetic Fuels Corporation, The project was eventually terminated by a joint decision of DOE,
West Germany, and Japan in June 1981, The remaining unobligated funds were transferred to energy
conservation  activities.

Although U.S. and German government officials were somewhat indifferent to the fate of SRC-I,
Japanese government officials were dismayed by its demise, according to OTA interviews, The careers
of Japanese government employees who had been instrumental in Japan's participation in SRC-ll were
said to have been adversely affected as a result. Still other sources suggested that Japanese participa-
tion in SRC-ll had been a quid pro quo for granting them access to the General Atomics DIII-D fusion
tokamak technology and had been an attempt to insulate the troubled synthetic fuels project from politi-
cal attack.

interestingly, the cancellation of SRC-ll, just one of many early synthetic fuels ventures aban-
doned amid falling oil prices, has not been of high concern in the area of fossil fuels research, but has
attained the status of legend among high-energy physicists, fusion researchers, and space scientists,
Despite the rather clear rationale for its termination, foreign policymakers frequently cite the SRC-Il en-
deavor as an example of the United States failing to honor its International obligations.

SOURCES: J Freel et al , “Synfuels Processing The SRC-II Demonstration Project, ” Chemical Engineering Progress, vol 77, May
1981, pp. 86-90; Wiliam C Boesman, Big Science and Technology Projects: Analysis of 30 Selected U.S. Government Projects, CRS
Report to Congress, 94-687-SPR (Washington, DC: Congressional Research Service, Aug 24, 1994), pp. 24-25, and Off Ice of
Technology  Assessment, 1995




20 |International Partnerships in Large Science Projects

-BOX 1-3: The International Solar Polar Mission (ISPM) or Ulysses

Between 1974 and 1979, the National Aeronautics and Space Administration (NASA) and the Eu-
ropean Space Agency (ESA) designed a highly collaborative two-satellite mission to study the poles of
the Sun. In March 1979, NASA and ESA signed a Memorandum of Understanding (MOU) that planned
for launch in 1983. Obtaining funding for the mission proved to be more difficult than designing the
project, Although funding for the ESA satelite was not in doubt, the pressures of financing the comple-
tion of the space shuttle constrained NASA's ability to fund its $250-million ISPM budget. The ISPM re-
ceived its first request of $13 milion for fiscal year (FY) 1979, despite intense shuttle-related budgetary
pressures. In FY 1980 and 1981, with pressures to complete the shuttle further constraining NASA's
budget, ISPM survived two attempts by the House Committee on Appropriations to terminate it.

The final challenge to ISPM came in FY 1982, when the Administration cut NASA's science bud-
get from $757.7 milion to $584.2 million. NASA could meet this cut only by terminating one of its three
large, scientific, satellite development programs: Galileo, Hubble, or ISPM. NASA decided to cancel the
U.S. spacecraft in the ISPM and to delay launch of the European satellite until 1986.

The Europeans reacted with surprise and indignation—both at having been given no prior notice
of cancellation and at the idea that an international agreement could be canceled at all. At a heated
meeting between ESA and NASA officials in Washington shortly thereafter, ESA noted that it had chosen
ISPM above a number of purely European missions to foster transatlantic cooperation and argued that
the United States had unilaterally breached the MOU. NASA noted that the MOU had a clause allowing
either partner to withdraw from its obligations if it had funding difficulties, but ESA officials said they
thought that NASA would invoke this provision only in an extreme case.

The Europeans mounted intense diplomatic pressure at the Office of Management and Budget
(OMB), the Office of Science and Technology Policy, the Department of State, and NASA to save the
mission, proposing that NASA fly a simpler spacecraft, costing $40 million instead of the original $100
million, based on what was being built in Europe for ESA. NASA supported the new plan, but was told
by OMB that no additional funding would be made available and that, if NASA wanted to keep ISPM, it
would have to find the resources in its existing budget. In September 1981, NASA informed ESA that
funding would not be sought for the European alternative, although the Europeans were encouraged to
continue with the mission using just one spacecraft.

magnetic fusion energy program has consistently
supported ITER design activities.™

Further complicating international scientific
collaborations are the differences between the par-
liamentary government systems of our partners, in
which executive and legidative authorities are
merged, and the separate executive and legidative
branches associated with the U.S. system of
checks and balances. Ministers of parliamentary

governments can effectively make and uphold
long-term commitments. Under the U.S. system,
executive branch officials cannot offer guarantees
to the same extent. Additional action by Congress,
such as support of authorizations, appropriations,
treaty ratifications, or resolutions of approval,
would be needed for an equivalent indication of
government support.

*For a recent history of the DOE fusion energy research programs, see U.S. Congress, Office of Technology Assessment, The Fusion Ener-
gy Program: The Role of TPX and Alternate Concepts, OTA-BP-ET1-141 (Washington, DC: U.S. Government Printing Office, February 1995),
ch. 2. DOE's decision to give priority to maintaining ITER funding over the U.S. base program was supported in reviews by U.S. fusion scien-

tists.
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BOX 1-3 Cont'd.

Cancellation of the US. satelite degraded the mission's scientific potential, eliminating about half
of the originally planned instruments, and 80 positons for U.S. and European scientists, Cancellation
also meant that the $15 milion spent by European scientists on experiments for the U.S. spacecraft
would be wasted, In 1982, ESA decided to proceed with a one-spacecraft mission, renamed Ulysses.
Ulysses was scheduled to be launched in May 1986 but was delayed for more than four years by the
Challenger accident, It was finally placed in orbit around the Sun by the Shuttle Discovery in October
1990,

Europeans contend that the ISPM cancellation deeply weakened their confidence in the reliability
of U.S. commitments, According to ESA officials who participated in the ISPM negotiations with the
United States: “NO one can deny that the ISPM crisis had a profound and lasting effect on the attitude of
ESA towards NASA and on international cooperation in general, " They contrast the attitudes of the two
partners to the MOU, seen as hinding by ESA but a “sort of—loose--gentlemen’s agreement” for NASA
that was irrelevant to its internal deliberations when NASA was faced with budgetary cuts in its annual
reviews, In subsequent negotiations, the Europeans have sought deeper cooperation and consultation,
They contend, however, that a basic problem remains, ISPM and the negotiations over the space sta-
tion (which they also describe) “show how difficult it is to conduct m a cooperative framework a space
project whose funding requires yearly authorizations without a long-term commitment, ™

US. analysts also lament the ISPM cancellation and the manner in which Europe was informed,
However, they note that NASA did provide a nuclear power source (radioisotope thermal generator) for
onboard electrical power, a space shuttle launch, and tracking and data support for the Ulysses mis-
sion, These elements translate to a U.S. financial commitment of over $500 million to the project. More-
over, as one analyst notes, ESA may have overestimated the legal status of an MOU and the strength of
U.S. congressional commitment to the project from the beginning, Further, ESA has been adept at em-
phasizing the legacy of ISPM cancellation and using American contrition as a “bargaining chip” in sub-

sequent negotiations,’

(Cambridge, MA: Harvard University Press, 1994), p. 118

'Roger M. Bonnet and Vittorio Manno, International Cooperation in Space: The Example of the European Space Agency

Joan  Johnson-Freese, Changing Patterns of International Cooperation in Space (Malabar, FL: Orbit Book Co. ), 1990, P 44

Parliamentary systems, however, are not im-
mune to changes in government and resultant
shiftsin policy, and under both systems, funds for
research projects are subject to periodic legidative
approval. But as noted later in this chapter, Euro-
pean and Japanese governments commonly ap-
prove multiyear scientific research programs. In
contrast, the risks of periodic legidative reviews
have been heightened in recent years for U.S. re-
searchers. Specific authorizing bills for many
large science research projects have not passed

Congress; instead, many projects have relied on
annual appropriations.

Changes in project scope and commitment, and
the unpredictable nature of the U.S. budget pro-
cess, continue to make foreign partners hesitant
about collaborating with the United States. Thisis
particularly true in areas where foreign programs
are dependent on a U.S. program, as in human
space flight operations. Since the Japanese, Euro-
pean, and to some extent, Russian human space
flight programs are now focused around their con-
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tributions to the space station, cancellation or furexample, legislation has been introduced in the
ther major redesign could have highly disruptivel04th Congress authorizing over $13.1 billion, in
consequences for these U.S. partd@is con- annual installments of about $2.1 billion over fis-
trast, in a coequal and phased collaboration suatal years 1996 to 2001, for construction of the
as ITER, concerns about U.S. reliability are lesspace statioA? This step is being taken primarily
acute. Since ITER partners have fusion programt® increase the confidence of foreign partners in
that are comparable in size and sophistication, the U.S. commitment to the projéétAppropri-
pullout by one partner or even cancellation of theations that remain available beyond one fiscal year
entire project would likely have a less significantare not uncommon for large defense and space
impact on the direction and viability of the part- construction and procurement programs. Con-
ners’ domestic fusion programs than cancellatiomress can also provide specific contract authority
of the space station would have on some foreigto allow sponsoring agencies to enter into multi-
space programs. year contracts to support project activities.
Various mechanisms are available for addres- Although multiyear funding can provide a
sing the concerns of potential partners about thgreater measure of assurance to foreign partners,
reliability of U.S. international commitments and it can raise difficult budget challenges and is not
to meet the added challenges of multinational efirevocable. Upfront appropriations may limit the
forts. These include a shift in how the U.S. comlexibility of both a particular project and of future
ponents of international projects are authorizedederal budgets. It is important to remember that
and funded—from annual to multiyear ap-unexpended appropriations may be rescinded by
proaches—and the use of explicit provisions in in-Congress and subsequent Congresses are not re-
ternational agreements to enhance projeajuired to appropriate fundsto meet full authorized
stability. International scientific projects in- levels. Given recent experiences with some large
herently bring a more complicated structure, withscience projects, management reforms to assure
additional layers of decisionmaking and managemore accurate project cost estimates and im-
ment, than purely domestic ventures. The succeggoved project planning, may be necessary to
of international collaborations may require com-boost congressional confidence in such multiyear
promises and special institutional arrangementsommitments (see finding below).
that accommodate the differences among parties Greater care in structuring the processes by
in procedures and schedules for planning, approwhich the United States enters into international
ing, and funding large science projects. partnerships and in the terms of those agreements
There are established multiyear funding mechean also enhance stability. Early consideration of
anisms in the U.S. budgetary, appropriations, anthe possibility for international collaboration on
procurement processes that could be tapped fdarge science projects and continuing consultation
more predictable funding of international effortswith prospective partners could help avoid the
if policymakers so choose. Among them are proproblems encountered when partners were sought
viding multiyear authorizations, multiyear ap- late in project design. In negotiating agreements,
propriations, advance appropriations, and fullthe partners can include provisions that detail re-
funding of the total estimated project costs. For

39n interviews with OTA, Japanese space officials indicated that cancellation of the space station could have “catastrophic” consequences
for their space program.

40H.R. 1601, International Space Station Authorization Act of 1995, was introduced May 10, 1995. The cap of $2.1 billion per year is de-
signed to impose spending discipline.

41Robert S. Walker, Chairman, House Committee on Science, comments at media briefing, Apr. 6, 1995.
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sponsibilities in case a partner is forced to with-some international research efforts in addition to
draw or cannot fulfill financial commitments. In its responsibilities for nuclear arms control.
projects where there are substantial uncertaintiebreaty agreements among European nations form
about technical feasibility and costs, a phasethe basis for CERN, the European Space Agency
approach to project commitments can aid collabo(ESA), and collaborative research on fusién.
ration#2 Encouraging opportunities for collabo-  Even if there is a deeply held belief that the
ration will have to be balanced against the need tnited States can be unreliable, it seems not to
ensure that U.S. agencies and Congress fulljave outweighed the benefits to other nations of
understand and support the financial and othencluding the United States in projects. There con-
commitments needed to carry the project to comtinues to be no shortage of international interest in
pletion. having the United States as a partner in collabora-

Some have suggested that the use of treatig¢ive science projects. Among the current exam-
might be effective in formalizing collaborative ples, all at various stages of planning, are: the
commitments in cases where projects are of stratéHC, the NLC, and ITER. In certain areas, such
gic importance to the United States and its foreigmas space, countries such as Japan and Russia have
partners. Since treaty commitments require théed their own national efforts directly to U.S. acti-
approval of the Senate, proponents of this apvities and goals. As new areas of scientific inquiry
proach reason that such agreements could effeand new types of problems emerge (e.g., global
tively insulate key projects from changing budgetclimate change), the United States will no doubt
priorities and improve the confidence of our part-continue to be regarded as an indispensable part-
ners. On closer examination, use of treaty arrangeer, if not the principal leader in addressing such
ments for large international science projects isssues.
not attractive. Due to the inevitable changes
associated with long-term scientific and techno-
logical undertakings, treaties are a rather inflex-
ible and process-intensive vehicle for structuring
scientific collaborations. No single U.S. science
project has ever been subject to the treaty ratifica-
tion process. Few, if any, collaborations are likely
to_reqwre such a h'gh Ieve_l of_goyernment com- part of the United States in fulfilling its in-
mitment or the associated institutional structures ) .

L : . ternational commitments.

characteristic of treaties. Moreover, the existence
of treaty obligations has not prevented Congress The withdrawal of the United States from par-
from refusing to fund the U.S. contributions underticular international and domestic projects has
these arrangements, and there are generally felmeen precipitated by a variety of factors including:
mechanisms available to enforce such requirechanging national goals and budgetary priorities,
ments. Treaty obligations have in the past beersteep cost overruns following submission of un-
used to sanction U.S. participation in multination-realistic cost estimates to secure initial political
al organizations such as the International Atomi@pproval of projects, inadequate project planning,
Energy Agency (IAEA), which does facilitate and the difficulties of dealing with unforeseen

To assure long-term political and funding
support of large science projects, early and
thorough project cost and performance
analyses are essential. However, improve-
ments in project planning and cost estima-
tion alone will not be sufficient to ensure
project stability or greater reliability on the

42such a phased approach is being used in the ITER collaboration with separate agreements for conceptual design, engineering design acti-
vities, and construction and operations. The parties are now in the midst of the engineering design activities and will negotiate a new arrange-
ment on whether and how to support construction and operation.

43In addition, the space station agreement was treated as an intergovernmental compact by European nations, as it was discussed and ap-
proved by the parliaments of all ESA member states.
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technical challenges. All of these played arole in
eroding support for megaprojects that initially had
strong backing in both the legidative and execu-
tive branches.

Although more detailed engineering and cost
estimation procedures could enhance the viability
of large and complex scientific undertakings, such
improvements still might not be enough to ensure
the ultimate completion of projects. For example,
in early 1995, after amost a decade of rigorous
planning and review costing nearly $100 million,
the Advanced Neutron Source was terminated be-
fore entering the construction phase, principally
because of its high cost of $2.9 billion (see chapter
3). In other cases, projects entailing particularly
risky technological aspects could encounter cost
escalations, despite the thoroughness of the plan-
ning and management procedures.

Nevertheless, extensive and careful prelimi-
nary work on the technical and economic feasibil-
ity of a project is essentid to sustained
commitment and success. As an illustration, the
origind EOS plans were restructured and re-
scoped due to questions about the initial design
concept and overall project implementation (see
table 1-2). The first EOS plan was criticized for its
cost, the long period of time before the system
could provide policy-relevant data, and its depen-
dence on just two platforms to carry the program's
instruments. Difficulties also plagued the SSC
project and eroded congressional support.
Changes in magnet design led to increased project
costs, which in turn raised questions about SSC
management and performance.” The United
States sought foreign partners as a way of sharing
costs, but only after key engineering and siting de-

TABLE 1-2: Earth Observing System

Program History

Phase Year

1982-1987
opportunity 1988

Mission  planning

Announcement  of

Peer review process

Letter review
(academia/government)
Panel review
(academia/government)

Prioritization ~ panel  (government) 1988-1989
Announcement  of  selection 1989
Definition  phase 1989-1990
New start 1990
Execution  phase 1990 on
Restructuring  process 1991-1992
Restructuring confirmation 1992
Rescoping  process 1992
National Space Policy Directive 7 1992
Rescoping confirmation 1993

SOURCE National Aeronautics and Space Administration, “EOS
Program Chronology, " 1993 EOS Reference Handbook (Washington,

DC: 1993), p. 9

cisions had been made. When the desired $2 hil-
lion in foreign commitments did not materialize,
support for the project diminished further, which
ultimately led to its termination in 1993.
Changes in the way U.S. science projects are
selected, funded, structured, and managed could
aid the success of international collaborations.
Given the role that unexpected cost escalations
have played in the termination or redefinition of
severa big science projects, improvements in the
planning and cost estimation of megaprojects

“Initially, the project was estimated to cost about $4.4 hillion (in 1988 dollars without an allowance for contingencies); but by 1993, cost
estimates had escalated to over $11 billion. At the time of termination, 15 miles (out of a total of 54) of tunnel had been dug. magnets had been
tested, and $2.2 billion spent, mostly on salaries. Some observers argue that the management of the SSC was politicized and taken out of the
hands of DOE technical managers who had a good record in overseeing the planning and execution of large projects. As a consequence, the
various problems that developed over the course of the SSC endeavor might have been either avoided or addressed in a more effective manner.
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would have several benefft8 More rigorous in- mechanisms that also make it more difficult to ter-
formation about project costs and performanceninate such projects after they are approved. The
and about the potential for international collabora<hallenge for policymakers is to develop a fund-
tion could be useful in the authorization and aping approach that ensures long-term commitment
propriations processes and could lead to morbut simultaneously affords some elasticity in proj-
stable project decisions. Better mechanisms foect design and execution.

planning, engineering analysis, and cost estima_—
tion would permit policymakers to weigh more
accurately the technical and financial tradeoffs of
large scientific endeavof§.This is beneficial—
and perhaps essential—regardless of whether oth-
er mechanisms, such as multiyear budgeting, are
adopted to enhance project stability or to assure
foreign partners.

Different modalities of funding may also be
needed to address technical risks. If, for example, Other countries have elaborate planning and
certain elements of a large project entail particueost estimation procedures, as well as a phased ap-
larly high technical risks, a sequential developproach to project implementation. The United
ment approach might be used to deal with suckstates might draw on this experience in project
uncertainties. This could limit the cost of an un-planning and funding. In Japan, for example, the
dertaking by requiring that extensive prototypingproject planning process is a highly interactive,
or modeling be completed before commitment taconsensus-building exercise that evolves over a
the next phase of the full project can be made. Fdong period of time. The outgrowth of this consen-
instance, if elaborate prototyping of magnets hadus building has been commitment and stability.
been carried out before the entire project was agEarefully conceived project proposals with well-
proved, some of the cost overruns that plagued théefined scientific and technical objectives and de-
SSC might have been avoided. Although a stagegiled cost breakdowns emanate from the bottom
approach to large projects could provide a meansp. These proposals move through a hierarchy of
for managing risk, such a strategy might requireadministrative channels from the laboratory level
that project schedules be extended. In some caselsrough the bureau responsible for the laboratory,
however, excessive conservatism could prevertb the ministry in which the bureau is locaféd,
promising or creative initiatives from ever beingand ultimately to the Ministry of Finance.
realized. Throughout the planning process, a tremendous

It may be desirable to make the initiation ofamount of feedback is elicited. The larger the proj-
large projects more difficult. However, the needect, the more individuals are included in delibera-
for project stability may require the adoption of

Many nations have decisionmaking pro-
cesses quite dissimilar to those in the United
States. These may lead to greater stability,
but less flexibility, in project decisions.
There are signs, however, that increased
budgetary pressures are also affecting the
ability of other countries to sustain their in-
ternational commitments.

49t should be noted that several projects ($500 million or less) have been completed on time and on budget. Examples of successfully com-
pleted domestic projects include the Continuous Electron Beam Accelerator Facility ($513 million), the Stanford Linear Collider ($115 mil-
lion), and the Advanced Light Source ($100 million).

46For example, large projects like ITER require a clear strategy for funding and managing R&D and construction activities. Issues related to
the site, host country regulations, contingency funding, and contract methods can directly affect cost estimates. Frequently, these factors are not
well-defined during the conceptual and preliminary engineering stages when cost estimates are initially developed. Charles Baker, Leader, U.S.
ITER Home Team Leader, personal communication, April 1995.

47For large science projects, the relevant ministries are the Science and Technology Agency and the Ministry of Education, Science, and
Culture.
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tions and the longer it takes for a consensus to h@iated in given years. For very large projects such
reached. as fusion and space, obligations are made to fund
This process establishes accountability fora portion of the budget in each fiscal year.
overall project feasibility at the research level and However, whether these processes can with-
also ensures administrative support until the projstand growing budgetary pressures is open to
ectis completed8In particular, the long planning question. Europe and Japan are now experiencing
process strengthens cost estimations. The higtome of the same budgetary constraints and politi-
level of interaction among researchers and goveal pressures that the United States has confronted
ernment administrators during the planning pro4n recent years. The Japanese Ministry of Educa-
cess reduces the possibility of “low-ball” tion, Science, and Culture, which is the principal
estimates being made merely to secure funtfing. supporter of university research in Japan, has
These commitments are crucial to Japanese funadopted a zero-growth budget for the next fiscal
ing stability and stand in contrast to the fundingyear. It is possible that in the future our overseas
and planning mechanisms of the United Stategartners will have to adopt a more flexible deci-
Project planning and funding by the Commissiorsionmaking process that is closer to the U.S. mod-
of the European Community and individual Euro-el. They may also experience the unexpected
pean countries is also quite interactive in natureproject changes that have been criticized in the
Proposed projects in Europe undergo a great debl.S. system.
of technical and financial scrutiny. As an illustration, the prospective European
Furthermore, in Europe and Japan, scientificommitment to the space station has changed
priorities are usually determined for fixed periodsmarkedly in the past few years and is still uncer-
(five-year projects or programs are typical), thudain. Originally, ESA planned to participate in the
insulating projects from year-to-year changes irstation through the development of an attached
the political and economic climate. Decisions topressurized laboratory facility and a Man-Tended
fund a project or program cannot be easily reFree Flyer (MTFF) that could dock with the sta-
versed or funding easily changed. Historically,tion or operate independently. ESA also coupled
projects have been funded with the clear intentioiits station-related activities to the development of
of seeing them through to completion. In contrastits Hermes reusable spacecraft. This placed sta-
even long-term projects in the United States ar&on participation within a larger plan to develop
subject to annual review and can be sharply reindependent European human space capabilities.
duced or terminated by Congress or a new admirHowever, in the past few years, due in large part
istration. to funding pressures, both the MTFF and Hermes
Although multiyear budgets have been an intewere canceled. Cancellation of these programs
gral part of project planning and have promotechas produced sharp disagreements within ESA
project stability in Japan and Europe, this does natver how to allocate limited funds, how to struc-
mean that long-term budgets are approved and apire European space station participation, and
propriated at the same time. A staged approach ishether ESA should make additional contribu-
used to fund multiyear projects. The project bud{ions to the station program. As a result, plans to
get is divided into segments, which are approbuild a downsized version of the European at-

48For a detailed discussion of this process, see Kenneth Pechter, “Assessment of Japanese Attitudes Toward International Collaboration in
Big Science,” contractor report prepared for the Office of Technology Assessment, December 1994.

49There have been cases, though, where project cost projections in Japan proved to be unrealistic. For example, the H2 rocket launch vehicle
program experienced a $700 million cost overrun because of needed engine design changes. An accelerator project at Japan’s Institute of Ra-
diological Sciences doubled in cost from $200 million to $400 million. Masakazu Murakami, Director, Policy Planning for International Pro-
grams, Science and Technology Agency, personal communication, November 1994.
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tached pressurized laboratory—the sole remain- likely to be a source of contention in almost
ing European commitment to the station—have all future negotiations are technology trans-
yet to be approved. fer and facility siting.

It is important to note, that the European and ) ]
Japanese approaches to project selection and plan-1he United States can study the experiences of
ning, while more stable, might sometimes resulfntérnational science organizations, such as
in projects that have more conservative technicaf ERN and ESA, that have established approaches
objectives than comparable U.S. projects. Thé_or apportioning costs and benefits in collabora-
additional levels of approval required to initiate allVe €fforts. However, the lessons learned by these
project in Europe or Japan could serve to miniorganizations in bringing a number of smaller
mize technical and financial risk or to narrow countries together for joint scientific and indus-
overall program goals. Historically, the sheer sizd"al development may prove of limited relevance
and scope of U.S. research efforts have allowed® Y-S: concems and goals. _ _
much broader portfolio of projects to be pursued, CERN and ESA palicies on basic membership
including those that are more speculative or riskyfontributions and voting illustrate the difficulty of
in nature. This approach allowed the United State@PP!ying their procedures to U.S. participation in
to achieve leadership positions in a variety of dif/ntérnational science projects. CERN and ESA
ferent disciplines. determine basic membership contributions as a

However, as Europe and Japan have developes&‘are of each member’s gross national produc_:t
leading-edge scientific capabilities, their researctind 2ssign e_achomember country an equal vote in
projects have increasingly set aggressive scientif€cisionmaking® This method of allocating
ic and technological goals. The magnet and dete€Osts would be unrealistic for the United States, as
tor technologies being developed for the | Hclit would result in a gross imbalance between the
project at CERN are in some respects much mo,@a_gnitude_ of U.S. contributions and its say in de-
technically challenging than those planned for th&Sionmaking. o
SSC. The Joint European Torus (JET) was the first EUropean science organizations have also de-
tokamak to produce significant quantities of fu_velqped mdgstrlgl return policies to ensure that
sion power using a deuterium-tritium fuel mix. project contributions are channeled back to com-
Also, the Japanese decision to develop an indigé’-anies and research institutions in member coun-
nous rocket-launching capability has by its verylfi€s: ESA, for example, has attempted to satisfy
nature required a technology development efforff@mber demands for equity in contract apportion-

that involves considerable programmatic risk. MeNt by instituting a system of “equitable geo-
graphic return,’whereby each country receives a

= Developing approaches for allocating proj- percentage of project contracts proportionate to its
ect costs and benefits in an equitable man- funding contribution, both for mandatory and op-
ner will continue to present challenges to all tional projects. ESAs system of fair return ap-
participants in international cooperative peared to work well in the past when contracts
ventures. This especially will be the case in were distributed over several years and over a se-
scientific collaborations involving technolo-  ries of projects. But political and budget pressures
gies with potentially high industrial or com-  in member countries in recent years have led to de-
mercial returns. The two issues that are mands for equitable returns on each project, re-

S0At ESA, basic membership contributions are used to fund mandatory science programs. Member governments may contribute additional
funds to finance optional programs outside the agency’s mandatory science budget. In these optional programs, countries receive project con-
tracts proportionate to their financial contribution.
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ducing the organization’s flexibility and possibly is less dominant or where the industrial return is
increasing cost3! CERN and the European Syn- less certain (e.g., fusion research and some areas
chrotron Radiation Facility (ESRF) employ of high-energy physics). As the global community
somewhat looser industrial return rules to ensurbecomes increasingly integrated, scientific and
that prices of contracts come close to the lowegechnological knowledge will no doubt diffuse
bid. more rapidly. Over the past several decades, this
Rather than adopting such prearranged formuprocess of knowledge diffusion has stimulated ad-
las for collaboration, it appears more consistentances in many fields (e.g., biotechnology and
with U.S. national interest to continue to negotiatecomputer and communications technology).
the allocation of costs and benefits on a case-byFhus, preventing technological leakage to other
case basis. The formula and procedures for dissountries or preserving U.S. dominance in partic-
tributing costs and benefits will depend on theular fields will be an increasingly difficult task. In
origin and national sponsorship of each projectgcertain cases, the national interest may dictate that
the science goals and priorities of the participantgshe United States closely control leading-edge
and the resources each nation is willing to comtechnologies as part of a collaborative arrange-
mit. These resources might involve not onlyment.
funds, but also in-kind contributions such as ex- It should be noted, though, that multilateral
pertise, instrumentation, or materials. Since theollaborations may also be a source of new knowl-
United States has joined few international scienedge and technology, and thus participation in
tific organizations or “umbrella” agreements in such ventures will likely have a number of bene-
the pasB2this approach may be the most practicafits for the United States and other nations. In

path for U.S. policymakers to pursue. addition, the involvement of developing countries
in collaborative projects can serve to improve in-
Technology Transfer ternational political stability as well as transfer vi-

Given increased domestic political pressures t&al skills and technologies to other parts of the

link basic science research more closely to natiorworld. Technology transfer should therefore not

al economic development, and the increasingiecessarily be viewed as being at odds with na-
globalization of R&D, an international project’s tional goals.

potential for technology transfer (from or to the

United States) is likely to receive closer scrutinySiting

in the future. Historically, U.S. policymakers haveDecisions over siting have also been a source of
attempted to safeguard areas in which the Uniteténsion in international collaborations and could

States has developed a clear lead or a significaekacerbate competitive pressures in the future.
commercial/industrial advantage (e.g., spacéhe right to host an international science project
technologies). Meanwhile, a more open approachas been a highly sought-after prize—a source of
has been pursued in areas where the United Statesonomic benefit and political and scientific

S1ESA increased its overall country-by-country fair return goal to 95 percent in 1993 and is trying to reach 96 percent by 1996, with a goal of
90 percent within each of its programs. See John Krige, “ESA and CERN as International Collaborative Science Organizations,” contractor
report prepared for the Office of Technology Assessment, December 1994.

52The most significant exception to this rule is U.S. participation in ITER, which is an equal partnership dedicated to a specific project, butis
not an institution. The United States has signed international agreements to coordinate and participate in international Earth observation activi-
ties. However, these Earth observation agreements have been established between independent national programs rather than through a joint
organization.
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minish the economic return to the country hosting
the project. Thus, it may be more advantageous
for the United States in future projects to forego
opportunities to host a facility, in exchange for the

opportunity to develop technologies and expertise
that will advance the leading sectors of U.S. sci-
ence and industry.

Moreover, development of the “information
superhighway” will enable scientists all over the
world to gain access to a project’s data or even to
operate an instrument remotely. Thus, access to
the site itself may be less important in future years
than it has been in the past.

Also, although siting a facility in a country may
result in a net economic or technical benefit to that
country, it may have drawbacks or cause domestic
political concerns for the host nation. For exam-
ple, hosting ITER may be attractive to the national
science community and to industry, but the pros-
pect of hosting a research facility that uses radio-
active materials may arouse political opposition
prestige. One study found that between 40 and 7 the locality chosen as host.
percent of the funds used to operate large interna- Siting should therefore be considered in a com-
tional facilities are spent in the host natibn. parative context. Although the siting decision is
However, the types of economic benefits accruingmportant, it is not necessarily in the U.S. interest
to the host may be in areas of low technology (e.g.{o treat siting as a paramount issue. Policymakers
construction, materials, chemicals, and servicesphould compare the economic, technical, and
rather than high technology (project design andpolitical advantages of hosting a project with the
components). Still, local companies that providebenefits offered by taking responsibility for other
technical support or equipment to facilities canparts of the project, especially the development of
enhance their underlying scientific or engineeringhigh value-added knowledge-intensive compo-
expertise. A large facility can also attract newnents and processes. These opportunities suggest
companies and thereby raise the skill base of a rethat U.S. policymakers adopt a broader perspec-
gion’s population. tive on siting Issues.

(nowledge-nensive components of large. pray+U:S: Science and technology goals and prio-

icall ianed t 9 rities may have to be reevaluated as in-
g%s are typicaly aﬁ'gnde .g cpmpa;nlles N Many  ternational collaboration becomes a more
Ifierent countries. The distribution of key project integral component of R&D activities.
components among international partners may di-

I
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Aerial view of the European Laboratory forParticle Physics

“This analysis was based on the spending patterns of CERN, located on the Swiss-French border, the JET fusion experiment in England;

and the ESRF and the Institute Laue-Langevin for neutron research, both in France. See “International Facilities Said To Boost National Econo-
my,” Nature,vol. 363, May 6, 1993.

“For example, even if ITER was built in Japan or Europe, U.S. industry could still participate in the design and construction of the reactor
and support facilities, as well as reagtomponents such as superconducting magnets and associated computational and sigstems.
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The benefits and challenges presented by inbe pursued. The ITER collaboration and the many
ternational collaboration raise basic questiongooperative ventures of NASA are good examples
about how U.S. scientific capabilities can be mosbf this.
effectively advanced. Furthermore, an emphasis on leadership can

The chief goal of U.S. R&D programs is to strain alliances with other nations because it ap-
maintain or develop leading-edge capabilitiespears to ignore the many achievements of the Eu-
across a broad spectrum of scientific fields. Otheropean and Japanese science communities,
science goals are linked to economic competitiveparticularly in high-energy physics, space explo-
ness, foreign policy initiatives, and national secu+ation, and fusion. As other nations continue to de-
rity concerns. These goals influence decisionselop and refine their science programs and
about whether to participate in international col-facilities, it will become increasingly difficult for
laborative projects. Historically, the United Statesthe United States to exercise sole control over
has collaborated only when its participation didprojects. Other nations will demand recognition
not affect domestic science activities or wherof their achievements as well as a voice in key
leadership could be maintained. technical and administrative decisions.

Some U.S. science goals are difficult to recon- The goal of promoting national economic com-
cile with international collaboration. Notably, the petitiveness provides little guidance in deciding
goal of U.S. leadership in science poses a potentiathether projects should be internationalized. Be-
conflict with the very nature of collaboration. This cause pure science research is curiosity driven, it
may be especially true if leadership is defined ass often difficult to assess its short-term impact,
“dominance” in any particular field. Thus, future even though over the long term, its benefits to so-
U.S. participation in large-scale collaborativeciety can be substantiz?Basic scientific discov-
projects may necessitate a redefinition of whaeries in and of themselves usually possess little
constitutes scientific leadership. For example, ifintrinsic value without further investmerf&in
leadership means the development of world-clasthose cases where commercial spinoffs are pos-
capabilities in any particular scientific or techni- sible (e.g., advanced-materials development re-
cal field, then expanded international collaborasulting from neutron-scattering research),
tion may not necessarily diminish—and may evereconomic competitiveness could play a role in
enhance—underlying U.S. scientific prowess.shaping specific policies related to international
Building up national scientific capabilities and collaboration. Whether large scientific projects
joining international partnerships are not necesean be used effectively to facilitate the develop-
sarily mutually exclusive strategies. In manymentand deployment of new commercial technol-
cases, having access to scientific facilities in othepgies is an open question. As a general
countries or participating in the planning and op-roposition, however, it is difficult to demonstrate
eration of particular projects may strengthen andhat large science projects or specific aspects of
diversify the U.S. science base. Moreover, particitarge projects can be efficiently utilized for this
pation in collaborative endeavors can allow napurpose.
tions to avoid duplication of major facilities and
thereby permit a broader array of R&D projects to

550ne study concluded that rates of return for R&D in particular industries and from university research can be 30 percent or more. See
Edwin Mansfield, “Estimates of the Social Returns from Research and DevelopAreA§’Science and Technology Policy Yearbook, 1991,
Margaret O. Meredith et al. (eds.) (Washington, DC: American Association for the Advancement of Science, 1991). Also see Edwin Mansfield,
“Academic Research and Industrial InnovatidRgsearch Policyol. 20, 1991, pp. 1-12.

S6see Paul David et al., Center for Economic Policy Research, Stanford University, “The Economic Analysis of Payoffs from Basic Re-
search—An Examination of the Case of Particle Physics Research,” CEPR Publication No. 122, January 1988.
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The support of foreign policy goals has also
shaped decisions about whether to participate ip®
collaborative science projects. As noted earlier
the United States uses scientific agreements &
help forge and reinforce alliances and friendships. i i
Most recently, the Unitedtates has used scientif- =
ic agreements to support Russia’s science base. In
some instances, however, political goals can ha
a negative impact on scientfic research objective
and must be weighed against foreign policy bene
fits.

Overall, U.S. science goals provide little guid- mb"t m ‘

ance to policymakers in developing a policy
framework for future collaborations. In Particular, e, Caiiser an top of the Large Electan-posiron Colider
the goal of leadership, as understood in the past,
does not provide a clear basis for developing fun-
damental policies that address whether internthe use of existing facilities and the construction
ational collaboration should be pursued or whatof new facilities. This could permit nations to con-
level of finding is appropriate. Reconciling U.S. solidate and improve the efficiency of various
goals with the benefits of collaboration will be a R&D programs.
critical first step in this process. In some cases, essential U.S. scientific capabil-
ities could be maintained or even extended in a
particular field of inquiry by participating in exist-
ing ventures overseas (e.g., by joining the LHC
project at CERN or the Institute Laue-Langevin
European neutron facility). In specific fields of re-
An important need of decisionmakers is to havesearch, such as high-energy physics, U.S. and for-
effective mechanisms for exchanging informationeign programs might be designed to take
about emerging scientific priorities and projects inadvantage of existing infrastructure and expertise
various disciplines. OTA discussions with U.S., around the globe.
European, and Japanese science officials indicate Since 1992, member countries of the Organiza-
that new intergovernmental mechanisms for in-tion for Economic Cooperation and Development
formation exchange could be beneficial. (OECD) have exchanged information and ex-
There are advantages to having more formal inplored opportunities for international scientific
formation-sharing arrangements among gover-cooperation under the auspices of the OECD
nments. In some scientfic fields, several countriegMegascience Forum (see box 1-4). Before estab-
have facilities that are complementary or parallellishment of the Megascience Forum, science poli-
to those found in the United States. Better usageymakers from different nations had limited
of some national facilities and resources could beopportunities to discuss R&D priorities as well as
achieved by identifying how similar facilities ideas and plans for future large projects. The Fo-
around the world are utilized. Although there isrum has sponsored both meetings for senior gov-
growing demand for access to many domestic angrnment officials and expert meetings where
foreign scientific facilities, they often operate for scientists and science policymakers can explore
limited time periods because of fundingthe needs of various scientific fields and proposals
constraints. In some fields, there is a need foior new experiments or facilities. Although some
greater intergovernmental coordination in bothmajor scientific fields such as high-energy phys-

r

.More formal mechanisms for information
exchange among science policymakers
could enhance opportunities for effective in-
ternational collaborations.
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BOX 1-4. The Organization for Economic Cooperation and Development (OECD)

Megascience Forum

The OECD'Council created the Megascience Forum in June 1992 primarly as a means for in-
formation exchange and open discussion on existing and future large science projects and programs,
and to facilitate international scientific cooperation among member governments. The Forum does not
set priorites or conduct scientific research; it has no decisionmaking authority. Twenty-three out of the
25 OECD member countries participate in the Forum, which has a mandate of three years.

Several factors prompted the creation of the Megascience Forum. For countries with large re-
search programs, much of the impetus came from the rising costs of big science projects and increas-
ing budget constraints. For others, especially smaller countries, ensuring or expanding access to facili-
ties and data was the primary concem. For all countries, the new opportunities for scientific coopera-
tion presented by the end of the Cold War provided an additional impetus.

To facilitate discussion, the Forum has organized expert meetings in six specific scientific disci-
plines or broad research areas, excluding near-term commercial areas and national defense. Leading
scientists in a particular field from all member and observer countries, and occasionally from other
scientifically important countries (for example, China and India), are invited to attend, along with gov-

ernment  policymakers.  Discussions focus on identifying opportunities  for international  collaboration  and
mechanisms to ensure the success of cooperative projects. Meetings have been held on astronomy,
deep drilling, global climate change research, oceanography, advanced neutron and synchrotrons radi-

ation sources, and particle physics. The results of each meeting are conveyed to the Forum as a basis
for further discussion. The Forum has approved publication of the results of the expert meetings and its
own deliberations for all six research areas.

OECD is an intergovernmental organization founded in 1960. Its primary aim is to promote economic promotes that stimulate
growth, employment, and the expansion of world trade throughout the OECD area. The organization's 25 members are Australia, Aus-
tria, Belgium, Canada, Denmark, Finland, France, Germany, Greece, Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Nether-
lands, New Zealand, Norway, Portugal, Spain, Sweden, Switzerland, Turkey, the United Kingdom, and the United States Iceland and
Luxembourg do not participate in the Forum. Forum observer status has been granted to the European Union, Russia, Hungary,

Poland, the Czech Republic, and Korea.

ics dready have international scientific organiza-
tions in which ideas and plans for future
experiments are discussed, the Megascience Fo-
rum is viewed by policymakers as being comple-
mentary to these organizations. The Forum is
essentially designed to facilitate communication
among governments.

OTA discovered a broad range of opinion re-
garding the usefulness of the OECD Mega
science Forum. Whereas some participants found

OECD’s activities beneficia (e.g., the forums on
astronomy, deep-sea drilling, and neutron sources
were viewed by some government policy makers
as quite useful), others, particularly scientists,
have questioned its utility. Nevertheless, there has
been foreign support for a U.S. proposal to estab-
lish a follow-on activity to the Forum that would
continue to provide an intergovernmental venue
for discussion and information exchange. In addi-
tion, proposals for the development of improved
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BOX t-4 Cor

With the Forum’'s three-year term due to expire in fall 1995, the United States proposed a follow-
on activity Based on extensive discussions with OECD member government officials, the U.S. proposal
was modified and formally adopted by the Forum at its January 1995 meeting. The proposal will be fine
tuned and a specific workplan developed at the final meeting of the Forum in June 1995. The proposal
and workplan will be submitted for the consideration of the Ministers of Science of the OECD countries

at their meeting in September 1995.

sues related to megascience projects and make

disciplines  where adequate  mechanisms  for
groups would exchange information on

portunities  for  cooperation,

ation and implementation of an international

discretion of each government,

SIS.

n.d.

Under terms of this proposal, a new organization, tentatively called the Group on Large Scientific
Projects (GLSP), would provide a venue for government science policy officials to explore generic is-
recommendations
organization would also have the authority to establish ad hoc working groups
intergovernmental
each country’s
project priorities, and explore prospects for international
interested  governments could enter
project.
and administering projects would reside with the participating governments rather than with OECD.

Senior science policy-level officials from OECD member governments will be delegates to GLSP.
Delegates to the working group meetings will include senior government program officials and, at the
nongovernment  scientists.
required and would be authorized to invite nonmember countries to participate on a case-by-case ba-

SOURCES: Organization for Economic Cooperation and Development, What Is the OECD Megascience Forum? (Paris, France.
1995); “The Dawn of Global Scientific Co-operation, The OECD Megassience Observer, No. 187,
ence and Technology Policy, “The OECD Megascience Forum: Past Activites and Proposed Future Plans, "

to member governments. The new
in selected scientific
discussion are lacking. The  working
domestic research plans and projects, compare
cooperation. If the working group identifies op-
into  discussions leading to the negoti-

The responsibility for negotiating final agreements

Working groups would meet as frequently as

AprillMay 1994; and Off Ice of Sci-
reformational material,

coordination mechanisms among G-7° countries
have recently been offered.”"

Despite the acknowledged usefulness of in-
formation exchange, there is little support among
U. S., European, and Japanese policymakers for
the creation of international operational entities
that would organize and supervise collaborations.
Regardless of the consultation mechanisms
created, the disparate characteristics of big science
projects will still probably necessitate that each

international endeavor be evaluated on a case-spe-
cific basis.
.The different levels of scale and complexity

of large collaborative projects require dis-
tinct management structures.

Management frameworks for different projects
must necessarily vary in structure because each
cooperative enterprise involves different degrees
of program integration, information transfer, and

“G-7 is the term applied to the group of large industrial economics (United States, Canada, Japan, France, Germany, United Kingdom, and

Italy) that meet regularly to consider the state of the global economy.

“In order to have more focused discussions about large projects among key industrialized nations, U.S., German, and Japanese officials are

exploring the possibility of creating formal consultation mechanisms at the G-7 level.
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all system. The European and Japanese compo-
nents of the International Space Station serve as an
example of such a compartmentalized manage-
ment approach. In other cases, however, a greater
level of integration maybe required. The several
hundred researchers who are now developing the
technical specifications for the LHC particle de-
tectors at CERN must work closely with LHC ac-
celerator experts to ensure that the ultimate
physics objectives of the project can be met. As a
result of this requirement, specific management
review processes have been created to guarantee
o o oo ) g that overall technical and financial targets of the
G:nell/rgpesnlljsmm?tr b;teweZERPreCSiZezT“?ea;z:,ilmﬁd ;i)vitef e LHC prOJECt are bemg .aChIeved' The strong Insl-
General Secretary Gorbachev. tutional structure provided by the CERN orga-
nization provides additional support to project
financial or political commitment. For example, planners and designers.
distributed science activities such as data gather- The ITER fusion project presents perhaps some
ing on global climate conditions may have only of the most significant management challenges in
informal or limited project coordination require- terms of the way in which technical decisions are
ments.” Scientific facilities that offer particular made, and how human or financial resources are
services, such as neutron or synchrotrons sourcedeployed. At present, engineering design activi-
have a more developed, but rather straightforties for the proposed ITER reactor are being car-
ward, management organizatidRrojects that ried out at three separate locations in the United
involve the design and construction of large, so-States, Japan, and Germany.
phisticated apparatus or instrumentation usually At each site, a “joint central team” consisting of
require more elaborate institutional mechanismsaAmerican, European, Russian, and Japanese re-
for overseeing project planning and execution. searchers specifies R&D tasks that have to be
In reviewing the experience of past and ongo-completed. “Home teams” for each of the four
ing international projects, it becomes apparenpartners provide additional technical support to
that careful balance must be struck between thehe joint central teams, and coordinate the work of
need for integrated project planning and oversightocal researchers and contractors. Specific assign-
and the flexibility that is often necessary to suc-ments and tasks are being defined as the overall
cessfully design project subsystems and compogesign and engineering specifications of the fu-
nents. For some types of projects it is fairly easysion reactor are being developed. Responsibility
to develop modular designs that allow the differ-for the overall reactor design and project manage-
ent collaborators to each focus on very specifioment is in the hands of the ITER director based in

goals and essentially be concerned only with theSan Diego, California, who reports to the ITER
interfaces between their subsystems and the over-

“For example, data-collection and storage standards might have to be developed, and entities for data sharing and analysis might need to be
organized.

“For instance, the European Synchrotrons Radiation Facility in France is a 12-nation private coti¥akiaffers researchers access to
high-intensity x-rays. This and similar facilities in the United States provide researchers in a variety of disciplines access to powerful exper-

imental tools and thus are managed primarily as user-support organizations. Traditionally, such facilities have reciprocal access policies that
allow scientists from different countries to take advantage of the unique capabilities of each installation.
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council.” Because the reactor subsystems are inF Sl s SN

tegrally linked to each other, the ITER project e = e e -
does not especially lend itself to decentralizationZT W — = ——hal R
Even after a reactor site is chosen, a geographlcm%_
ly diffuse management operation will Still e re- ke —— - a a———

quired to work with researchers and mdustrla-..rmi
contractors indifferent countries. This will necesk
sitate a management structure that is capable

devolving responsibility, but also of deyeloping=_':_=
strong oversight capabilities and effective com- I
munications channels. These requirements reprE
sent a formidable challenge. If ITER’S man-

agement principle were to be characterized, =_
might be defined as “decentralization with coor-. - AN —
dination.” The ITER expenence will no doubt A portion of the Advanced Photon Source storage ring shows
pFOVide important lessons for other |al’ge-sca|ethe electromagnetic devices used 10 guide the 7 GeV position
multinational projects that give each participating?rund the 0.7 mile circumference.

nation an equal role in project planning, financing,
and decisionmaking.

Y Tt 3 lm.r.lc-d

laborative basis. Yet, despite the burden sharing
CONCLUSION that collaboration can provide, it still maybe diffi-
As budget pressures in all countries mount and asult to generate the political support necessary to
the complexity and scale of scientific projects in-initiate and sustain large projects. This study iden-
crease, international scientific collaboration/ifies several major issues relevant to congres-
whether on an institutional or an informal level, sional consideration of U.S. participation in
will become increasingly common. Policymakers international collaborative science undertakings.
will therefore be required to carefully assess R&D  First, since large projects are not readily com-
projects to determine whether it is critical to theparable, attempts to develop a priority-setting
national interest that they be conducted by thescheme for big projects are likely to encounter a
United States alone, or whether they can andariety of obstacles. The relatively small number
should be internationalized. of such projects should allow policymakers to rely
Although large science projects continue toon “bottom-up” scientific review processes to de-
draw congressional attention, they represent onlyermine which projects should be pursued. The
a subset of a larger domain of issues relating to nascientific community plays a major role in setting
tional R&D goals and national well-being. In the the scientific agenda, and years are often required
current difficult fiscal climate, one can at best ex-for specific and detailed research proposals to take
pect moderately increasing R&D budgets, espeshape. Although there must inevitably be some
cially for big science. Flat or declining budgets arelinking of bottom-up planning and review with
more likely. Because of these pressures, someverall government R&D priority setting, selec-
scientifically worthy but expensive projects might tion and funding of large projects will most prob-
not be pursued at all unless carried out on a colably remain ad hoc. The development of

“The ITER Council has eight members, two from each of the four partners: the United States, the European Atomic Energy Community
(Euratom),Japan, and the Russian Federation. Euratom is represented by officials from the European Commission, the executive Agency of the
European Union.
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intergovernmental mechanisms to identify sciener countries continue to seek U.S. participation in
tifically worthy projects and to explore opportuni- a variety of scientific projects.
ties for collaboration could bring greater Third, active consideration of international
coherence to the process of project selection amtboperation before projects are authorized could
siting. Proposals for the creation of improvedprovide the United States with a broader set of
coordination mechanisms are now under considscientific and budgetary options. For big projects
eration by OECD countries. that exceed a certain monetary threshold (e.g.,
Second, questions about U.S. reliability in in-$100 million), or make up a large fraction of a pro-
ternational collaborations are somewhat overgram budget, Congress might consider requiring
stated. The United States has generally fulfilled itegencies to provide a formal justification for seek-
international obligations, except in a few casesing or avoiding international collaboration. This
Nevertheless, these few instances of U.S. withstrategy could ensure that important opportunities
drawal from international ventures and the uncerto collaborate are not missed and that inappropri-
tainties associated with the U.S. practice ofate collaborations are screened out.
making annual appropriations for major science Finally, the opportunities and challenges of in-
projects have made foreign partners hesitant abotgrnational partnerships raise fundamental ques-
collaborating with the United States. Internationaltions about the concept of scientific leadership, of
collaboration can require special institutional arthe nature of partnership, of what constitutes the
rangements or concessions that are not needed foational interest, and how scientific capabilities
domestic projects. Although multiyear funding can be most effectively advanced. Traditional
mechanisms and improved project planning and).S. science goals potentially conflict with the re-
cost estimation procedures can enhance projequirements of collaboration or are too ambiguous
stability and provide additional assurance to U.Sto provide useful guidance for policymakers in de-
partners, Congress can always reevaluate araiding whether or how to collaborate. Congressio-
even terminate projects (as can U.S. partners). Thel review of U.S. science goals and U.S. relations
use of treaties to formalize U.S. commitments iswvith the global scientific community in the post-
too cumbersome a vehicle for structuring scientif-<Cold War era could provide guidance about where
ic projects, and will not necessarily guaranteeand how the nation should engage in future in-
funding stability. Despite these uncertainties, othiernational partnerships.



The
Changing
Nature

of Science2

his chapter provides an overview of the fundamental

changes that are occurring in scientific research, includ-

ing the rapid diffusion of information, new areas of scien-

tific inquiry, and the role of large projects. These changes,
the link between science and economic competitiveness, and
growing budget constraints have spurred U.S. and other nations’
interest in international collaboration.

DIFFUSION OF KNOWLEDGE

Over the past century, the pace of scientific and technical in-
novation has expanded at historically unprecedented rates. Cur-
rently, the scope and rate of human inquiry are leading to a
doubling of scientific information roughly every 12 yeaisis
estimated, for example, that nearly half of the roughly one million
publications in the field of mathematics have been published in
the past decade aloRd@.he sheer velocity of this scientific and
technological change has transformed the very fabric of daily life,
affecting the course of economic and social development as well
as the relationship between human society and the natural world.

Yet, the modern scientific enterprise cannot be characterized
simply by the speed at which information is generated or ex-
changed, but also by its breadth, creativity, and degree of sophis-
tication. The very character of research and development (R&D)
activities is experiencing fundamental change as greater interac-
tion across disciplines is giving rise to new fields of investigation
and new methods for defining, measuring, and understanding

1Gary Stix, “The Speed of WriteScientific AmericanDecember 1994, p. 107. | 37
2|bid.
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physical, biological, and ecological phenomena —
Increasingly, advances in one field are accelera }
ing developments in othefSuccessive advances E 'l,II
in underlying scientific knowledge and technolo- i s
gy have an enabling or multiplier effect in tha
they permit deeper examination of more comple =
scientific problems. From understanding and ma o
nipulating essential genetic processes, to disco
Aol

ering new classes of materials, to exploring the_.._:“'
fundamental aspects of natural law, modem sciS——.E

ence is laying the foundation for even more pro-"

e
=

T

found discoveries and novel applications. O
many fronts, new areas of study and innovatio
are emerging that will no doubt have important S0-+igh-performance computers and high-speed electronic
cial and economic Consequences_ communications networks are essential tools for ITER fusion

With the rapid development and diffusion of in- ¢/laborators located around the world
formation and communications technologies, the
extraordinary pace of scientific discovery is un- spread globally. This diffusion of information has
dergoing further acceleration. By effectively re-taken on a dramatically different character in re-
moving barriers of time and distance, newcent years. Both formal and informal global re-
electronic networks are fundamentally alteringsearch networks now exist in practically every
traditional patterns of R&D. These networks havemajor domain of science. Leading scientific jour-
greatly expedited the exchange of informationnals increasingly publish the work of multination-
among researchers and promoted new possibilial research teams. With access to the Internet and
ties for international collaboration within and other forms of communication, the manner in
across disciplines. which scientists design experiments, analyze

The emergence of these new tools of commu-data, and interact with each other is undergoing
nication is serving to reinforce the international major change. In virtually every scientific field,
dimension of basic scientific reseaf@ven if researchers throughout the globe have daily com-
science projects and investigations have beenunications in which data are exchanged, prelim-
essentially national in character, the resultingnary experimental findings are discussed, and
scientific knowledge has, in most disciplines,new concepts and theories are debatedddi-

‘For example, théremendous advances in the field of microelectronics have been a result of advances in such disparate fields as condensed
matter physics, optics, metallurgy, plasma chemistry, accelerator physics, electronic circuit theory, and software architecture. These develop-
ments in microelectronics have, in turn, affected virtually every scientific and technical discipline from aeronautics to molecular biology.

‘The globalization of business is also strengthening the international character of scientific research. Elaborate webs of production now
span the globe. These production networks often includeR&D centers in many parts of the world. Multinational companies increasingly draw
on the intellectual resources of a variety of different countries in both basic research and product development. In addition, corporations from
different counties are increasinglforming strategic relationships to jointly carry out research and introduce new products.

“There is thus far limited empirical reserach on how communication technology is affecting the social or organizational aspects of collabo-

ration. As communications capabilities advance, the need for face-to-face interaction could to #legfeginbe supplanted by sophisticated
interactive multimedia networking. However, such networking will obviously have limits, such as the need to oversee and operate complicated
instrumentation. For a discussion of these issues see BruceV.Lewenstein, ‘The Changing Culture of Research: Processes of Knowledge Trans-
fer,"contractor report prepared for the Office of Technology Assessment, Sept. 21, 1992; and Lisa Heinz, Coates & Jarratt, Inc., "Consequences
of New Electronic Communications Technologies for Knowledge Transfer in Science: Policy Implications," contractor report prepared for the
Office of Technology Assessment, August 1992.
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BOX 2-1: Earth Observing System Dataand '*

As part of the US. Global Change Research Program to monitor global ecosystems, the National
Aeronautics and Space Administration (NASA) is now constructing one of the most sophisticated and
ambitious data storage and distribution systems ever developed. The Earth Observing System Data
and Information System (EOSDIS), the centerpiece of NASA's Mission to Planet Earth, is designed to
provide continuous, high-quality data to support better scientific understanding of the Earth’s oceans,
land, and atmosphere. When the multisatelite Earth Observing System (EOS) becomes fully operation-
al, sensors aboard EOS instruments will generate immense quantities of data. EOS satellites could pro-
duce as much as 300 trilion bytes of information per year, an amount roughly comparable to 250 mil-

lion, 1.2 megabyte floppy disks. In addition to gathering and processing data, EOSDIS will calibrate
satellite instruments, control EOS spacecraft, and schedule the observation periods of remote sensors.
EOSDIS will also integrate data from non-EOS spacecraft and non-NASA space systems, as well as

key data from land-based and ocean-based sensors from around the planet. Moreover, the EOS data
system is being designed to detect subtle changes in ecosystem behavior over long periods of time.

In order to facilitate interdisciplinary global change research, NASA plans to make these large
quantities of experimental data easily available to a wide body of researchers at locations throughout
the world. More than 10,000 physical scientists and as many as 200,000 other researchers could be-
come regular users of the EOSDIS data repositories. This will create considerable data management
and networking challenges. Having readily accessible, user-friendly data retrieval and  management
tools could be an important step for promoting online collaboration among researchers who are geo-
graphically dispersed. To meet these challenges, NASA is implementing a “distributed architecture” for
EOSDIS rather than having a single central processing facility. Distributed Active Archive Centers, lo-
cated at regional sites across the country, will each process, store, and distribute data related to specif-
ic scientific disciplines. For instance, the EROS Data Center in South Dakota will archive and distribute
satelite and aircraft data, the Jet Propulsion Laboratory in California will store data on ocean circulation

and atmospheric-oceanic  interactions.  However,
have routine access to the EOSDIS data archives.

SOURCE: US. Congress, Office of Technology Assessment, Remotely Sensed Data:  Technology,
September  1994.)

1SS-604 (Washington, DC: U.S. Government Printing Office,

researchers

throughout the US. and the globe wil

Management, and Markets, OTA-

tion, network-based scientific communications
can broaden the base of research by opening up
data sources and publications to researchers who
previoudly did not have access to such informa-
tion. Small institutions, in particular, can
strengthen their R&D activities by accessing data
provided by larger, well-established institutions.’

Scientists can now use sophisticated informa-
tion search tools that effectively link databases in
different countries to a single integrated data re-

pository. For example, a number of biologica
databases are now linked together. This is particu-
larly useful for researchers in the areas of bio-
technology and molecular biology. Another
illustration of sophisticated data management is
the Earth Observing System Data and Information
System now being developed by the National
Aeronautics and Space Administration (NASA)
(see box 2-1).

‘There is some evidence that scientists who are geographically or ingtitutionally isolated can improve their scientific productivity through

the usage of electronic network resources and communications. See Heinz, ibid.
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Other potentially important developments in-the coordination of thousands of individual inves-
clude the emergence of electronic publications, ctigators, can be managed more effectively. Wheth-
so-called multimedia journals, that do not simplyer working in conjunction with a large group of
present experimental results and analysis, but magvestigators, or independently, scientists at par-
also contain interactive computer simulations thaticular geographic sites can now draw on the ex-
illustrate the behavior of physical phenoména. pertise of a much wider technical community.
“Virtual” experimental communities or “collabo- Thus, the existence of new information networks
ratories” that permit real-time interaction amongand technologies can serve to reduce some of the
researchers have also begun to appémisome practical obstacles associated with large collabo-
cases, experimental data are transmitted immediative undertakings (see chapter 4).
ately from instruments to investigators through-
out the world? Yet, perhaps a more significant NE\WW AREAS OF SCIENTIFIC INQUIRY
development is the ability of researchers in far- )
flung locations to actually witness and participate] The Environment
in experiments as they occur. For example, neurdAlthough the scientific and technological prog-
science investigators in Tennessee and Scotlandss of the past century undoubtedly represents a
recently controlled an electron microscope innew phase in human creativity and intellectual ac-
California to study various tissue specimé®hk  complishment, these advances have given rise to
the future, remote access to telescopes, meteora-new set of challenges. In particular, the large-
logical instrumentation, and other computer-con-scale expansion of economic and industrial activi-
trolled apparatus will likely be common. ties over the past several decades has raised

These trends have a number of implications foconcerns about the impact of such activities on lo-
big science projects. With the advent of new comeal and global ecosysterksFor the first time in
munications and data transfer tools, design antistory, humankind can potentially alter the basic
engineering activities can be decentralized morbiophysical cycles of the Earth. Human activities
readily. For example, the development of engi-are now resulting in materials flows commensu-
neering parameters and specifications for the Inrate with those of nature. Human releases of ele-
ternational Thermonuclear Experimental Reactoments such as mercury, nickel, arsenic, and
(ITER) has been divided among teams working irvanadium are now several times those of nature,
the United States, Europe, and Japan. These teaansd the amount of lead released is nearly 300
frequently exchange detailed engineering analytimes as great as natural proces@aSoncentra-
ses and documentation. In addition, distributedions of carbon dioxide in the atmosphere are in-
science activities such as the Human Genomereasing 30 to 100 times faster than the rate
Project and global change research, which involvebserved in the climatic record; methane con-

A recent paper placed on the Internet by IBM researchers included a computer simulation of how cracks propagate in materials. Stix, see
footnote 1.

8See “Scientists Predict Internet Will Revolutionize Reseaithe’ ScientistMay 2, 1994, pp. 1, 8-9.

9For example, data from high-energy physics and fusion laboratories are routinely disseminated to researchers in different parts of the world
either during or immediately following experiments.

10see “New Internet Capabilities Fueling Innovative Scientle ScientistMay 16, 1994, p. 9.

11The world economy is consuming resources and generating wastes at unprecedented rates. In the past 100 years, the world’s industrial
production increased more than fiftyfold. See W.W. RosTdwe World Economy: History and Prospe@sistin, TX: University of Texas
Press, 1978), pp. 48-49.

125ee James Galloway et stmospheric Environmentol. 16, No. 7, 1982, p. 1678. Also see Robert U. Ayres, “Toxic Heavy Metals:
Materials Cycle Optimization,Proceedings of the National Academy of Scigneas 89, No. 3, Feb. 1, 1992, pp. 815-820.
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centrations are increasing 400 times faster thabrated measurements over many decades will be
previously recorded?3 necessary to develop even a limited predictive un-
Understanding and addressing the impacts aderstanding of climatological and ecosystem pro-
global climate change are likely to require unpreceesses. The involvement of many if not all nations
edented levels of global coordination and coopwill be necessary to design and implement an ef-
eration across a broad spectrum of disciplinedective monitoring effort. Moreover, developing
Gaining a predictive understanding of the Earth’dshe appropriate tools—whether technical, behav-
physical, chemical, and biological processes wilioral, or institutional—for adaptation to wide-
require collaboration among ecologists, micro-spread ecological change will also require
biologists, atmospheric chemists and physicistsgonsiderable global coordination. Thus, in the en-
oceanographers, botanists, space scientists, gesironmental area, international collaborative un-
ogists, economists, and researchers from margertakings will likely increase in both number and
other fields. The challenges are indeed formidacomplexity16
ble. For example, decoupling the effects of natural
change from human-induced change is an ex-] Biotechology
tremely difficult task. Decades of continuousAnother significant revolution in scientific inqui-
monitoring of the Earth’s oceans, land, and atmory is in the field of biological sciencdgSince the
sphere will be necessary to document possible clearly 1970s, considerable progress has been made
mate and ecosystem changes. in research in genetics, cellular and molecular
The United States is spending billions of dol-biology, virology, and biochemistry. This prog-
lars in a multidisciplinary, multiyear effort to mea- ress has led to the creation of biotechnologies,
sure, understand, and ultimately predict the exterwhich are defined as tools or techniques used in
and underlying mechanisms of global environresearch and product development, and to the
mental changé? However, given that these envi- growth of related industries. Biotechnologies
ronmental questions are inherently transnationghave enabled the diagnosis of human genetic dis-
in character, the efforts of the United States or arders that would not have been detected by con-
few other countries will likely not be sufficient. ventional methods; they have led to increases in
Any credible global environmental monitoring food production and to the discovery of new drugs
program will require thousands of strategicallyand vaccines. Biotechnologies also have several
located, ground-based instruments around thpotential environmental applications, such as
planet, as well as satellite and aircraft-basegollution remediation and pest control. The poten-
instrumentst® Systematic and carefully cali- tial to improve human health and environmental

13see U.S. Congress, Office of Technology Assessr@éminging by Degrees: Steps To Reduce Greenhouse, Gage®©-482 (Wash-
ington, DC: U.S. Government Printing Office, February 1991), p. 45.

14This effort, designated the U.S. Global Change Research Program (USGCRP), consists of a number of existing and new programs. The
largest element of USGCRP is the National Aeronautic and Space Administration’s (NASA) Mission to Planet Earth, a program that uses space-
and ground-based instruments to observe changes in Earth’s ecosystems. NASA's Earth Observing System is the principal component of the
Mission to Planet Earth effort. See U.S. Congress, Office of Technology Assedsiobat,Change Research and NASA's Earth Observing
SystemOTA-BP-ISC-122 (Washington, DC: U.S. Government Printing Office, November 1993).

151bid.

16For a detailed discussion of how natural and human systems may be affected by climate change and what tools are available to adjust to
such change, see U.S. Congress, Office of Technology AssesBrnegiating for an Uncertain Climat®©TA-O-563 (Washington, DC: U.S.
Government Printing Office, September 1993).

17For an indepth discussion of biotechnologies, see U.S. Congress, Office of Technology AssBasewmniplogy in a Global Economy
OTA-BA-494 (Washington DC: U.S. Government Printing Office, October 1991).
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quality is truly global in nature and requires thatchemists, physicists, and electrical engineers have
the best ideas be sought out, regardless of the nained forces to create innovative optical and com-
tion in which they originated. putational devices. Psychologists, mathemati-

Because of the strong biological science re€ians, and linguists are developing software
search base and entrepreneurial spirit that exist itoncepts that emulate natural language structures.
this country, commercial development of bio- Social and physical scientists are exploring the ap-
technologies has been strongest in the Unitedlications of complexity and chaos theory to hu-
States. A multiyear, research initiative is now un-man behavior. As the barriers between disciplines
der way to maintain and extend U.S. leadership ilbecome more porous, previous trends toward spe-
biotechnology and to spur economic growth. Thecialization may be supplanted by a broader move-
Biotechnology Research Initiative is supported byment toward interdisciplinary research. The ease
12 federal agencies. Another initiative, the Hu-with which researchers from far-flung locations
man Genome Project, is a 15-year, $3-billion, disaround the globe can now exchange and debate
tributed effort to locate and characterize humandeas is likely to reinforce this trend toward cross-
genes for biomedical research in the 21st centurgisciplinary interaction.

In recent years, many nations have focused in- Finally, with the end of the Cold War, a funda-
creasing attention on developing and/or expandmental shift in the focus of R&D activities is oc-
ing biotechnology research programs and theurring in the United States and abroad. Public
capacity to convert research into new productsand private expenditures on R&D now reflect a
The link between biotechnology R&D and future greater emphasis on civilian applications. Yet,
economic competitiveness is a primary motiva-comparable levels of spending for civilian and de-
tion for funding these programs. This link is likely fense R&D activities will probably come about
to continue to grow in the future. However, the in-only over the long term, and will be subject to
creasing internationalization of scientific researchchanging national security requirements. In fiscal
may be a challenge to the pursuit of strictly nationyear 1993, spending on defense R&D still repre-

al biotechnology programs. sented about 60 percent of total federal support for
R&D activities. In contrast, the national expendi-
[1 Other Trends in Science ture on civilian basic research amounted to about

In recent years, there has been a marked increae Percent of total government R&D spendifig.

in the level of interaction among researchers from

different disciplines. The availability of satellite SCIENCE AND COMPETITIVENESS

imagery of the Earth’s oceans and land masses, f&cientific and technological innovation have been
example, has led to research initiatives that exelosely linked to economic growth since the
plore the linkages among agriculture, meteoroloMiddle Ages!? In the 20th century, efforts to har-
gy, geology, and ecology. Materials scientists anahess the benefits of science have resulted in a
molecular biologists are collaborating in the syn-highly structured and institutionalized approach
thesis of new classes of high-performance materito both basic and applied research. The essential
als that are biocompatible and biodegradablepremise underlying public support of fundamen-

18illiam J. Clinton and Albert Gore, JBgience in the National Intere¥ashington, DC: Executive Office of the President, Office of
Science and Technology Policy, August 1994).

19see N. Rosenberg and L.E. Birdzelhw the West Grew Rich: The Economic Transformation of the Industrial (Wad York, NY:
Basic Books, 1986).
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tal scientific research is that it expands the base @fess of understanding and harnessing natural phe-
human knowledge and thereby opens new possitomena has often been a serendipitous affair.
bilities for improving societal well-beingf Although basic research can provide the essen-
Although it is often difficult to assess the near-tial inputs for commercial innovation, it alone is
term impact of basic scientific research, its benenot sufficient to bring about improvements in na-
fits to society over the long term, can be subtional economic well-being. This is illustrated in
stantial? For example, fundamental research inone way by the lack of correlation between the
solid-state physics in the early decades of this cemumber of Nobel prizes awarded to a particular na-
tury ultimately laid the groundwork for the mod- tion and its overall economic and technological
ern electronics and computer industries. Therowess?3 Basic scientific discoveries in and of
emerging biotechnology industry can trace itsthemselves usually possess little intrinsic value
origin directly to discoveries in the fields of mo- without further investment& These investments
lecular biology and biochemistry. Frequently, dis-might include more focused applications of re-
coveries or insights from disparate fields ofsearch, the development of organizational and
research can lead to fundamental advances. Feducational capabilitie®,or greater awareness of
instance, magnetic resonance imaging, a noninvdnow discoveries in different disciplines can
sive medical diagnostic tool now in wide use, reimprove existing manufacturing processes and
sulted from nuclear physics research dealing witlproducts.
the magnetic behavior of atomic nuclei. Even with  With the diffusion of knowledge throughout
a more structured approach to basic researckhe world, many countries have developed compa-
many significant technological developmentsrable technical capabilities in a variety of indus-
have originated from research that was driverries. This has given rise to a highly competitive
principally by curiosity. As an illustration, the global arena that, in turn, has created an underly-
study of bacteria that live in hot springs led to ang tension between basic and applied research.
new technique for rapidly cloning DNA (deoxyri- Increasingly, policymakers are calling for nation-
bonucleic acid), a discovery of potentially greatal research efforts that are tied more directly to
scientific and commercial importané&The pro-

20For some categories of R&D, particularly those that explore the frontiers of scientific understanding or entail significant risk, government
support may be required if socially optimal levels of investment are to be realized. Government involvement may be particularly crucial when
fundamental scientific or technological barriers need to be overcome in a short time. The challenge for policymakers is to determine where
government can best use its R&D resources to complement, rather than replicate, the activities of the private sector. Government support of
R&D activities can take many forms, including tax credits; direct financing of R&D through government labs, university research grants, or
private contracts; or joint public-private partnerships.

210ne study concluded that rates of return for R&D in particular industries and from university research can be 30 percent or more. See
Edwin Mansfield, “Estimates of the Social Returns from Research and DevelopAreAE'Science and Technology Policy Yearbook,,1991
Margaret O. Meredith etal., (eds.) (Washington, DC: American Association for the Advancement of Science, 1991). Also see Edwin Mansfield,
“Academic Research and Industrial InnovatidRe¢'search Poligyol. 20, 1991, pp. 1-12.

22The polymerase chain reaction method for cloning DNA is now being used in a number of applications ranging from “DNA fingerprint-
ing” to the production of genetically engineered drugs.

23For example, from 1960 to 1992, the Japanese received only four Nobel Prizes in science but had over 22,000 patents issued by the U.S.
Patent Office. See Center for Science, Trade and Technology Policy, George Mason University, “Large Science Priorities of Selected Coun-
tries,” contractor report prepared for the Office of Technology Assessment, Jan. 23, 1995.

24see Paul David et al., Center for Economic Policy Research, Stanford University “The Economic Analysis of Payoffs from Basic Re-
search—An Examination of the Case of Particle Physics Research,” CEPR Publication No. 122, January 1988.

25The world’s fastest growing economies have placed an extraordinary emphasis on primary and secondary education. This investment in
education has often been complemented by investments in science and technology.
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E_W " ment reportrederally Funded Research: Deci-
N'H"a == I sions for a Decadeconcluded:
= P AN el - . .

Given the extraordinary strength of the U.S.
research system and the character of scientific
research, there will always be more opportuni-
ties than can be funded, more researchers com-

peting than can be sustained, and more
institutions seeking to expand than the prime
sponsor-the Federal Government-can fund.
The objective, then, is to ensure that the best re-
search continues to be funded, that a full portfo-
lio of research is maintained, and that there is a
sufficient research work force of the highest cal-
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X-ray beams originating from the Advanced Photon Source iber to do the JOE)H
storage ring are directed through a beamline (as shown) to an i .
experimental station. At a time when all governments are sensitive to

the strategic economic advantages that can accrue
meeting the needs of sociétyn both govern- from knowledge-based or technologically based
ment and the private sector, there has been an ifrdustries, participation in large-scale internatio-
clination to shift funding priorities to the applied nal science projects is carefully scrutinized. Where-
research area, where returns on investment can & some countries may see distinct benefits
more immediately realized. What is not clear,associated with multinational collaboration, oth-
however, is whether there is an ideal mix of basieers may deem participation in particular projects
and applied research programs, or whether a majaas militating against the national interest. This can
shift to applied programs will limit the range of be especially true if a nation is attempting to de-
new discoveries and innovatiofiRegardless of velop its expertise in a particular scientific or tech-
the way in which national science priorities arenological field.
set, it is important to recognize that there is not Yet, building up national scientific capabilities
necessarily a linear relationship between basic andnd joining international collaborations are not
applied research. Rather, a complex interactiomecessarily mutually exclusive strategies. In
exists that cannot easily be characterized. Almany cases, having access to scientific facilities
though additional funding for both basic and ap-in other countries or participating in the planning
plied research would permit the pursuit of aand operation of particular projects may strength-
broader range of scientific opportunities and pos-en and diversify a nation’s science base. Over the
sible commercial applications, enlarging the U.S.past several decades, the diffusion of scientific
research system could lead to additional problemsnd technological knowledge has, in fact, acceler-
in the future. As the Office of Technology Assess-ated progress in many fields (e.g., biotechnology,

“See, for example, George E. Brown, "New Ways of Looking at U.S. Science and Techn®bggits TodaySeptember 1994. Also see

Chancellor of Duchy of LancastefRealising Our Potential, A Strategy for Science, Engineering and Technoprggented to Parliament by
Command of Her Majesty (London, England: Her Majesty's Science Office, May 1993).

“Currently, total nondefense U.S. support of R&D is about 1.9 percent of the gross domestic product (GDP). The major portion of that
funding is industrially sponsored appliedR&D. The portion of funding directed toward reasiarch is 0.42 percent of the GDP, two-thirds of
which comes from the federal government. See footnote 18.

“U.S. Congress, Office of Technology sessment, Federally Funded Research: Decisions for a Decad®TA-SET-490 (Washington,

DC: U.S. Government printing Office, May 1991).



Chapter 2 The Changing Nature of Science 45

computer and communications technology)_

Also, as many Asian nations have demonstrateg

long-term investments in education or science an=gm_
: : ey g, |
g e |

technology can be particularly productive When.h [ Ao
linked to international networks of research In4 :

doubt provide economic and social benefits for-ﬁ
many nations. The challenge for policymakers |§

to ensure that the costs and benefits of collabor
tive activities are shared more or less equitably.

ROLE OF LARGE PROJECTS

Large projects have been a key component of Ouseientists making adjustments to DELPHI particle detector.
nation’s science portfolio for several decades. Al-
though small science is the backbone of the mod- In recent years, the role of large, costly projects
em scientific enterprise, big science has steadijhas stimulated considerable debate in Congress
encroached onto the scene. Unlike small sciencand the science community. Priority setting is be-
projects, almost no knowledge can be generatedoming much more of an issue because all pro-
from a megaproject in the area of direct inquiryposed megaprojects may not be supportable
until some large-scale investment has occurredwithout eroding the underlying national science
However, significant indirect benefits can be real-base. The Superconducting Super Collider (SSC),
ized throughout the course of a project. For exampthe International Space Station, the Earth Observ-
le, ITER research may produce major indirecting System (EOS), and ITER are just a few exam-
benefits in the areas of materials science and magples of recent megaprojects.
net design even if the ITER project is not brought There are several reasons for engaging in large
to completion. scientific ventures. In some fields of inquiry,
Over the past few years, expenditures on largecientific projects must be large in scale in order
projects and facilities have essentially leveled offto advance and demonstrate the underlying sci-
at about 10 percent of the total federal (defensence or to achieve specific technical goals. For ex-
and nondefense) R&D budget, but this situationample, probing the energy domains that will
could change as several big science projects argrovide new insights into the fundamental charac-
brought up for congressional approV#l- teristics of matter, or demonstrating the feasibility
though some large undertakings such as the Naof controlled nuclear fusion, will require appara-
tional High Magnetic Field Laboratory and the tus (accelerators, detectors, reactors) of unusual
Advanced Photon Source (an advanced x-ray synsize and sophistication. The International Space
chrotrons facility) provide platforms for small sci- Station project-an effort to build and operate a
ence, and thus reinforce the research support givepermanently inhabited Earth-orbiting facility—is
to individual investigators across many disci-by its very nature, a complicated, immense under-
plines, many other projects do not complementaking. Other classes of problems, such as climate
small science programs. change, are truly global in nature and require

“This figure is based on a "basket'of large projects tracked by the Congressional Research Service. See GenevieveMhjdtnSzo,
ence and Technology Programs: Megaprojects and Presidential Initiatives, Trends Through FY 1996 Reg&sfieeport for Congress
(Washington, DC: Congressional Research Service, Mar. 27, 1995).
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broad-based multinational, multidisciplinary ini- portunities for addressing scientific questions that
tiatives to develop a better scientific understandwill benefit humankind (e.g., human genome re-
ing of fundamental physical processes and t@earch).

ensure the international credibility of scientific re-

sults. _ _ INDUSTRIAL IMPLICATIONS
Although large science projects are often sym—OF LARGE PROJECTS

bols of national prestige, their principal justifica- o _
tion is that they serve as a means for strengthening Although the principal purpose underlying
essential national capabilities in different scientif-large scientific endeavors centers on the pursuit of
ic fields. For example, the U.S. high-energy physbasm research and engineering goals, some me-
ics program has, over the course of severdjascience activities have beeq us_ed to _varying
decades, led to the development of leading-edgéegrees as a means for developing industrial capa-
capabilities in the areas of accelerator design anflities in certain spheres of technology (e.g.,
detector methods. Other examples are Japanf@cket-launching capabilities, satellite design, su-
Subaru telescope project, which is being used tBerconducting magnets, advanced materials). As
strengthen the Japanese research base in astroAdonsequence, some programs and projects, par-
my, and strategic programs such as the various nfcularly those that are capital-intensive, have de-
tional efforts to develop sophisticated capabilitiesveloped strong industrial constituencies. In the
in launching and deploying satellites. Admittedly, United States, Europe, and Japan, for example,
some projects have strong scientific rationalesnajor industrial enterprises perform key system
whereas others are being pursued less for sciend@d component development work for national
and more for broad social, economic, and techngspace agencies. ESA has, in fact, evolved a con-
logical reasons. tracting system that is designed to return a signifi-
In addition, there is sometimes a strong politi-cant proportion of member-state contributions to
cal rationale for pursuing large collaborative un-national companies. Thus, in certain cases, large
dertakings. For instance, European governmengience undertakings have been used by govern-
support a number of extensive research progranigents as an instrument of industrial policy.
through the European Union Research Commis- Whether large scientific projects can be effec-
sariat. In addition, separate facilities and institulively used to facilitate the development and de-
tions have been created including the Europeaployment of new commercial technologies is an
Laboratory for Particle Physics (CERN), the Eu-0pen question. As a general proposition, though,
ropean Synchrotron Radiation Facility (ESRF),it is difficult to demonstrate that large projects or
and the European Space Agency (ESA). The gowspecific aspects of large projects can be efficiently
ernments involved believe that promoting scien-utilized for this purpose. There have been varying
tific cooperation among scientists throughoutresults in different fields.
Europe will strengthen the political processes Although over the course of many decades
associated with the unification of Europe. Coordi-there has been considerable transferability of ad-
nated small science projects have had a unifyingances in high-energy and nuclear physics to the
effect as well. commercial sector, such spin-off technologies
Finally, if pursued in a multidisciplinary or have developed in a rather unpredictable and dis-
multilateral fashion, large science projects permitcontinuous fashion. These spin-offs include ion
to differing degrees, the opportunity to leveragemplantation in the semiconductor industry, ac-
intellectual resources and technical capabilitiescelerator-based cancer therapy, CAT (computer-
Synergies can often be achieved simply by bringized axial tomography) scanner systems, positron
ing individual investigators or research groups toemission tomography, free electron lasers, and
gether. Depending on the nature of thesynchrotrongenerated x-ray beams. None of these
undertaking, large projects may also provide optechnologies were conceived in a deliberate or di-
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rect manner; rather they were unanticipated off
shoots of basic experimental research. Moreove
these transfers from high-energy and nuclegess
physics research to the marketplace have take
place over a considerably long time.
In contrast, the development of rocket-launch-
ing systems, satellites, and space platforms h
been a direct and integral objective of different na _
tional space programs. Unlike the basic resear -
focus of high-energy physics projects, some spa
activities have an explicit technological orienta-
tion and can be more naturally geared to achievin
the specific engineering or performance goal
necessary for commercial applications. -
Other programs have objectives that require_
progress both in basic scientific understandinge=—<
and in certain underlying technologies. In pursu- -
ing nuclear fusion as a commercial power source,
which is primarily a basic research undertaking,
there are certain technological imperatives that
must be met before further fusion advances cans -
occur. The attainment of these technical goalSrhe european spaceiab module in the cargo bay of the
could also provide opportunities for spin-offs to orbiting space shuttle Columbia.
other fields. In particular, the goals of demonstrat-
ing the technical and economic feasibility of fu-
sion power using magnetic confinement schemesicipants.” These companies could be well posi-
envision the development of advanced materialgioned to apply their expertise with magnets to
and greater use of superconducting magnetreas outside fusion, such as magnetic resonance
technologies. Proposed advanced tokamak fusiomaging, free electron lasers, electric motors, ad-
reactor designs, for example, call for extremelyvanced materials separation processing, and ener-
powerful superconducting magnets. Research ogy storagé:
high-performance, low-activation materials and Apart from the development of technological
on the design and fabrication of superconductingsystems or components for projects, large scientif-
magnetic coils for fusion reactors have becomec facilities themselves can also provide benefits
critical elements of all major fusion programs, andto national economies. One study found that be-
major industrial companies in Japan, Europe, andween 40 and 70 percent of the funds used to oper-
the United States have emerged as key project paate large international facilities are spent in the

! R
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"FOr ..y in Japan, Toshiba, Hitachi, and Mitsubishi have contracts to advance superconducting magnet technology. In the United
States, Westinghouse and Lockheed-Martin are active in fusion-relevant superconducting magnet technology development.
“Seeu.s.Congress, Office of Technology Assessmertjgh Temperature Superconductivity in PerspectiV®TA-E-440  (Washington,
DC: U.S. GovernmenPrinting Office, April 1990). See also U.S. Department of Energy, Office of Energy Resédrehl).S. Fusion Program
as a Source of Technology Transf@Washington, DC: September 1993).
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host natior82 Although substantial portions of base of a region’s population. However, contracts
these funds are used to provide basic services sufidr the most knowledge-intensive components of
as construction, materials, chemicals, or food, lokarge projects are typically assigned to companies
cal companies that provide technical support om many different countries. Thus, in most cases,
equipment can enhance their underlying scientifithe particular location of a facility is generally not
or engineering expertise. A large facility can alsoof strategic economic importance.

attract new companies and thereby raise the skill

32This analysis was based on the spending patterns of CERN, located on the Swiss-French border; the Joint European Torus fusion experi-
mentin England; and the ESRF and the Institute Laue-Langevin for neutron research, both in France. See “International Facilities Said To Boost
National Economy,Nature vol. 363, May 6, 1993.



U.S. Experience
In International
Collaboration 3

he United States has a long history of collaboration in sci-

ence dating back to the 1940s. Scientific cooperation is

conducted primarily through informal agreements among

scientists and institutions and through bilateral agree-
ments between governments. High-energy physics, fusion, and
space-related science activities are rich with examples of this type
of cooperation. U.S. experience is more limited in large-scale col-
laborative projects where research efforts are highly interdepen-
dent and jointly funded and constructed. The International
Thermonuclear Experimental Reactor (ITER) and U.S.-Russian
activities associated with the space station are examples of large
scale collaborative efforts that involve close participation among
nations. Although experience with this type of collaboration has
been limited, valuable lessons have been learned.

National science goals influence whether the United States
participates in scientific collaborative efforts; these goals provide
the context for establishing national science programs and for de-
veloping government agency policy. In this chapter, our nation’s
overarching science goals are described briefly, followed by a dis-
cussion of the U.S. experience with collaborative projects in sci-
ence and their implications for future activities. Several research
areas are discussed: high-energy physics, fusion, scientific activi-
ties in space, and neutron sources and synchrotrons.

U.S. GOALS IN SCIENTIFIC COLLABORATION

A review of the literature suggests that since World War Il, the
overriding goal of U.S. megascience projects has been to estab-
lish and maintain leadership in as many scientific fields as pos-
sible. The view that maintaining scientific leadership is important | 49
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has been reaffirmed in a recent White House rerity imperatives, and environmental and social
port, Science in the National Intere'st considerations. Scientific research can provide
The significance assigned to this primary goakthe foundation for innovation and technological
of leadership may have to be reevaluated, howedevelopment, which contributes to national eco-
er, given the development of sophisticated scienceomic well-being. Technological development in
programs and facilities worldwide, the increasingsome fields, such as biotechnology and comput-
costs of science, and the rapid diffusion of in-ers, relies on advances in basic science research.
formation. The United States is no longer the cleaFor example, research done on patrticle colliders
leader in all scientific disciplines. Other indus-and synchrotron radiation has stimulated the de-
trialized countries have developed comparable ovelopment of magnet technologies that have im-
competitive capabilities in many technical fields.portant medical and industrial applications.
Europe and Japan, for example, have leading-ikewise, basic research in solid-state physics in
edge, high-energy physics and fusion programthe 1950s laid the foundation for U.S. dominance
and facilities. The ambiguous nature of the goal oin computer technologies today. These and other
maintaining scientific leadership also raises funnew products and processes fuel U.S. economic
damental questions about what projects to fungrowth here and contribute to its competitiveness
and what level of commitment is most appropri-abroad.
ate. Resolving these questions is the challenge As economic activities become more global,
that lies ahead for U.S. policymakers and for thecompetition will continue to get tougher: new
scientific community. countries will join the competition, and new mar-
Even so, leadership in science can be a souré¢@ts will emerge. It is in this context that the
of national prestige. A classic illustration of the United States may rely even more on the results
relation of megaprojects to national prestige is thgielded by basic scientific research. In the words
Apollo mission to the Moon more than 25 yearsof Frank Press, former President of the National
ago. The unexpected Soviet launching of twoAcademy of Sciences, “Basic research is our com-
Sputnik satellites had rocked the foundations oparative advantage in the world. In time, a lot of
the U.S. science community and its assumed teclecountries will be able to manufacture as well as the
nological superiority. Putting a man on the MoonJapanese. We're different in being able to create
was the culmination of a massive U.S. commitwealth with science?’
ment to meet the Soviet challenge and win the It is important to note, however, that other
space race. National prestige has also been citeduntries are leaders in technology development,
as one of the reasons for justifying U.S. commityet they devote fewer relative resources to basic
ment to the space station. science research than the United States. Both Ger-
Scientific leadership can also provide intel-many and Japan promote applications-oriented re-
lectual benefits to the United States by attractingearch with a view to developing products and
top-notch foreign scientists to conduct researclprocesses for new markets. Based on the suc-
here. For decades, foreign scientists have madmsses of the German and Japanese models, ensur-
significant contributions to U.S. science effortsing the proper mix of applied and basic research
and have enriched its scientific community. may be key to economic development.
Other U.S. science goals are linked to eco-
nomic productivity, foreign policy, national secu-

lwilliam J. Clinton and Albert Gore, J6cience in the National Intere@ashington, DC: Executive Office of the President, Office of
Science and Technology Policy, August 1994).

2| ee Smith, “What the U.S. Can Do About R&Fbrtune,Oct. 19, 1992, p. 75.
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U.S. scientific preeminence and expertise haveroliferation of nuclear weapons. New and im-
also contributed to foreign policy success and iproved technologies, particularly in arms moni-
the achievement of American goals around theoring and verification, will be required to meet
world. Bilateral scientific research agreementsthis challenge.
for example, have been used for years to build and Over the years, scientific research has enjoyed
strengthen alliances or signal displeasure. In ththe strong support of different administrations and
1960s, bilateral science and technology (S&T)Congress. However, funding priorities have
agreements between the United States and trshifted in response to international events and do-
Peoples Republic of China encouraged contaanestic politics (see box 3-1).
among scientists as well as government officials. Recently, complex and costly science projects,
As a symbolic message, the United States scaleslich as the Superconducting Super Collider
back its S&T agreements with the Soviet Union(SSC), the Advanced Neutron Source, and the To-
after the Soviet invasion of Afghanistan. kamak Physics Experimefithave motivated de-

Scientific agreements may also provide incenbate in the Administration and Congress about
tives to observe and maintain other treaties onational research goals and the capacity of the
agreements. For example, Russia’s invitation tdJ.S. government to fund basic research. In this
participate in the Space Station Project was, itontext, there has been much discussion about the
part, contingent on its adherence to the Missilgotential for international collaboration in large
Technology Control Regime, an informal, volun- science projects. Collaborative efforts are now un-
tary agreement among suppliers of space techder way in space, fusion, and high-energy physics.
nology to restrict the export of systems and
components used for ballistic missiles. MoreoverH|GH-ENERGY PHYSICS

bilateral scientific agreements may play a role inyign_energy physics is a field of basic scientific
sustaining the science base of the former Sovighquiry that explores the fundamental characteris-
Union, promoting its stability, and preventing theyics of matter and the basic forces that govern all
proliferation of weapons-related expertise. W'thphysical phenomena. To gain insights about ele-
the end of the Cold War, however, S&T agreeentary particles and their interactions, physi-
ments may be less important as foreign policyists probe energy domains far removed from
tools. _ L those encountered in daily lifeln its attempt to
Science has contributed in significant ways t0sytend the frontiers of human knowledge about
natlonal securlty g_oal_s as well. Our military tech'underlying natural processes and laws, and to an-
nological superiority is the result of advances ingyer questions about the origin of the universe,
f_undamenta_l science and engineering. As our Ngpe high-energy physics field has especially
tional security goals are redefined by the end Ofjefined itself by drawing on the intellectual re-
the Cold War, basic science will continue to figureg, rces of scientists throughout the world.
prominently. One of the most troublesome securi-
ty challenges now facing the United States is the

3The TPX is a fusion device proposed to be built at the Princeton Plasma Physics Laboratory. Congress has not yet authorized funds to begin
construction of the approximately $700 million TPX. For an indepth discussion on the TPX, see the recent report, U.S. Congress, Office of
Technology Assessmerithe Fusion Energy Program: The Role of TPX and Alternate Con€&@ptsBP-ETI-141 (Washington, DC: U.S.
Government Printing Office, February 1995).

4Existing and new particle accelerators operate at energies in the billion electron volt (GeV) to trillion electron volt range (TeV). By compar-
ison, the thermal combustion of a single carbon atom contained in coal releases about four electron volts. Thus, a single particle (e.g., a proton or
electron) being accelerated to 1 TeV would have an energy about a trillion times greater than that associated with the burning of a carbon atom.
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BOX 3-1: Funding Priorities

Broad-based federal support for scientific research has spanned five decades. During this peri-
od, the ability of the United States to conduct research has grown considerably and so, too, has the
demand for funding. Today, there are far more opportunities for research than there are funds to support

projects.  Consequently, research funding decisions have been challenging and sometimes contentious
for Congress, the Administration, and the scientific community.
Since federal support began in the mid-1940s, a key consideration in allocating federal funds

has been the need to maintain a diverse portfolio of large and small science projects. Other consider-
ations have included enhancing the U.S. science base in specific research areas, and training scien-
tists and engineers In recent years, budgetary considerations have focused increased attention on the
need for more explicit priority setting as a way to help allocate federal resources and strengthen the
nation's portfolio. Currently, priority setting is distributed throughout the federal government at many dif-
ferent levels. At the highest level, scientific priorities are compared to other conscience needs. Priorities
are also determined across research fields and within particular disciplines. The OTA report, Federally
Funded Research: Decisions for a Decade, identified priority setting as a pressing challenge for the
US. research system in the 1990s.

A snapshot of historical funding prioriies reveals that during World War II, federal investment fo-
cused on military and atomic energy-related projects. In the 1950s and 1960s, Soviet achievements in
space and expanded military spending prompted the United States to increase funding for its own
space initiatives and defense programs. By the late 1960s, however, research funding had declined
due, in part, to the enormous costs of the Vietham War and the expansion of domestic social programs.
The decade of the 1970s brought renewed interest in space projects, the expansion of funding for ener-
gy and health research, and cuts in defense research and development (R&D). In the 1980s, during the
Reagan Administration, defense projects regained top funding priority, and energy and health research
funding declined. At the same time, basic science funding also increased Big science and technology
projects, such as the space station, the Superconducting Super Collider, the Strategic Defense Initia-
tive, and the Human Genome Project figured prominently on the national agenda. Finally, the belt-tight-
ening of the early 1990s brought yet more changes, including termination of the SSC project, redesign
of the space station, and the additon of Russia as a space station partner in 1994.

Despite the vicissitudes of funding during this period, megascience projects, including presiden-
tial science initiatives, have continued to command a noticeable portion (about 10 percent) of total fed-
eral R&D expenditures.’However, hecause of the disparate characteristics of large projects, compari-
sons and priority setting have proven difficult, resulting in a funding process for large projects that re-
mains largely ad hoc.

‘See U.S. Congress, Office of Technology Assessment, Federally Funded Research: Decisions for a Decade, OTA-SET-490

(Washington, DC: U.S. Government Printing Office, May 1991)
‘G e n e vVviewve J Knezo, Maijor S ci e n c e a n d T
1996, CRS Report for Congress, 95-490 SPR (Washington, DC: Congressional Research Service, Mar. 27, 1995

The principal scientific tool of this field of re-
search is the particle accelerator. By accelerating
particles to extremely high energies and bringing
them together in collisions, researchers are able to
develop greater understanding of the innermost

structure of matter. This is done by observing the
debris from collisions using extremely sophisti-
cated detectors. Because energy and mass are in-
terchangeable, high-energy particle collisions
essentially redistribute mass and energy to create
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TABLE 3-1: Elementary Particles and Force Carriers

First-generation family

Second-generation family

Third-generation family

Electron Muon

Electron  neutrino Muon  neutrino
Up quark Charm  quark
Down quark Strange quark
Force carriers Force

Photon Electromagnetic force
W boson Weak nuclear force
Z boson Weak nuclear force
Gluons Strong nuclear force

Tau neutrino
Tau lepton
Top quark
Bottom quark

SOURCE: U S Department of Energy, Office of Energy Research, Division of High Energy Physics, High Energy Physics Advisory Panel's Subpan.

el on Vision for the Future of High Energy Physics, DOE/ER-0614P

new particles.’ The higher the impact energy, the
more massive these new particles can be, thus re-
vealing hitherto unknown or hidden properties of
matter. As a consequence of the need for higher
energies, accelerators have increased consider-
aly in size over the years. Accelerators and detec-
tors are large, elaborate, expensive devices, and
experiments typically involve the collaboration of
hundreds of scientists and engineers.

Over the past 50 years, the experimental dis-
coveries and theoretical insights of researchers
worldwide have led to the construction of a re-
markably successful model that describes the
types of particles that exist in nature and how they
interact with each other. This so-called Standard
Model depicts all matter as consisting of only

(Washington,

DC: May 1994).

three families of fundamental particles. (See table
3-1.) Each family contains two types of quarks®
and two types of leptons. 'The protons and neu-
trons that form atomic nuclei are combinations of
two different types of quarks, and the electrons
that surround atomic nuclei are leptons. The re-
maining quarks and leptons are not found in ordi-
nary matter and can only be studied in high-energy
processes. The forces that operate among quarks
and leptons are mediated by additional particles.’

Although the Standard Model has proved a suc-
cessful predictive and explanatory tool, physicists
believe that it cannot answer a number of ques-
tions. For example, why are there so many ele-
mentary particles and why do they appear as three

“This phenomenon is described by Einstein’s formula E = mc’. The process by which new heavy particles are created from the collisions of
lighter particles is akin to a bowling ball emerging from the collision of two tennis balls. For example, the recently discovered top quark, the
heaviest of known elementary particles, has a mass equivalent to that of a gold atom. Evidence for the existence of the top quark, the last quark to
be identified, was announced in March 1995 by two independent teams of researchers at the Fermi National Accelerator Laboratory.

‘The names given to these six quarks areup, down, strange, charm, bottom, and top. They each have different masses and charges. The

proton consists of two up quarks and one down, while a neutron consists of two downs and one up. For further information see Daniel Morgan,
High-Energy Physics Accelerator Facilities, CRS Report for Congress (Washington, DC: Congressional Research Service, Sept. 17, 1993),

appendix, pp. CRS-22 to CRS-23.

'Each elementary particle also has a corresponding antiparticle with identical mass but opposite charge. For example, the antiparticle of the

electron is the positron. Positrons are produced in accelerator collisions and have found important use as a medica diagnostic tool, a technique
caled positron emission tomography. Combinations of quarks and antiquarks can account for the roughly 200 known particles or hadrons that

have been discovered.

‘Quarks and leptons interact by exchanging particles known as force earners. The strong force that holds quarks together to form protons

and neutrons is mediated by gluon particles; the weak force is mediated by W and Z bosons, and the electromagnetic force is mediated by pho-
tons. It is speculated that the force of gravity is aso mediated by a particle earner, but no such carrier has been discovered.



54| International Partnerships in Large Science Projects

families as opposed to any other number? What igoung and have served as an important compo-
the origin of mass and why do the fundamentahent of graduate-level education and training. Al-
particles exhibit no regularity in their mass&s? though establishing and maintaining a leadership
Why is the universe made primarily of matterposition in high-energy physics research has been
when the Big Bang theory would predict the cre-a major goal of U.S. programs, a policy of open ac-
ation of equal amounts of matter and antima¥fer? cess has also encouraged many researchers from
Can the missing mass of the universe be explaine8urope, Japan, and other parts of the world to par-
by an as-yet undiscovered class of super-heavycipate in U.S. projects. Indeed, several promi-
particles?! The high-energy physics community nent foreign scientists have received their training
believes that experimental clues to these questiong U.S. facilities.
could be provided by the next generation of high- In recent years, U.S. leadership in high-energy
energy particle accelerators. With the terminatiorphysics has been challenged by scientific devel-
of the SSC, the Large Hadron Collider at CERNopments in Europe and Japan. Additionally, do-
is the only currently approved project that will bemestic budget constraints have limited various
capable of addressing most of these isdéies.  experimental endeavors, and some new or exist-
ing projects have been either deferred or canceled.
0 U.S. Goals The recent termination of the SSC project was a
Since World War II, the United States has been major blow to the U.S. prograii.in the early
global leader in both the experimental and thel980s, the U.S. high-energy physics community
theoretical domains of high-energy physics. U.Sembraced the construction of the SSC as its top
high-energy physics facilities are among the bespriority. The project was expected to open new
in the world and have provided unique opportuniwindows of discovery and thereby solidify the
ties to conduct research and to advance scientifleadership position of the United States well into
understanding? In addition, these facilities have the next century. Questions about its manage-
stimulated interest in science among the nation’sent, performance, and spiraling cost estimates,

90ne theory suggests that particles acquire mass through interaction with a ubiquitous force field known as the Higgs field. Confirmation
that such a field exists would come from the discovery of very heavy particles known as Higgs particles. Theory predicts that Higgs particles
would have massesinthe 1 TeV range, energies that cannot be produced by any existing accelerator. The Large Hadron Collider (LHC) device at
CERN (as well as the canceled SSC) is designed to explore the energy range where Higgs patrticles might exist if the Standard Model is correct.

10This particular question is being addressed specifically B-faetoryprojects being carried out at the Stanford Linear Accelerator Cen-
ter and at the KEK facility in Japan.

11A central problem of modern astronomy is that most of the mass of the universe (90 percent) cannot be seenlgsbroatted), but
can be inferred from the gravitational behavior of galaxies. One possible theory accounts for this missing mass by positing the existence of
neutral, stable particles that have not yet been detecteds$umisymmetriparticles might be seen at the energies provided by the LHC facil-
ity now under construction at CERN.

12Although the LHC will have a combined beam energy roughly three times lower than the SSC, the luminosity or beam intensity of the
LHC will be 10 times greater than that of the SSC. The LHC will be able to probe energies up to about 2 TeV. However, because of its higher
luminosity, there will be a greater number of undesired collisions (so-oalledl that must be filtered by sophisticated detectors. The detector
technologies that will be deployed at the LHC will be much more complex than those planned for the SSC.

13The Department of Energy operates several high-energy physics and related nuclear physics facilities. They include the Alternating Gra-
dient Synchrotron and the Relativistic Heavy lon Collider at Brookhaven National Laboratory, the Tevatron at Fermilab, the electron linac at the
Stanford Linear Accelerator Center, and the Continuous Beam Accelerator Facility (CEBAF) in Newport News, Virginia. The National Science
Foundation funds the Cornell Electron Storage Ring.

14Murray Gell-Mann, a recipient of the Nobel Prize for his work in particle physics, described the termination of the SSC as a “conspicuous
setback for human civilization.” “Physicists Ponder Life After the Demise of the Supercolhigsy, York TimesAug. 9, 1994, p. C5.
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upgrading existing facilities and participating in
international efforts.

In 1994, a subpanel of the Department of Ener-
gy High Energy Physics Advisory Panel (HEPAP)
presented options for the future U.S. program.
The HEPAP subpanel noted the importance of in-
ternational collaboration in preserving U.S. scien-
tific and technological capabilities. U.S. scientists
already participate in experiments at several labo-
ratories in Europe and Japan. For example, several
hundred American physicists and engineers are
now involved with various experiments at the
DESY (Deutches Elektronen-Synchrotron) facil-
ity in Germany and at CERN in Switzerland. As
a specific measure to ensure that U.S. scientists re-
main at the forefront of accelerator design and
physics investigation, the subpanel recommended
that the United States also join the LHC project at
CERN.”However, the subpanel concluded that
the long-term future of U.S. high-energy physics
will depend on the research and development
(R&D) foundation built here, not in Europe or Ja-
pan.

While many important technical innovations
have resulted from high-energy physics research
and related areas of nuclear physics research,
The ALEPH detector at CERN. these spinoffs have invariably been unanticipated,

have occurred over a period of decades, and have
however, severely damaged support for the projoften resulted from scientists from many countries
ect*Because of its cancellation, the Unitedworking together’ln light of this history and the
States is now exploring ways to maintain a pressomewhat esoteric character of high-energy phys-
ence at the high-energy frontier by utilizing andics research, it is difficult to argue that participa-

“Initially, the project was estimated to cost about $4.4 billion (in 1988 dollars without an allowance for contingencies), but by 1993, cost
estimates had escalated to more than $11 billion. At the time of termination, 15 miles (of a total of 54) of tunnel had been dug, magnets had been
tested, and $2.2 hillion spent, mostly on salaries. Some observers argue that the management of the SSC was politicized and taken out of the
hands of Department of Energy technical managers who had a good record in overseeing the planning and execution of large projects. As a
consequence, the various problems that developed over the course of the SSC endeavor might have been either avoided or addressed in a more
effective manner.

*U.S. Department of Energy,Office of Energy Research, Division of High Energy Physigh, Energy Physics Advisory Panel's Subpan-

el on Vision for the Future of High Energy Physi@QwER-0614P (Washington, DC: May 1994).

“Some examples of spinoffs from high-energy physics and nuclear physics research include ion implantation in the semiconductor indus-
try, accelerate-based cancer therapy, computerized axial tomography (the CAT scanner), positron emission tomography, free electron lasers,
synchrotrons generated x-ray beams, and large data-handling and transfer software. See Paul David et al., Stanford University, Center for Eco-
nomic Policy Research, "The Economic Analysis of Payoffs from Basic Research-An Examination of the Case of Particle Physics Research,”
CEPR Publication No. 122, January 1988.
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TABLE 3-2: Escalation of Costs in High-Energy Physics and Relatec Areas of Nuclear Physics

Project Decade Nominal capital cost
Bevatron (U. S.) 1950s $10 million

Stanford Linear Accelerator (U. S.) 1960s $115 million

Fermilab Tevatron (U. S.) 1970s $250 million
Continuous Electron Beam Accelerator Facility (U.S.) 1980s-1990s $51 @million
Relativistic Heavy lon Collider (U. S.) 1990s $595 *million
Superconducting Super Collider (U. S.) 1980s-1990sh $8lillion-$11  billion®
Large Hadron Collider (Europe) 1990s° $2.3 billion®

‘Estimated total project cost.
"project terminated, 1993.

‘Completion planned 2005 to 2008.

‘The estimated cost for the Large Hadron Collider would be roughly twice as large ($4 to $5 billion) if it were developed On the same accounting

basis as U.S. cost estimates, Also this figure does not include the detectors, which may total as much as $2 billion.

SOURCE: Organization for Economic Cooperation and Development,

nal Research Service, “Big Science and Technology Projects’ Analysis of 30 Selected U.S. Government Projects,
Jaffe, Department of Energy, Office of High Energy and Nuclear Physics,

tion in multinational particle physics projects
could undermine a country’s technological com-
petitiveness (see chapter 2).

m Role of International Collaboration
High-energy physics research is a particularly
good candidate for international collaboration for
two reasons. 1) research in this field is essentialy
curiosity driven with little or no expectation of
short-term commercia returns, and 2) the knowl-
edge generated from particle physics experiments
is more of a global than a national asset. Indeed,
the most exciting advances in particle physics
have resulted from the pooling of intellectual re-
sources throughout the world. In light of the great
expense required to build new accelerators (see
table 3-2), collaboration among nations is likely
to deepen in coming years.

The most recent accomplishment of research-
ers—the experimental verification of the exis-
tence of the top quark”—provides a compelling
illustration of the universal character of the high-
energy physics enterprise. More than 800 scien-
tists from Brazil, Canada, Colombia, France,

Megascience and Its Background (Paris, France: 1993), p 19;

Congressio-
" August 24, 1994; and Harold
personal communication, April 1995,

India, Italy, Japan, Korea, Mexico, Russia, Tai-
wan, and the United States collaborated on the two
colliding beam experiments at Fermilab (CDF
and DZero) that discovered the top quark. More-
over, about onethird of the funds for the
5,000-ton, $100 million CDF detector were pro-
vided by the Japanese and Italian governments.
Over its entire history, 151 foreign institutions
from 34 nations have been actively involved in re-
search at Fermilab. Similar collaborative efforts
have also occurred at Stanford Linear Accelerator
Center (SLAC), the Nationa Laboratory for
High-Energy Physics (KEK) facility in Japan, and
CERN. Because the high-energy physics commu-
nity has evolved into a tightly linked network in
which researchers from throughout the world
communicate almost daily, collaboration has be-
come an integral feature of nearly all empirical
and theoretical undertakings.

Even with greater collaboration, innovation
and competition in high-energy physics can be
achieved by having multiple detectors at a single
facility. For example, evidence for the discovery
of the top quark was reinforced by the fact that two

18See S. Abachi et al. (The DO Collaboration), “Observation of the Top Quark,” Fermilab preprint, February 1995; and F. Abe et al. (The
CDF Collaboration), “Observation of Top Quark Production in [proton-antiproton] Collisions,” Fermilab preprint, February 1995.
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TABLE 3-3: High-Energy Physics Facilities

Electron-positron collider

Hadron collider and fixed target machines

Name Institution Country Name Institution Country
LEP CERN European  Consortium Tevatron FNAL United States
SLC SLAC United States SPS CERN European  Consortium
CESR Cornell  University United States AGS BNL United States
TRISTAN KEK Japan UNK 600 Russia
BEPC China PS KEK Japan
VEPP-4M Russia HERA DESY Germany
LHC CERN European  Consortium
CEBAF United States

KEY: AGS = Alternating Gradient Synchrotrons; BEPC = Beijing Electron-Positron Collider; BNL = Brookhaven National Laboratory, CEBAF = Con-
tinuous Electron Beam Accelerator Facility; CERN = European Laboratory for Particle Physics; CESR = Comell Electron Storage Ring, DESY =
Deutches Elektronen Synchrotrons; FNAL = Fermi National Accelerator Laboratory; HERA = Hadron Elektron Ring Anlage; KEK = National Labora-
tory for High Energy Physics; LEP = Large Electron-Positron Collider; LHC = Large Hadron Collider; PS = Proton Synchrotrons; SLAC = Stanford
Linear Accelerator Center; SLC = Stanford Linear Collider; SPS = Super Proton Synchrotrons; TRISTAN = Transposable Ring Intersecting Storage
Accelerator in Nippon; UNK 600 = Accelerating and Storage Complex; VEPP = Very Large Electron-Positron Project

SOURCE: OECD Megascience Forum

independent detector teams—the CDF and DZero
groups—provided empirical findings. The LHC
will also have two detector groups using different
approaches—the ATLAS and CMS detectors.

In some cases, having paralel facilities—
whether within a country or in different coun-
tries—is desirable. For example, both the United
States and Japan are constructing B-meson facto-
ries as a means to understand the fundamental dif-
ferences between matter and antimatter.” Even
though the ultimate goals of the two projects are
similar, they will employ different underlying
technologies. This diversity of approach could
lead to the development of new accelerator de-
signs. In this particular case, construction of the
B-factory in Japan was an integral component of
its long-term strategy to develop expertise in the

construction of advanced linear colliders.”Asin
the case of the top quark, having paralel efforts
can provide important experimental verification
of newly observed phenomena.

Although the design and management of future
experimental facilities will likely involve many
nations, existing high-energy physics facilities
around the world (see table 3-3), with the excep-
tion of CERN, are currently funded and operated
on a national basis. This is due principaly to the
fact that planning for most high-energy physics
projects started 20 years ago or more. In addition,
at various points in the past, high-energy physics
research was regarded as a possible source of de-
fense-related information. Even during the Cold
War, however, scientists from Western countries

“A B-factory produces pairs of B mesons and anti-B mesons for the purpose of studying the phenomenon known as charge-parity (CP)

violation. CP violation, which could explain why the universe appears to contain much more matter than antimatter, is an important concept in
the Standard Model of particle physics. The U.S. B-factory is being built at the SLAC at a cost of $293 million. A similar factory is also being
constructed at the KEK facility in Japan for about $350 million. Relative to other projects such as the LHC ($2.3 billion), the B-factory costs are
low enough to be pursued on a noncollaborative basis. Some observers, however, argue that only one B-factory was necessary.

*Hirotaka Sugawara, Director, KEK National Laboratory for High Energy Physics, personal communication, Nov. 16, 1994.
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were invited to work at the U.S.S.R.’s high-energy formula for successful development of an in-

physics facilities on well-defined prograrfs. ternational venture.
o = U.S. participation in the LHC project at CERN
[J Implications for the Future could lay the foundation for future cooperative

In light of its many achievements over the past efforts in high-energy physics. Regardless of
several decades, the U.S. high-energy physics the particular form of the U.S. contribution to
program has been generally regarded as quite suc-the LHC—whether knowledge, dollars, or
cessful. U.S. capabilities are world class, and poli- equipment—an important precedent is being
cies that encourage collaboration through open set in the area of international collaboratén.
access arrangements have advanced the underly-Participation in the LHC could maintain and
ing science and strengthened ties with the interna- perhaps even extend American capabilities in
tional high-energy physics community. Because the design of accelerator and detector systems
of the sophisticated nature of experimental work and components (e.g., superconducting mag-
and the significant capital investments required, nets). The HEPAP subpanel concluded that
the level of this multinational interaction can be participation in the LHC project could also
expected to intensify in coming years. “strengthen our [U.S.] credibility as a capable
The history of the U.S. high-energy physics host for such [large] projects in all fields of sci-
program, along with tightening budgets, suggests ence.?3 The Department of Energy (DOE) is
some important issues for consideration by poli- expected to recommend that U.S. contributions
cymakers and scientists alike: to the LHC project be roughly $40 million
annually over the next decagfe.
Government decisionmakers from countries
with major high-energy physics programs
could benefit from the creation of mechanisms
that facilitate multilateral planning of future
large high-energy physics facilities. This
would apply to hadron colliders that succeed
the LHCZS and to proposed electron-positron
colliders such as the Next Linear Collider

= |fitis determined that future high-energy phys-
ics projects should be carried out on an interna-
tional basis, such initiatives will most likely
fare better if they are truly collaborative from
the outset: in planning, financing, construction,
and operation. In the SSC project, the United
States sought foreign partners as a way of shar-
ing costs well after key engineering decisions
had been made. This did not prove to be a good

21see Center for Science, Trade and Technology Policy, George Mason University, “Large Science Project Priorities of Selected Countries,”
report prepared for the Office of Technology Assessment, December 1994.

22CERN'’s member states contribute both to the infrastructure costs of the laboratory in proportion to their gross domestic product, and to the
costs of their experimental teams who build and use detectors. Nonmember states, including the United States, need bear only the second of
these financial burdens. However, because nearly 500 American physicists are involved with the two LHC detectors, the CERN Council is
seeking U.S. contributions to the LHC accelerator project itself. John Krige, “ESA and CERN as International Collaborative Science Organiza-
tions,” contractor report prepared for the Office of Technology Assessment, January 1995.

23y.S. Department of Energy, see footnote 16.

245ee testimony of Martha Krebs, Director of DOE’s Office of Energy Research, before the Subcommittee on Energy and Water Develop-
ment, House Committee on Appropriations, Mar. 9, 1995. DOE, however, will not be in a position to recommend any specific level of LHC
funding until overall Department cost reduction goals through 2001 are developed.

25The HEPAP subpanel (chaired by Sidney Drell) points out that “preliminary examination indicates that it may become practical to build a
proton collider with beams of up to 10 times the energies of the LHC, using technology that could be developed in the next decade.” Such a
collider could be used to search for so-caflegersymmetrior superheavy particles that may lie beyond the energy range of the LHC. U.S.
Department of Energy, see footnote 16.
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(NLC).26 The NLC is already a multinational
grass roots effort among scientists from more
than 20 nations (preliminary experiments in-
volve researchers from the United States, Ja=
pan, and Russia). Some scientists believe that
the NLC should be set up as an international or-
ganization similar to CERRY Even though it

is only at an early concept stage, this embryonic
collaboration could receive greater attention
from relevant governments.

= Policymakers could explore opportunities for

consolidation of high-energy physics research
activities, as well as the possible elimination of
duplicative programs and facilities. Strategies
for efficiently utilizing existing high-energy =
physics facilities could also be developed. This
could mean closing down some facilities and
using the funds to extend operations at others.
The DOE budget for fiscal year (FY) 1996

takes a step in this direction by providing funds
to increase the effectiveness of high-energy
physics facilities at Fermilab, SLAC, and

Brookhaven. Cost-effectiveness can also be

ergy physics programs could be designed to
take advantage of existing expertise and infra-
structure throughout the world.

Greater attention and possibly higher levels of
funding could be given to nonconventional
(e.g., nonaccelerator) approaches to high-ener-
gy physics. In light of the extraordinary costs
of state-of-the-art accelerator facilities, support
of novel approaches to particle acceleration
could ultimately provide a fundamentally dif-
ferent and less costly means for probing the
high-energy frontier. Although work in this
area is now quite speculative, some interesting
nonconventional approaches have emefded.
Given the success of the U.S. high-energy phys-
ics program over the past several decades, poli-
cies ofopenandreciprocal access for foreign
scientists to national installations should be
maintained. However, at a time of tightening
budgets in virtually all industrial countries,
strategies for ensuring equitable sharing of
high-energy physics facility costs and benefits
should also be explored.

achieved by upgrading existing facilities. The
construction of the new Main Injec@rat Fer-  FUSION ENERGY RESEARCH

milab is one such undertaking. The Unitedrqr more than four decades, researchers in the

States could also examine where high-energy)pjteq States and elsewhere have been working to
physics objectives might be met by using facili-nqerstand and control nuclear fusion, the reac-
ties in other nations. U.S. and foreign high-en-

26Hadron colliders and electron-positron colliders are complementary experimental approaches. Hadron colliders provide great reach in
energy, while electron-positron colliders provide a precise method to search for new phenomena in finer detail. The Large Hadron Collider at
CERN and the Tevatron at Fermilab are designed to collide particles (hadrons) that are comprised of quarks. These collisions result in consider-
able debris, which makes it difficult to analyze data. In electron-positron collisions, however, the colliding particles (electrons and positrons,
which are fundamental particles like quarks) annihilate each other; thus the only particles remaining after the collision are those created by the
energy released. This makes it relatively easy to identify collision products. David Burke, Stanford Linear Accelerator Center, personal commu-
nication, Sept. 13, 1994.

27)apanese physicists are quite interested in taking a lead role in constructing the NLC facility. However, the Japanese government has taken
no official position on this matter. Sugawara, see footnote 20; and Wataru lwamoto, Ministry of Education, Science, and Culture, Research
Institute Division, personal communication, Nov. 15, 1994,

28The new Main Injector at Fermilab, which is scheduled to begin operating in 1999, will greatly increase the number of high-energy colli-
sions that experimenters can observe, and thus provide the opportunity for new discoveries. The Main Injector will be the most powerful proton
accelerator in operation until the completion of the LHC in about 2004.

29For example, some researchers are exploring how particles can be accelerated by plasma waves. Some preliminary work suggests that in
just one meter, plasma wave accelerators could reach energies around 30 GeV—about one-third of the energy that can be attained by the 27-ki-
lometer circular electron-positron collider at CERN. A variety of serious technical hurdles must be surmounted before such a plasma wave
scheme becomes workable. See Jonathan Wurtele, “Advanced Accelerator CoRbgptss’ Todayjuly 1994, pp. 33-40.
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BOX 3-2: Fusion Re

A fusion reaction occurs when the nuclei of atoms of two light elements fuse to form an atom of a
heavier element and additional particles, releasing energy. Scientists have found it easiest to produce
fusion reactions using isotopes of hydrogen, the lightest element. The reaction illustrated in figure 3-1
shows the fusion of deuterium (D) and tritum (T) nuclei to produce a helium nucleus and a free neutron.
The reaction releases a total of 17.6 milion electron volts (MeV) of energy.The neutron carries 14.1
MeV or fourfiths of the energy. In a fusion power reactor, the 14-MeV neutrons would be captured in

the material surrounding the reaction chamber and converted into heat. The helium nuclei carrying 3.5
MeV would remain in the chamber, heating the fuel and making more reactions possible.
For the reaction to occur, certain conditions of temperature, density, and confinement time must

be met simultaneously. Theoretically, there are a broad range of approaches that could be used to
create fusion reactions.’In the laboratory, scientists have heated fusion fuels to over 100 million de-
grees Centigrade to form a plasma, a state in which individual atoms are broken down or ionized into
their constituent electrons and nuclei. At these extremely high temperatures, the positively charged nu-
clei are able to overcome their natural repulsion and fuse. However, the plasma must be kept together
long enough for enough of the nuclei to fuse to be a net producer of energy.

Several approaches to confining the plasma have been explored. In magnetic confinement,
strong magnetic fields are used to control and shape the charged particles making up the plasma.
These fields prevent the plasma from touching the reaction chamber walls, which would instantly cool
and stop the reaction. The most technically successful magnetic confinement concept is the
which confines the plasma in a toroidal or donut-shaped vessel.

Inertial confinement fusion, the process used on a much larger scale in the hydrogen bomb, rep-
resents another approach under investigation. In this process (shown in figure 3-2), a pellet of fusion
fuel is rapidly heated and compressed by intense lasers or heavy-ion drivers to such high densities that
the fuel's own inertia is sufficient to contain it for the very short time necessary for the reaction to occur.
Gravitational fields are sufficient to confine the fusion reactions in the Sun and other stars, but this ap-
proach cannot be duplicated on Earth.

tokamak,

*For comparison, burning a single atom of the carbon contained in coal produces about 4 electron volts. A fusion reaction

therefore releases more than 4 million times as much energy per atom as coal combustion. An electron volt is the amount of energy that
a single electron can pickup from a 1 -volt battery One electron volt equals 1.52X 10%Btu (British Thermal Unit), or 4.45x10*

kilowatt-hours, or 1.6X10%joules.
sessment,
Alternate

Concepts, OTA-BP-ETI-141  (Washington,

‘For more detail on fusion science and the history of magnetic fusion research, see U.S. Congress, Office Of Technology As-
Sarpower: The U.S and the International Quest for Fusion Power, OTA-E-338 (Washington, DC: U. S. Govemment Printing
Office, October 1987). See also, U.S. Congress, Office of Technology Assessment, The Fusion Energy Program: The Role of TPX and
DC: U.S. Government Printing Office,
velopments and more on the state of research into other fusion concepts.

February 1995), pp. 65-80, for recent de-

tion that powers our Sun, the stars, and the hydro-
gen bomb, in the hopes of one day tapping that
process as a safe, environmentally attractive, and
economical energy source. Fusion reactions occur
when the nuclei of two lightweight atoms com-
bine, or fuse, releasing energy (see box 3-2). Fu-
sion research gave hirth to and nourished the new
field of plasma physics, which explores the behav-
ior of plasmas, the fourth state of matter.

Among the advantages cited by fusion support-
ers are a virtually limitless fuel supply and poten-
tidly less serious environmental impacts than
competing fossil or nuclear fission technologies.
Developing fusion power requires first demon-
strating its scientific and technical feasibility and
then establishing it as a commercially attractive
(i.e., economically competitive and publicly ac-
ceptable) power source. Significant domestic and
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international resources have been devoted toatts (MW) in experiments on the Tokamak

achieving this goal, and substantial scientific andFusion Test Reactor (TFTR) in 1994. This marked

technical achievements have been realized to dat@n increase in fusion power production by a factor

Most experts, however, readily concede the worlaof about 100 million over that achievable 20 years

is still several decades and several tens of billiong&go. Fusion temperatures of 400 million degrees
of dollars away from realizing commercially rele- Centigrade have also been attained in experi-
vant fusion-generated electricity. ments.

Notable progress has been made in addressing Among the scientific challenges remaining to
the scientific and technical challenges to fusionbe met in fusion research include achieving high-
power development. Researchers at the Princeto@nergy gain (energy output that is many times
Plasma Physics Laboratory attained a world re-higher than energy input to create the reaction) and
cord in fusion energy production of 10.7 mega-ignition (the point at which a reaction is self-sus-
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taining even when external heating is turned off).continued successful R&D are expected to be re-
To develop a magnetic fusion powerplant, scien-quired before the science and technology are suffi-
tists must also be able to achieve high-energy gaigiently advanced to enable construction of a
in a steady state (continuous, rather than intermitdemonstration commercial fusion power reactor.
tent, operation). Reaching the critical milestone ofThis facility (dubbed DEMO) is scheduled to fol-
breakeven (the point at which the energy producedow ITER in about 2025. An actual commercial
by fusion reactions equals the energy input to hedtrototype is anticipated to be operational around
the plasma) remains beyond the reach of currer?040 under this schedule.
facilities. The TFTR experiments reached just DOE sponsors two fusion research programs:
over one-quarter of breakeven for a few momentsthe Magnetic Fusion Energy (MFE) program of
The proposed ITER is being designed to reactthe Office of Fusion Energy under the Office of
ignition and to operate for long pulses of severaEnergy Research, and the Inertial Confinement
hundred to more than 1,000 seconds. If successFusion (ICF) program in the Office of Defense
ful, ITER would accomplish several critical mile- Programs. The Office of Fusion Energy has re-
stones in the development of a fusion powesponsibility for research on the energy aspects of
reactor. Substantial engineering challenges in deboth magnetic and inertial confinement fusion.
veloping materials, components, and systems foWork on ICF science and technology in defense
operating fusion reactors also remain and willprograms advances eventual energy applications
have to be met through a broad-based program af inertial fusion energy. DOE-sponsored fusion
scientific, technical, and industrial R&D. research activities are carried out at national labo-
Under plans established a few years ago, tensatories, universities, private companies, and in-
of hillions of dollars and about three decades ofernational research centers.
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O Program Goals and Funding 1954 (AEC Act)32 the Magnetic Fusion Energy
Fusion research program goals have been estabhgineering Act of 1980 (MFEEA¥ and the En-
lished by legislation and by presidential and secrefr@y Policy Act of 1992 (EPACT¥ Further leg-
tarial decision$® The overarching goal of the islative direction has been provided in committee
program is to demonstrate that fusion energy i§ePOrts accompanying the annual appropriations
a technically and economically viable energyaCtSTQ’
source, specifically by developing an operating EPACT calls for: support of a broad-based fu-
demonstration fusion power reactor by aboufion energy program; participation in ITER engi-
2025 to be followed by an operating commercianeering design activities and related efforts;
prototype reactor by about 2040. Other goals indevelopment of fusion power technologies; in-
clude the development of fusion technologies, th&ustrial participation in technology; the develop-
education and training of fusion scientists and enment, design and construction of a major new U.S.
gineers, and the encouragement of industrial pamachine for fusion research and technology de-
ticipation and international collaboration. Budgetvelopment® ICF energy R&D; and the develop-
realities, however, have tempered the expectanent of a heavy-ion ICF experiment. EPACT
tions for achieving this optimistic developmentbuilds on the framework established by MFEEA
schedulé®! Civilian energy goals for the ICF en- for a broad-based fusion research and technology
ergy program are directed at the development odevelopment program, including support of re-
components for fusion energy systems that cagearch on alternative confinement concepts and
take advantage of the target physics developed Byel cycles. The 1980 act marked a shiftin the pro-
the Defense Programs ICF research. Underlyingram from a focus on fundamental fusion science
both the MFE and the ICF research programs is @and plasma physics to technology development.
desire to maintain the U.S. position in the fore- The AEC Act is another source for DOE sup-
front of fusion research internationally and to preort for fusion-related nuclear physics (including
serve U.S. capability to participate in any futureplasma physics) and engineering education and
fusion technology advances. training missions. Fusion research activities ad-
Legislative authority for fusion energy researchvance the general purposes of the AEC Act to:
is found in the Atomic Energy Commission Act of “encourage maximum scientific and industrial

30For more on the goals and structure of the DOE fusion energy programs see Office of Technology As3éeshesivn Energy Pro-
gram, see footnote 3.

3IDOE’s FY 1995 budget request candidly admits that “budgetary constraints over the past few years may mean that the schedule for meet-
ing such objectives is delayed.” U.S. Department of Energy, Office of the Chief Financial GfficE995 Congressional Budget Request:
Energy, Vol. 2, Supply Research and DevelopnBDE/CR-0021 (Washington, DC: February 1994), p. 425.

32Act of Aug. 30, 1954, ch. 1073, 60 Stat. 921, as amended, 42 U.S.C. 2011 et seq.

33public Law 96-386, Oct. 7, 1980, 94 Stat. 1539, 42 U.S.C. 9301.

34public Law 102-486, Oct. 24, 1992, sec. 2114, 106 Stat. 3073-3074 (codified at 42 U.S.C. 13474).

35See, for example, Conference Report on H.R. 2445, H. Rept 103-292, 103d Cong., 1st sess., at 139 Cong. Rec. H7948, Oct. 14, 1993
(daily ed.). The conferees directed DOE to give highest priority to participation in ITER and supporting TFTR experiments.

36The language in EPACT referring to a major new machine has been interpreted by some as authorization for the proposed TPX, and as
others as referring to ITER, still others maintain that federal expenditures for construction of either facility have yet to be authorized specifically.
In any case, the appropriations bills have deferred spending on TPX construction pending review, while allowing procurement for long lead-
time component technologies to continue.
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progress”; aid education and training; promotemillion for inertial fusion. About $157 million of
widespread participation in the development othe MFE funds are allocated for activities that di-
peaceful uses for atomic enefyand encourage rectly or indirectly support the ITER collabora-
international cooperatio?f The act authorizes a tion. Funds supporting ITER are spent on U.S.
broad range of research on nuclear processe®search activities designated as advancing ITER-
atomic energy theory and production, and the useelated R&D. Only about $600,000 is for direct
of nuclear energy or materials for the generatiorsupport of joint ITER administrative activities.
of usable energy and for commercial and indusThe FY 1996 budget request for magnetic fusion
trial applications. is $366 million and includes support of the ongo-

Over the past two decades, fusion energy prang ITER collaboration and initial construction
grams have been the subject of extensivéunds forthe proposed new Tokamak Physics Ex-
reviews39 Most of these reviews have compli- periment (TPX) at the Princeton Plasma Physics
mented the steady technical and scientific progtaboratory. The $257 million, FY 1996 budget re-
ress that has been achieved. Over the past decadagest for ICF activities includes construction
however, reviewers have expressed concern abofutnds for the National Ignition Facility
increased risk to the success of the program frorfNIF)—the next major facility required for ad-
what many have seen as a premature narrowing sancement of inertial confinement fusiéf.
magnetic fusion research to a single focus on the

tokamak path and curtailment of research on altei-] International Collaboration in Fusion
native confinement concepts in response to bud- Research

get constraints. Even so, the reviewers Strongl){'nternational cooperation and collaboration in fu-

endorsed pursuit of further critical advances in fu-Sion research date from the late 1950s, when much

sion science relying on the tokamak as the MO sion research was declassified for the Second
developed (and successful) concept available. Reseneva Convention on the Peaceful Uses of

viewers have also raised concerns that eXiSti”ﬁtomic Energy. Since then, cooperation among
budget levels will not be adequqte t_o carry OuFesearchers in the United States, the Soviet Union,
even the narrowed program objectives on th%urope, and Japan has grown from informal ex-

scales and schedules proposed. ._changes between research laboratories, to formal

Funding for the fusion programs in FY 1995 Sy, 21ara) collaborative agreements between gov-
$362 million for magnetic fusion energy and $177

37Atomic energy is defined as all forms of energy released in the course of nuclear fission or nuclear transformation. 42 U.S.C. 2014. Trans-
formation is interpreted to include fusion.

3842 U.S.C. 2013.

39 See: U.S. Department of Energy, Fusion Policy Advisory Committee (FR&@t of the Technical Panel on Magnetic Fusion of the
Energy Research Advisory Board, Final RepP@E/S-0081 (Washington, DC: September 1990); Fusion Energy Advisory ComRétee,
port on Program Strategy for U.S. Magnetic Fusion Energy ProgbB@E\ER-0572T (Washington, DC: U.S. Department of Energy, Office of
Energy Research, September 1992); Fusion Energy Advisory Commiigee and Recommendations to the U.S. Department of Energy in
Response to the Charge Letter of September 18, D&Y2/ER-0594T (Washington, DC: U.S. Department of Energy, Office of Energy Re-
search, June 1993); Fusion Energy Advisory Committéeice and Recommendations to the Department of Energy in Partial Response to the
Charge Letter of September 24, 1991: ParDDE\ER-0555T (Washington, DC: U.S. Department of Energy, Office of Energy Research, June
1992). For a more detailed summary of these reviews, see Office of Technology Asséserfeusjon Energy Prograrsee footnote 3. For
more on prior reviews, see U.S. Congress, Office of Technology AssesStagmbwer: The U.S. and the International Quest for Fusion Pow-
er, OTA-E-338 (Washington, DC: U.S. Government Printing Office, October 1987).

40NIF is primarily motivated by the desire to maintain technological expertise in areas of nuclear weapons design as a component of the
DOE's Stockpile Stewardshiprogram. NIF’s contribution to the development of fusion energy and other scientific applications are adjunct
functions of the project.
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ernments, to the ongoing collaboration on theamillion degrees Centigrade. Due to the radioactiv-

ITER design. ity that will be generated, maintenance and moni-
toring of the reactor vessel will have to be carried
The ITER Collaboration out by remote methods. The impressive scale of

The United States, the European Atomic EnergyTER is dictated by the physical requirements of
Community (Euratom), Japan, and the Russiafi€ating and containing a plasma to fusion condi-
Federation are engaged in an unprecedented cdions on a steady-state basis using available
laboration on the engineering design of the protechnology and materials.

posed International Thermonuclear Experimental ITER offers not only great scientific chal-
Reactor. This collaboration has its roots in discuslenges, but practical technological challenges as
sions among the leaders of the European Commujell. For example, ITER’s superconducting mag-
nity, Japan, the Soviet Union, and the Unitegnetic coils will be the largest ever manufactured.
States in the mid-1980s. The impetus for the staftach coil will weigh more than 400 tons. The
of the ITER collaboration came from the discus-2amount of superconducting materials required to
sions between President Ronald Reagan and Stake them exceeds the currently available

viet General Secretary Mikhail Gorbachev at thenanufacturing capabilities of any one party;
1985 Geneva Summit. therefore, a cooperative effort is under way to

ITER’s purpose is: 1) to establish the scientificcoordinate the materials manufacture, fabrication,
and technological feasibility of magnetic fusionand assembly.
energy as a source of electric power by demon- ITER is being conducted in four phases under
strating controlled ignition and extended burn offormal intergovernmental agreements among the
deuterium-tritium (D-T) plasmas; and 2) to dem-parties: 1) the now-completed conceptual design
onstrate and test technologies, materials, and n@ctivities (CDA); 2) the ongoing engineering de-
clear components essential to development dfign activities (EDA); 3) the possible, future
fusion energy for practical purposes. It would notconstruction phase; and 4) the operations phase.
be equipped, however, to actually generate eled=ach phase is governed by a separate agreement
tricity. Demonstrating the production of electric- among the parties. To date the costs of ITER acti-
ity in a magnetic fusion energy powerplant wouldvities have been shared equally among the four
be left to the DEMO reactor, a device anticipatedarties.
for construction no sooner than 2025. The CDA phase ran from January 1988 to De-

If built, ITER would be by far the largest, most ceémber 1990 under the auspices of the Interna-
capable, and costliest fusion experiment in théional Atomic Energy Agency (IAEAJ! All four
world. ITER uses a tokamak design; it would beparties contributed personnel and support to the
more than eight stories tall and 30 meters in diamTER team for development of a conceptual de-
eter. The device is intended to sustain controllegign, scope, and mission for the project.
fusion reactions in a pulsed mode for periods of at The EDA phase is being conducted under anin-
least 15 minutes. ITER is expected to be capabl@rgovernmental agreement concluded in July
of producing more than 1,000 MW of thermal fu-1992 and extending to July 1998Each of the
sion power. Plasma temperatures inside the corparties has committed the equivalent of $300 mil-

finement chamber would be more than 150ion (1993 dollars) worth of personnel and equip-
ment to the design effort over that period. The

41The CDA was conducted under a set of Terms of Reference developed by the ITER Parties, but formally transmitted by the IAEA Director
General to the Parties for their individual acceptance. The ITER CDA agreement was in actuality a set of four acceptances of the same letter from
the IAEA Director General.

42The ITER EDA agreement was executed on behalf of the U.S. government by Secretary of Energy Admiral James Watkins.
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The Proposed International
Thermonuclear Experimental Reactor

SOURCE:  US.  Departmentt of Energy.

Y=
el
s

F.ﬂ ]
A
)

i

5

%‘
!

\
Ih.
!

)
I“"\.
.

!

an
—
\"‘“*T»i

Inside the vacuum vessel of the TFTR at the
Princeton Plasma Physics Laboratory
Graphite and graphite composite tiles

protect the inner wall of the vessel.

LR B N A 1L el




Chapter 3 U.S. Experience in International Collaboration | 67

The ITER Engineering Design Activities agreement was formally signed by the United States, Euratom, Japan, and the Russian
Federation in July 1992.

purpose of the EDA phase is to produce a “de- The next major step in ITER development will
tailed, complete, and fully integrated engineeringbe the negotiation of a process for deciding on a
design of ITER and all technical data necessarhost site. Exploratory discussions on a site selec-
for future decisions on the construction of ITER.”tion process are currently under way. Site selec-
On completion, the design and technical data willtion will have to be completed before specific
be available for each of the parties to use either asite-related safety, environmental, and economic
part of an international collaborative program oranalyses and design work for the ITER facility can
in its own domestic program. Other objectives ofbe finalized. A decision on a site and whether to
the EDA phase are to conduct validating R&D proceed to ITER construction and operations
supporting the engineering design of ITER, to esphases is scheduled to be made before 1998.
tablish siting requirements, to perform environ- These subsequent phases would require anew in-
mental and safety analyses related to the site, artérnational agreement. None of the parties is com-
to establish a program for ITER operation and de-mitted to proceed beyond the EDA phase.
commissioning. The ITER construction phase is tentatively
EDA activities are overseen by an ITER Coun-planned to start in 1998 and to be completed by
cil composed of two representatives of each party2005. Initial estimates of ITER construction costs
and the ITER Director who is responsible forwere about $6.9 billion in 1993 dollars. More re-
coordinating the activities of the Joint Centralcently, some analysts have projected ITER costs
Team (JCT) and other R&Din support of ITER. of between $8 billion and $10 billion. Detailed
The JCT is an international design team composedost estimates for this one-of-a kind research facil-
of scientists, engineers, and other professionaldy await completion of ITER engineering design
assigned to the project by the parties. The formawork. Interim design and cost analyses are ex-
seat of the Council is in Moscow. JCT activities pected in rnid-1995. Final design and cost esti-
are carried out by the parties and the four homenates are due in January 1998, if site selection has
teams at three joint work sites-Garching, Ger-been completed.
many; Naka, Japan; and San Diego, California. The fourth or operating phase of ITER is pro-
Each work site is responsible for a different aspecposed to begin in 2005 and run through approxi-
of ITER design. In consultation with the ITER mately 2025. The early years would be dominated
Council, the JCT, and each party’s designatedy a focus on the physics issues relating to achiev-
Home-TeamLeader, the ITER Director assigns ing and sustaining an ignited plasma. A more in-
and coordinates R&D activities by the four hometense engineering phase will follow. As an
country fusion programs that support the JCT. engineering test facility, ITER will be designed to
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allow researchers to install, test, and remove nuwearried out under the Euratom Treaty. The Euro-
merous ITER components, experimental packpean fusion community consists of the magnetic
ages, and test modules to examine material&ision programs of member states of the Euratom
properties, component characteristics, perforireaty plus Sweden and Switzerland. Research
mance, and lifetimes in an environment approxiprojects and funding levels are established under
mating the conditions of an operating fusionsuccessive, but overlapping five-year research
powerplant. This experience will aid efforts in theprograms developed by the European Commis-
design and development of a demonstration fusion (EC) in consultation with fusion researchers

sion powerplant. and government ministers of member countries.
The research programs are approved by the Coun-
Other Fusion Collaborations cil of the European Union (EU). Member-nation

Although they are not on the scale of the ongoindusion programs carry out the research and receive
ITER collaboration, other precedents exist forcontributions of up to 80 percent for projects in-
cooperation in fusion research under various bilatcluded in the EC research program.
eral and international agreements. Among the The Joint European Torus (JET), a large toka-
most recent examples are the Large Coil Taskak facility near Culham, England, is jointly
(LCT) test facility at Oak Ridge National Labora- funded and staffed by the Euratom fusion program
tory, and collaboration on the DIII-D tokamak atand 14 European countries. JET was established
General Atomics with the Japanese Atomic Eneras an independent collaborative undertaking that
gy Research Institut€® Positive experiences on is separate from, but cooperates with, member-
the LCT experiments contributed to the confi-state fusion programs. The goal of JET is to con-
dence of the parties in entering into the ITER colfirm fusion’s scientific theories and to dem-
laboration. Contributions from the Japanese irpnstrate the scientific feasibility of nuclear fusion
exchange for access to and operating time on tHfer power generation. JET is currently the world’s
DIII-D helped pay for upgrades to the device. Ef-largest tokamak; it hosts about 370 staff scientists
forts are ongoing to negotiate an agreement foand an equal number of contractors. In 1991, JET
collaboration among the ITER parties on a conwas the first tokamak to produce significant quan-
ceptual design for a 14-MeV (million electron tities of fusion power using a D-T fuel mix, reach-
volt) neutron materials test facility. ing a record plasma current of 7.1 million
The 14 MeV neutron source would be an accelamperes. JET researchers have been able to
erator-based materials testing facility that wouldachieve, individually, all the required conditions
be used to expose fusion reactor materials to irfi.e., plasma temperature, density, and confine-
tense bombardment by high-energy 14 MeV neument time), for a fusion power reactor, but the JET
tron beams to approximate over a few short yearis too small to achieve them all simultaneously. In
the effects of a lifetime of exposure in an operatind 996, JET is scheduled to begin a final phase of
fusion reactor. The availability of a 14 MeV mate-experiments involving fusion power production
rials testing facility is considered by all world fu- with D-T plasmas, using a recently installed
sion programs to be essential to the developmemumped divertor. These experiments are intended
of low-activation alloys and other materials forto support ITER design activities.
use in fusion powerplants. Negotiations to establish JET were begun in
There is experience with international collabo-1973 and concluded in 1978. Several years of ne-
ration in the operation of a major fusion facility. gotiation were necessary to concur on an appropri-
The joint European fusion research program iste site following completion of the design in

43These collaborations are discussed in Office of Technology AssesStapower see footnote 39.
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1975. JET is operated under statutes adopted and allocation of benefits and costs remain to be
the European Community (now the Europeamegotiated before ITER can proceed to the next
Union) and governed by the JET Council, whichand considerably more expensive construction
includes representatives of the member countriephase. The United States and its ITER partners are
The EC fusion program provides 80 percent oturrently engaged in preliminary discussions con-
JET funding; the 14 participating countries pro-cerning the form that such future negotiations will
vide 20 percent, with the United Kingdom payingtake4

a 10-percent host premium on its share. The U.S. fusion program faces substantial bud-
o ) getary challenges and has come under increasing
[J Implications for Future Collaborations scrutiny as Congress is confronted by tough

Early successes in international cooperation in fuehoices about the future of fusion energy research
sion led to today’s unprecedented ITER collaboraand other megascience activities. Carrying out the
tion in which four equal parties are working present development plan for a tokamak fusion
together in an effort to design and construct theeactor, currently the most technically advanced
world’s largest tokamak to achieve the criticalmagnetic fusion concept, implies a doubling, or
goal of an ignited plasma. The earlier effortseven tripling of the annual magnetic fusion budget
created relationships among fusion researchers iff$373 million in FY 1995). This amount assumes
ternationally and laid the groundwork for a morethat the United States will continue to pay an equal
formal partnership in ITER. Budgetary strainsone-quarter share of the cost of ITER, with the
facing science research also contributed to the dether three parties international partners picking
sire for international collaborative efforts to con-up the other shares (see figure 3-3). However, no
tinue progress in fusion and plasma science. Thagreements on ITER construction have yet been
ITER team has been progressing in its design efiegotiated, including how much each of the par-
forts supported by R&D and technology develop-icipating parties will pay®
ment activities in the parties’ home-team fusion The most immediate decision is whether to
programs. The level of cooperation and success ifund construction of the TPX, an approximately
ITER to date has led analysts to suggest that thi5700 million superconducting, steady-state ad-
collaboration could prove to be a model for futurevanced tokamak intended to replace the existing
international efforts. TFTR when the reactor is decommissioned after
The ITER project and other international col-the current round of experiments. If the TPX is not
laborative efforts in fusion, such as the proposetbuilt, the United States will soon be left without
14-MeV neutron source materials testing facility,a new domestic leading-edge magnetic fusion de-
still face a number of scientific, technical, politi- vice. In the view of many in the fusion research
cal, and budgetary hurdles. Many difficult issuescommunity, U.S. researchers and industry will
concerning funding, technology transfer, siting,also be deprived of vital experience that could
intellectual property rights, project management,

440n November 21, 1994, Secretary of Energy Hazel O’ Leary transmitted the “Interim Report to the Congress on Planning for Internation-
al Thermonuclear Experimental Reactor Siting and Construction Decisions,” to several congressional committees in partial response to re-
guests for a detailed ITER siting and development plan in the FY 1993 and FY 1994 Energy and Water Development Appropriations conference
reports. The Secretary advised the committees that a more complete response could not be provided until the ITER Interim Design Report is
completed and accepted by the parties.

4550me at DOE and in the fusion research community are exploring what role, if any, the U.S. fusion program could play in a future ITER
collaboration if U.S. fusion program budgets remain flat as projected, or are reduced. Some have suggested that the United States might attempt
to negotiate a role as a junior partner in ITER to preserve access to the facility and the technology for the U.S. fusion program. But it is not at all
clear whether the other parties would react favorably to this approach.
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FIGURE 3-3: Estimated Funding Levels Required
for the U.S. Magnetic Fusion Energy Program for

TPX, ITER, and 2025 DEMO in FY 1990-2001
($ in millions as spent)

1,000

[[7] ITER construction
good L_|ITERR&D

B rx

Base program

600+

$millions

1990 92 94 9 98
Fiscal year

NOTE: This figure is based on internal Office of Fusion Energy planning
estimates and the funding levels shown are not reflected in FY 1995
budget request documentation. The increase in base program funding
in FY 1997-2001 reflects increased activity in support of TPX and ITER
and for a proposed fusion materials test facility

SOURCE: Office of Technology Assessment 1995, based on informa-
tion from the US. Department of Energy.

position them to compete for ITER contracts and
take advantage of ITER technology.

If Congress or the executive branch decides not
to increase fusion budgets to the extent that would
be needed to pursue expensive new devices at this
time, or even to reduce fusion budgets, a dramatic
rethinking of the structure and priorities of the
U.S. fusion effort will be required.” At a mini-
mum, a fla or reduced budget will mean that con-
tinuing to support ITER collaboration at currently
projected levels will cut even more deeply into the

“ Office of Technology Assessment, The

Fusion

U.S. base progran and constrain any efforts to ex-
pand investigation of alternative concepts.

A decision to reduce U.S. commitment to the
ITER collaboration would pose difficult problems
not only for us, but also for our partners. The
United States has committed to provide resources
to support its one-quarter share of the ITER EDA
through 1998 in an international agreement signed
on behalf of the Government by Energy Secretary
James Watkins, ” Changes to the EDA agreement
require consent of al parties. The United States
and any other party can freely elect not to partici-
pate in the next and more expensive ITER
construction phase. Pulling back from the existing
EDA commitment would certainly prove disrup-
tive to the successful completion of ITER since
the collaborative efforts of the parties are highly
integrated and interdependent. The decision
would have profound consequences not only for
fusion research, but also for the future of U.S. in-
volvement in international collaborative efforts
on large science facilities. U.S. withdrawal from
ITER would trigger an extensive reexamination of
the U.S. fusion program, in which ITER participa
tion has had a central role, backed by EPACT and
directives from congressional appropriators. U.S.
withdrawal from ITER would also require our
partners to reexamine and possibly restructure
their fusion research programs because ITER
R&D activities now occupy a dominant role in
those programs. It is by no means clear that the
governments of the remaining parties would be
willing to fund ITER design completion and
construction on the scale and schedule currently
envisioned.

The United States is not aone in pondering
whether it is ready to take the next ambitious and
highly expensive step in the development of fu-

Energy Research Program, Ssee

Technology Assessment, testimony at hearings before the Subcommittee on Energy and Environment, House Committee on Science, Feb. 15,

1995.

“Asis typical in such agreements, the ITER EDA Agreement and Protocol provides that the parties agree “subject to their laws and regula-

tions’ to carry out the collaboration. The agreement may be amended or terminated only by written agreement of the parties. International
Atomic Energy Agency, “International Thermonuclear Experimental Reactor (ITER) Engineering Design Activities (EDA) Agreement and

Protocol 2,” ITER EDA Documentation Series No. 5, 1994,

footnote
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sion as an energy source for the future. In 1990, posed by the Japanese fusion research community
review panel for the EC fusion program also ex-as a successor to the Japanese JT-60U. According
pressed some reservations about the pace of prag- OTA interviews, continued funding of the fu-
ress and, in calling for a reevaluation of the EGsion program at current levels beyond the end of
fusion program in 1995, noted: the existing research plan is by no means secure.
The Board wishes to advise the European fu- The significant integration of the major world
sion community that, while prospects and re- fusion programs resulting from collaboration on
sults may by then be so encouraging as to justify ITER and other projects has created a situation in
pressing ahead, either independently or in the which, at present, no party supports a fully inde-
ambit of a convincing international agreement, pendent broadly based national fusion research
one possible outcome of such an evaluation program. The United States and its partners have
would be to redirect the whole European Pro-  peayily invested the future of their research pro-
gramme should the 1995 Report not favour im- o <o progress in ITER. Decisions on whether
mediately proceeding with construction of the o0 with ITER construction will mark a
Next Step device. Without prejudice to a pos- . ) . )
sible increase in the fusion effort should condi- critical pom_t both in the dev_elopme_nt of fusion
tions warrant, the Board wishes to make it clear POWer and in the success of international collabo-
that, in its view, the present scale of fusion rations in big science. Proceeding with ITER as
spending cannot be considered an automatically currently envisioned will demand an increase in
assured expenditure floor unless there is clear the fusion budgets of all the partners and a long-
evidence of progress toward the Programme’s term commitment to construction and operation
ultimate goaftd of the facility in addition to maintaining the sup-
The European review panel commented favorporting infrastructure of domestic fusion pro-
ably on the benefits to be derived in reducing th@rams. Should the United States (or any of the
technical and financial risks of proceeding with aother partners) elect to delay or reduce its con-
next-step fusion machine by relying on an internatribution, or withdraw entirely from the ITER col-
tional collaboration. It also raised a suggestiorlaboration, it would force a reevaluation and
that the ITER program be expanded into an extestructuring of all the partner’s national fusion
tended and articulated international fusion profrograms and would put the future of ITER in
gram that would share all the main functions ofguestion. It would also heighten concerns about
fusion reactor development including the develthe risks of international collaboration and the
opment of a neutron source for materials testingeliability of commitments.
and a major investigation of alternative fusion The U.S. fusion research program is currently
concept<d facing a critical decision point on whether or not
Japanese fusion research programs have bettbuild the TPX to explore advanced tokamak re-
funded at levels comparable to U.S. and Europeagimes in steady-state conditions as a replacement
fusion efforts and, like them, have devoted a sigfor the TFTR which is being shut down this year.
nificant share of current budgets to support of thd PX is intended as a national fusion research fa-
ITER collaboration. The future of the Japanese fucility to be managed and used by scientists from
sion program also hinges on decisions to be madaboratories and universities across the country.
about construction of ITER. The Japanese goveridithout TFTR or a replacement such as TPX, the
ment is deferring any decision on funding for aU.S. fusion program will not have any domestic
new large tokamak, the JT-60 Super Upgrade, pro-

48Fysion Program Evaluation Board, “Report Prepared for the Commission of the European Community,” July 1990, p. 56.
49 bid.
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large tokamaks to advance fusion research andumber of space-based Earth observation proj-
will become even more focused on ITER. ects. Since its inception in 1958, NASA has con-
Our ITER partners will face similar choices in cluded nearly 2,000 cooperative agreements.
a few years when their major national machine%/irtually all of its science projects involve at least
are scheduled for closure. Plans for new ambitioua minor international component, and collabora-
national fusion research devices in Europe and J&éon has played a major role in several of NASA's
pan have been deferred in favor of ITER. Howeviargest science-related projeeéts.
er, all parties eventually will have to define the NASA engages primarily in bilateral collabo-
appropriate roles and levels of support for domesrations. Its most extensive collaborative relation-
tic fusion programs in an era of expanded internaships have been with Canada, the European Space
tional collaboration. Agency (ESAP2 and Japan. In addition, NASA
Failure to pursue construction of ITER, or evenconducts major bilateral cooperative projects with
a considerable delay in startup of construction anthdividual European countries such as France,
operations could prove disruptive to the partnersGermany, Italy, and Russia.
own fusion programs and could trigger a redefini- NASA is currently involved in 11 science-re-
tion of fusion goals and priorities. One possiblelated programs that have a U.S. development cost
outcome could be that the partners might elect tof more than $400 million. Of these, six projects
build on past successful collaborations on thédiave costs more than $1 billion: the Interna-
LCT, and ITER CDA and EDA to forge a new col- tional Space Station, the Earth Observing System
laborative path on future fusion research facilities(EOS), the Advanced X-Ray Astrophysics Facil-
perhaps at a less ambitious scale, schedule, aitg (AXAF), the Cassini mission to Saturn, the

cost than originally envisioned for ITER. Hubble Space Telescope, and the Galileo mission
to Jupiter. All of these projects involve significant
50
SCIENTIFIC ACTIVITIES IN SPACE international collaboration. Table 3-4 lists these

International collaboration has long been a Vitabrojects, U.S. partners and their roles, the project
part of U.S. scientific activities in space. The Na-status, and NASA's current estimates of develop-
tional Aeronautics and Space Administrationment costs. Because of the complexity of account-
(NASA) oversees most U.S. civilian internationaling for all shuttle- and personnel-related expenses,

space activities. The National Oceanic and Atmothese figures may not fully reflect each project's
spheric Administration, in coordination with |timate cosf3

NASA and non-U.S. partners, supports a smaller

50 This discussion encompasses science and technology development activities that support NASA's Space Science program (astronomy,
astrophysics, lunar and planetary exploration, solar physics, and space radiation), as well as other activities in geosciences, life sciences, and
microgravity research.

51The National Aeronautics and Space Act of 1958 identified international collaboration as a fundamental goal. NASA's first international
cooperative science project was the 1962 Alouette mission with Canada, a basic science project to investigate the ionosphere. For a list of more
than 60 international cooperative ventures in space science between 1962 and 1985, many involving U.S. particigeio@oseeess,
Office of Technology Assessmeitternational Cooperation and Competition in Civilian Space ActivitERA-1ISC-239 (Washington, DC:
U.S. Government Printing Office, July 1985), pp. 379-380.

52 ESA is a 14-member European space research organization. Its members are Austria, Belgium, Denmark, Finland, France, Germany,
Ireland, Italy, the Netherlands, Norway, Spain, Sweden, Switzerland, and the United Kingdom.

53 These figures also do not account for operations costs. Mission operations and data analysis (MO&DA) costs vary considerably and,
when included in the analysis, can raise the costs for some projects significantly. For example, MO&DA costs for the Compton Gamma Ray
Observatory (CGRO) through FY 1995 are $112 million, 20 percent of development costs. MO&DA costs for the Galileo program are $331
million, 37 percent of development. And MO&DA expenditures for the Hubble Space Telescope—$1.7 billion—have already reached 110
percent of the program’s development costs.
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TABLE 3-4: Current Large International U.S. Projects in Space (more than $400 million)

Us. Costa

(spent to

Project Partners and project roles status FY 1995)

Space station U.S. Project leadership, overall design, Design currently under way. $38 billion
construction, launch, operations Assembly planned 1997-2002, ($14.4 billion)

Earth Observing System
(EOS and EOSDIS)

Advanced X-Ray
Astrophysics  Facility
(AXAF)

Cassini
Global  Geospace
Science  (GGS)

Collaborative ~ Solar
Terrestrial Research
Program (COSTR)

Ocean Topography
Experiment  (TOPEX)

Compton Gamma Ray
Observatory (CGRO)

Ulysses

Hubble Space
Telescope (HST)

Galileo

Russia: Pressurized modules, fuel resupply,
“lifeboats,” launch, operational expertise
Japan and ESA: Pressurized modules,
launch, servicing equipment

Canada: Robotics

U. S.: Spacecraft, instruments, launch,
operations

Canada, Japan, France, ESA, Eumetsat:
Instruments,  IEQS’spacecraft

U. S.: Spacecraft, instruments, launch,
operations

Germany, Netherlands, UK: Instruments

U. S.: Spacecraft, instruments, launch,
operations

ESA: Titan probe (Huygens)

Italy: Antenna

U. S.: Spacecraft, instruments, operations,
launch

Russia, France: Instruments, science
support

U. S.: Instruments, operations, launch
ESA: Spacecraft, instruments, launch
Japan: Spacecraft, instruments, operations

U. S.: Spacecraft, instruments, operations
France: Launch, instruments

U. S.: Spacecraft, instruments, launch,
operations
Germany.  Instruments

U. S.: Power unit, launch, tracking
ESA: Spacecraft, instruments, operations

U. S.. Spacecraft, instruments, launch,
operations

ESA: Instrument, solar arrays, operations

U. S.: Spacecraft, probe, instruments,
launch, operations

Germany: Retro-propulsion module,
instruments, tracking

followed by 10 years of
operations

EOS-AM1 launch planned for 1998 Total program:
EOS-PM1 launch planned for 2000 $8 billion

Other launches planned for 2000 ($2.6 billion)
and beyond

AXAF-1 launch planned for 1998 $2,1 billion
($1.1 billion)

Launch planned for 1997 $1.9 billion
($1.3 billion)

Wind launched in 1994 $583 million

In operation

Polar launch planned for 1995

Geotail launched in 1992 $511 million

In operation

SOHO launch planned for 1995

Cluster launch planned for 1995

Launched in 1992 $407 million

In operation

Launched in 1991 $957 million

In operation

Launched in 1990 $569 million

Mid-mission in solar orbit

Launched in 1990 $2.3 billion

In operation

Launched in 1989, arrival at $1.3 billion

Jupiter planned for 1995

*Capital costs include development, launch, orbital assembly, and construction of facilities. National Aeronautics and Space Administration
(NASA) civil service, non-program facility, and administrative support expenses are not included. For Space Station (27 missions), CGRO,
Ulysses, Hubble (two missions) and Galileo, NASA reports average shuttle launch costs of $400 million to $500 million. Figures represent dollars as
spent or projected, unadjusted for inflation.

"The International Earth Observing System (IEOS) includes: NASA—EOS; NASA/Japan-Tropical Rainfall Measuring Mission (TRMM); NOAA--
Environmental ~ Satellite  (POES); Japan: (ADEOS); (ESA)
Earth  Observation ~ Mission ~ (POEM).

Polar-Orbiting ~ Operational
&  Eumetsat—Polar-Orbit

Advanced Earth Observing Satellite European Space Agency
SOURCE: National ~Aeronautics

fice of Legislative Affairs;

and Space Administration-Julie  Baker, Resources Division, communication, 1995; Of-

and Space Station Program Office.

Analysis personal May 1,
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[INature of International

Collaboration in Space
The character of international collaboration in
space differs significantly from the nature of U.S.
involvement in cooperative activities in other
areas of science. Large collaborative ventures in
other disciplines often rely on international scien-
tific teams working interdependently at single fa
cilities. These international teams work on both
technology development and scientific investiga-
tions. In these collaborations, the level of informa
tion transfer about technical design and
fundamental science is high. For example, severa
hundred researchers and accelerator experts are
working closely at CERN to develop technica
specifications for the LHC accelerator and particle
detectors to ensure that the ultimate physics objec-
tives of the project can be met.

Cooperative scientific projects in space have
been more compartmentalized, with partners
working more independently of one another in
highly segmented projects. NASA often competi-
tively selects the design of instruments proposed
by internationally constituted scientific teams re-
sponding to competitive notices of opportunity.
But space technology development-especially
for the critical infrastructure elements that consti-
tute a large portion of the cost of space projects
(launchers, satellites and platforms, and so forth)
—is typicaly conducted without any exchange of
detailed design or manufacturing information.

Compartmentalization was originaly a high
priority because of the need to ensure the success
of collaborative projects with partners whose
technical capabilities fell below those of the
United States and to prevent the transfer of poten-
tial dual-use civilian-military technologies. The
heightened attention to preventing technology

BOX 3-3: Selected NASA Guidelines for
International Cooperation’

- Preference  for  project-specific  agreements.

+ Preference  for  agency-to-agency  cooperation.

* Technical and scientific objectives that contribute
to NASA program objectives.

+ Distinct (‘clean”) technical and managerial inter-
faces.

+ No or minimal exchange of funds between cooper-
ating  partners.

+ No or minimal technology transfer.

+ Open sharing of scientific results.

'These guidelines were developed during the 1960s and
last revised in December 1991 in NASA Management instruc-
tion (NMI) 1362.1C. For a discussion of the guidelines, see
Space Policy Institute and Association of Space Explorers, “In-
ternational Cooperation in Space---New Opportunities, New
Approaches,” Space Policy, vol. 8, August 1992, p 199

transfer has also been areflection, in part, of both
the much higher commercial potential of space
technologies versus those in areas such as high-
energy and nuclear physics, and the historical im-
portance of maintaining U.S. leadership in
space-related activities. Maintaining this leader-
ship position is a fundamental consideration in
guiding U.S. participation in international coop-
erative efforts .54

NASA long ago codified its approach to in-
ternational collaboration in a set of guidelines.
Among other provisions, these guidelines call for
minimizing the transfer of technologies; the cre-
ation of “clean technica and manageria inter-
faces’; and collaboration on a project-by-project
basis, rather than making the United States party
to multiproject umbrella agreements (see box
3-3).

“The National Space Policy defines leadership as preeminence in areas critical to achieving nationa security, scientific, economic, and

foreign policy objectives. But U.S. government agency efforts to pursue international projects are also guided by other broad goals, defined by
the National Space Policy, which are to: 1) strengthen national security; 2) achieve scientific, technical, and economic benefits; 3) encourage
private sector investment in space; 4) promote international collaboration; 5) maintain freedom of space for &l activities; and 6) expand human
activities beyond Earth. National Security Council, “National Space Policy,” National Space Policy Directive 1, Nov. 2, 1989. This policy was
formulated by the Bush Administration. The Clinton Administration, through the Office of Science and Technology Policy (OSTP), is currently

undertaking a review and update of the policy.
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An additional issue, NASA’'s dependence on

other countries for technologies on a mission’m _]'.-
critical path, has featured prominently in recenw ,-‘,
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congressional debate on U.S. space polidj- - ' k\ "'!\I'
though NASA has no official policy on the issue = 558 =TTl
of critical paths, dependence on other countriegs s, l,— TTTRp LR "“

' I . ' E".1I 1 j
. WIN

-

"
AT SIS WY A

————

5

e

for critical-path items has been controversial be
cause it raises questions about U.S. independenc
and control in collaborative space projects.

e~

m History of Space Collaboration

Despite NASA'’s longstanding and highly explicit
guidelines for collaboration, its policies and ap-{

?

proach to collaboration have changed over time!
The agency’s compartmentalized approach to col-

o

hancing U.S. leadership and independence in®==
space-related science and technologies. Worl
leadership was a primary, longstanding, and well
articulated U.S. space goal in the 1960s an
1970s. During this period, NASA was able to The European Spacelab module being loaded onto the space
achieve this goal because its budget and technicd]"" <"
capabilities far exceeded those of other Western . -
industrialized nations. With Western partner Siblé. International partners were wiling to ac-
countries eager to learn from the United States, cept ALnencan gomlnanc? n c_oo_peraﬁlve
NASA pursued collaboration largely on its own lsjglsgsrtawitlr?gt?]éjlsrécggﬁirzlgg cl)ea?;foiglas“p%%et em-
terms, creating what might be called a period of '
U.S. preeminence in international space coopera-_ BY the late 1970s and early 1980s, however, the
tion. According to Vice President Quayle’s Spacesnuatlon had changed in important ways. Partly as
Policy Advisory Board: a result of extensive cooperation with the United
: ' . States, some partner nations had developed signif-
T]he United States . . . approached intern- : ; -
i o[n a]l cooperation from a posil?ign of strength, at icant and s_ophlstlcated autonomous capapllltles.
its own initiative, largely on its own terms, and  Dartner nations expressed increasing desires to
usually as a discretionary, ‘value-added” activ- participate more substantively in crltl_cal deci-
ity that complemented core U.S. elements of a  Sions about the development and operation of col-
particular mission or capability. The size of the laborative projects, and objected to playing junior
U.S. space program and the preeminence of U.S. partner to the United States. ESA, founded in
space capabilites made such an approach pos- 1975 to give European autonomous space launch

-r-l"_'-.-.

®The term critical path refers to an element essential to a project’s operation and success, in contrast to technologies and services that am

strictly value-added in nature. For an example of discussion of the subject see the 1994 floor debate on space station funding. Congressional
Record, June 29,1994, pp. H5394-5395.

*Vice President's Special Policy Advisory Boal Post Cold War Assessmento§. Space Policy: A Task Group Rep@i¥ashington, DC:
Office of the Vice President December 1992), p. 9.



76| International Partnerships in Large Science Projects

capability and to raise Europe’s technical standarternational Solar Polar Mission (ISPM), a joint
in space, has been particularly active in expressingroject with ESA (see box 1-3). In 1979, NASA
this desire>’ and ESA started a program to send two spacecraft
Europeans cite their experience with the Spacesut of the Earth’s orbital plane to study the poles
lab project as a turning point in relations withof the Sun. In 1981, NASA canceled plans to build
NASA. In this program, Europe’s first large-scalethe U.S. ISPM spacecraft, basing its decision on
venture into human space activities, ESA develthe need to close a $500 million budget shortfall
oped a laboratory for use aboard the space shuttlie. the fiscal 1982 budget. Europeans expressed
From NASA's point of view, the Spacelab pro- surprise and dismay at the NASA decision but
gram was successful. It provided a value-enhanavere unable to reverse the cancellation.
ing addition to the space shuttle at low cost to the Although NASA kept its commitment to
United State® and gave the shuttle program anlaunch and track the European probe (renamed
international dimension that increased its politicalJlysses), and provide its nuclear power source,
prestige at home. Europe’s gains from the projedEuropeans have long cited the ISPM cancellation
included valuable experience in building human-o illustrate their claims about the unreliability of
rated space equipment and access to the benefitisS. commitment89 However, the real impact of
of the shuttle program. However, ESA, which waghe ISPM experience is less certain. Other coun-
hoping to recoup at least part of its investmentries may cite the ISPM example as part of a strate-
(and large cost overruns) in the project through segy to obtain more favorable terms in negotiations
rial production of several laboratories, was disapfor joint space projects with the United States.
pointed that NASA bought only the two modulesNevertheless, ISPM was an important milestone
stipulated in the agreement. Moreover, many Euin the U.S.-European collaborative relationship.
ropeans felt the project was a poor bargain. They As a result of these developments, in the 1980s,
asserted that Europe had built merely an accessod/S. collaborative space policy entered an ex-
for the U.S. space shuttle with little practical re-tended period of transition from the earlier era of
turn for European space-related science or indusd.S. preeminence to one in which the goal of lead-
try. European scientists and engineers furtheership was less sustainable and more ambiguous.
complained that NASA treated Europe conde-The ambiguity of the period was reflected in U.S.
scendingly, not as a partriér. space policy documents, which moved from
Questions about the stability of U.S. fundingbroad and unequivocal statements in the late
and periodic project redesigns also created chalt970s and early 1980s about the need to maintain
lenges to collaboration by raising questions about).S. space leadership, to more opaque statements
U.S. reliability among potential partners. Foreignin the late 1980s and early 1990s that called for the
partners most frequently cite the 1981 cancellabnited States to maintain leadership in certain
tion of U.S. plans to build a spacecraft for the In-

57 ESA was formed by the merger of the European Space Research Organization and the European Launcher Development Organization,
both of which were founded in 1964.

58 An earlier OTA report noted that “Spacelab cost (ESA) in excess of $1 billion. . . . For budgetary reasons, the alternative to an ESA Space-
lab was not a less capable U.S. Spacelab, but rather no Spacelab at all.” Office of Technology Asseesma¢innal Cooperation and Com-
petition in Civilian Space Activitiesee footnote 51, p. 409.

59 or a description and analysis of the Spacelab experience, see Joan Johnso@Haegis® Patterns of International Cooperation in
Space(Malabar, FL: Orbit Book Co.), 1990, pp. 25-30.

60n virtually every interview conducted with U.S. space science partners in research for the present report, questions about U.S. stability
were highlighted prominently by reference to the ISPM experience.
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loosely defined critical areas (usually involving [] Challenges to Collaboration
space transportation and human space flght).  Although collaboration has worked well in sever-
Afinal development in the late 1980s and earlys| automated, small- and medium-scale science
1990s—constrictions in the space budgets of thgrojects, NASA has encountered significantly
United States and its foreign partners—spurreghore difficulty in structuring and executing col-
further changes in the U.S. and multilateral aPiaborations in a few |arge programs, especia”y
proaches to collaboration. The result of all theseéhose involving human spaceflight. Instability in
developments has been a significant change iproject financing and technical design (at NASA
NASA space policy: a greater willingness in sev-and, more recently, among U.S. partners) has also
eral projects to accept foreign contributions agendered collaboration more difficult.
critical-path element&2a more active program of  The scale of large space projects—in terms of
flying U.S. instruments on foreign spacecraft; anchudgets and public profile—has made it difficult
a NASA strategic plan that speaks of keeping thégr NASA to structure stable, effective, and—
United States at the forefront of space—related SCiNhen necessary—interdependent collaborations.
ence and technology, rather than maintainingrhis has been especially true in human space
world leadershif$3 Although NASA policy still  flight because of its enormous expense and its im-
leaves much ambiguity about the role of U.Sportance for U.S. leadership and prestige in space
space leadership, the agency’s practices over thgtivities.
past few years have demonstrated greater flexibil- |n |arge, high-profile projects (often involving
ity in dealing with the issue. The continuing Chal-human space flight), the pressures on the United
lenges to collaboration and the U.S. experience iBtates to maintain control over international col-
the largest current international collaborative|gporations have been greater than in smaller, au-
projects are discussed below. tomated missions. These pressures have come
from NASA, as well as from outside, and were es-
pecially intense through the end of the Cold War.
For example, in 1990, the Advisory Committee on

61The debate about space goals within and outside NASA was vigorous, but filled with ambiguity. Sally Ride’s 1982aejeoship and
America’s Future In Spacstrongly advocated the pursuit of space leadership. And President Reagan’s February 1988 National Space Policy
directive confirmed “leadership in space” as the basic goal of U.S. policy. But a new Bush Administration national space policy directive in
November 1989 noted that although leadership would continue to be a fundamental objective, “Leadership in an increasingly competitive in-
ternational environment does not require United States preeminence in all areas and disciplines of space enterprise. It does require United States
preeminence in the key areas of space activity critical to achieving our national security, scientific, technical, economic, and foreign policy
goals.” Nevertheless, in 1992, Vice President Quayle’s Space Advisory Board focused on the importance of international collaboration as a way
“to influence the direction of future space undertakings around the world.” The Clinton Administration has not yet issued a new space policy,
but the first goal of the new 1994 U.S. science policy is to “maintain leadership.” See National Security Council,"National Space Policy,” see
footnote 54; and Vice President’s Space Policy Advisory Béarast Cold War Assessment of U.S. Space Policy: A Task Group (Wégmsirt
ington, DC: Office of the Vice President, December 1992), p. 42; Clinton and Gore, see footnote 1, p. 7.

62 Kenneth Pedersen notes that the U.S. preference for retaining control over critical path items will change because the increasing size and
complexity of projects will produce “numerous critical paths whose upkeep costs alone will defeat U.S. efforts to control and supply them all.”
Moreover, Pederson argues, “It seems unrealistic today to believe that other nations possessing advanced technical capabilities and harbouring
their own economic competitiveness objectives will be amenable to funding and developing only ancillary systems.” Kenneth S. Pedersen,
“Thoughts on International Space Cooperation and Interests in the Post-Cold War Bfmaitk”PolicyAugust 1992, p. 217.

63|t must be noted that the United States is still the acknowledged leader in many areas. In a worldwide scientific consensus unique to space
research, European and Japanese space officials acknowledge overall U.S. leadership. With a yearly space budget of $14 billion, the United
States spends more than Europe and Japan combined on civilian space activities. Only the Soviet Union has pursued a space program of compa-
rable scale and technical breadth. Since the disintegration of the U.S.S.R., Russia has continued the space program, but under severe financial
constraints.
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the Future of the U.S. Space Program (the Augugeartner’s ability to contribute significantly to the
tine Committee) recommended that internationastation program.” It was further noted that the for-
collaboration be used to demonstrate U.S. spaagign partners were further dismayed by official
leadership, but cautioned that the United StateNIASA statements that the space station was criti-
should retain operational control over critical-cal to U.S. leadership and that international col-
path elements in areas such as human space explaboration would “engage resources that
ration 54 otherwise might be used in support of programs
Pressures to maintain control have been espeompetitive to the United States.” This philoso-
cially strong in NASA's largest international hu- phy of collaboration conflicted with fundamental
man space project—the space station. Th&uropean and Japanese desires to achieve areas of
problems of international collaboration in the autonomy in their space programs and more equal
space station illustrate both the challenges of intechnical cooperation with the United Stafies.
ternational cooperation in large projects and how his made it more difficult to forge commitments
the evolution of U.S. cooperative policy has af-among partners and to reach detailed agreements
fected ongoing projects. Although the space stasn management and utilization iss@é#\ 1989
tion program contained collaborative elementdNASA internal design review excluded the space
from the beginning, until very recently all critical station’s foreign partners and caused further ten-
aspects of the project remained firmly under U.Ssion in the cooperative relationship. Since 1990,
control8> Consistent with the earlier U.S. ap- NASA has made a greater effort to include part-
proach to collaboration, the original station part-ners in station redesign activities. Despite these
ners were not invited to assist in its basic desigefforts, OTA has concluded that “the space station
or construction; rather, they were invited to con-experience appears to have convinced the partners
tribute supplementary elements. This approach tthat they should not enter into such an asymmetri-
international collaboration had the advantage otal arrangement [with the United States] ag&fh.”
adding elements to the station at no extra cost to However, with the addition of Russia as a sta-
the United States (see box 3-4.) tion partner in 1993, the U.S. position on collabo-
However, this approach to collaboration causedation changed fundamentally. Under the new
resentment among U.S. partners. According tdnternational Space Station program, the United
one space policy analyst, the Europeans and Jap@tates will rely on Russia for several critical ele-
nese saw the U.S. position as “arrogant and, paments, including: guidance, navigation, and con-
ticularly in Europe, insufficiently sensitive to a

64Advisory Committee on the Future of the U.S. Space Prograpurt of the Advisory Committee on the Future of the U.S. Space Program
(Washington, DC: U.S Government Printing Office, December 1990), p. 8.

65 Although the Canadian Mobile Servicing System has been on the station’s critical path from the beginning, the U.S. agreement with Cana-
da provides for all Canadian hardware, plans, and materials to be turned over to NASA in the event Canada were to withdraw from the program.
As in the agreement for the shuttle’s Canadarm, this gives the agémgtecontrol over the contribution and its underlying technology, in
case of default.

66 John M. Logsdon, “Together in Orbit: The Origins of International Participation in Space Station Freedom,” December 1991, pp.
139-140.

67 The desire (or need) to maintain U.S. control may also have reduced the potential financial savings offered by collaboration by excluding
opportunities to take advantage of partners’ expertise in critical areas of station design, construction, and operation. For example, NASA might
have capitalized on Europe’s experience in building Spacelab and satisfied the European desire to use this expertise by assigning construction
of all (or most) pressurized station laboratories to ESA. Instead, the United States, ESA, and Japan will each build separate pressurized facilities.

68 U.S. Congress, Office of Technology Assessmigi8,-Russian Cooperation in Spa@T¥A-1SS-618 (Washington, DC: U.S. Govern-
ment Printing Office, April 1995), p. 65.
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BOX 3-4: The Space Station

The space station is a U.S.-led international effort to build and operate a permanently occupied
Earth-orbiting research facility. The station is designed to play several roles: an orbital scientific labora-
tory for microgravity, Earth observation, and other experiments; a facility to study and develop skills for
long-term human duration in space; and a model of international cooperation.

The program began officially in January 1984, when President Reagan announced the U.SS. inten-
tion to build a space station and invited international participation in the endeavor. In 1988, after almost
four years of discussions and negotiations, the European Space Agency (ESA), Canada, and Japan
signed cooperative agreements to participate with the United States in building and operating the sta-
tion. The original plan called for a station, named Freedom, to be built by the early 1990s. However,
several program redesigns and funding reductions delayed station construction. In 1993, the United
States invited Russia to participate in the station.'The new International Space Station project, based
on the downsized Alpha design, is divided into three phases and calls for 34 construction-related
space flights.

.Phase 1, 1994 to 1997—Joint Space Shuttle-Mir program.

.Phase 2, 1997 to 1998-Building of station “core” using: U.S. node, lab module, central truss and
control moment gyros, and interface to Shuttle; Russian propulsion, initial power system, interface
to Russian vehicles, and assured crew-return vehicle; Canadian remote manipulator arm.

.Phase 3, 1998 to 2002—Station completion. Additon of U.S. modules, power system, and attitude

control; and Russian, Japanese, and ESA research modules and equipment.
Russian cooperation on the station is of a different nature than European and Japanese participa-

tion. Whereas Europe and Japan are making value-added contributions of pressurized research mod-
ules, the Russians are providing several critical space station components. These include the FGB
module (for guidance, navigation, and control), reboost and refueling, a service module, a power mast,
and a Soyuz/ACRV (emergency return vehicle).

Like Russia, Canada is also on the station's critical path. Based on its experience developing the
Canadarm for the space shuttle, Canada is supplying robotic systems for station assembly and mainte-
nance, However, unlike the U.S. agreement with Russia, the agreement with Canada would provide
NASA with all Canadian hardware, plans, and materials should Canada withdraw from the program.

The United States is responsible for the vast majority of the station budget. It spent about $10
billion on pre-Alpha station work and will have spent an additional $28 hilion on design, construction,
launch, and assembly to complete the station. In aunique cooperative feature, the United States antici-
pates spending nearly $650 milion in direct payments to Russia to pay for procurement of Russian
equipment for the station. The Japanese anticipate spending $3 bilion on the JEM (Japanese Exper-
imental Module). ESA is considering a $3-billion station-related program. And Canada is spending
about $1 hillion.

A new intergovernmental agreement and revised Memoranda of Understanding are now being negotiated, bringing Russia
into the program.

SOURCES. National ~Aeronautics and Space Administration; and Office of Technology Assessment, 1995.

trol in Phase 2; habitation until the U.S. habitation States and among the space station’s foreign part-
module is launched; crew-return (“lifeboat™) ners. Domestic objections to dependence on Rus-
modules through 2002; and reboost and fuel re- sian technology are based on concerns about
supply. The Russian collaboration policy has  Russia’'s politica and economic stability, ques-
evoked high levels of controversy in the United  tions about its technical reliability, the potential
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bl

for loss of U.S. jobs, and traditional pressures (T -l
maintain U.S. control over critical mission eIe-=E-
ments.” Foreign partners expressed resentme £
over not having been consulted about Russia’
sudden entry into the prografn.

These concerns have been much less promine e
in smaller and robotically operated science collab pmm .
orations with Western Europe, Japan, and Russi=_=
In these projects, NASA has for a longer time bee —
receptive to new, more interdependent forms o='
collaboration. The agency has formed collabora
tions with European and Japanese space agenCiqi i S s
relying in some cases on partners for critical mis -
sion components. NASA has relied on ESA for st S

critical solar power panels for the Hubble Spac
Telescope and on Germany for retro-propulsion s o= NN i —
systems and other critical components of the Gah_‘”ﬂ__:_-_ﬁ%
leo program. AlthOUgh EOS has .g_one t.hr_oughThe NASA Hubble Space Telescope solar panels were built by
several reorganizations and downsizings, it iS €Xthe European Space Agency. Here the Canadian-built robot
tensive|y collaborative on both a mission and aarm on the space shuttle Endeavors being used to inspect
. . the telescope.

programmatic level (see box 3-5). Out of the lime-
light of human space flight and without the huge _ . _
price tag of the space station, these science propudget constraints and because funding require-
ects have enjoyed greater flexibility and have notments rose considerably above initial estimates.
been burdened with carrying the full weight of For example, funding concerns prompted the re-
U.S. leadership and prestige. structuring of the space station in 1987, 1989, and

Another factor contributing to successful col- 1991. The projected cost (originally $8 billion)
laboration in science projects is financial and techose considerably before it was downsized again
nical stability. This has affected both large- andin 1993. The program is now projected to cost $38
medium-scale projects. Over the past decadéijllion. As noted above, funding for EOS was also
budgets for several NASA science projects wergreduced several times within a few years, from
cut significantly while these projects were under$17 billion to $8 billion’” After large mid-
development. Cuts have occurred both because @girogram cost increases, AXAF and the CRAF/

] g
LAY S MY

“NASA reports that it is “prudently developing contingency plans to allow the program to go forward in the event an international partner
is unable to fulfill its obligations. Congressional representatives have endorsed the need for such planning in the case of Russia.” Beth A. Mas-
ters, Director of International Relations, National Aeronautics and Space Administration letter to OTA, Apr. 26, 1995.

"The issue of Russian reliability, NASA contingency plans, the reactions of foreign partners to Rusaia’s inclusion in the program, and the

general risks and benefits of U.S.-Russian space cooperation are discussed in Office of Technology Asé&SsAmrgsian Cooperation in
Space, see footnote 68.
"For description of funding cuts in large science, see Wiliam C. Boesniig, Science and Technology Projects: Analysis of 30

Selected U.S. Government Projec(§Vashington, DC: Congressional Research Service), Dec. 7, 1994.
"This figure accounts for EOS costs only through the year 2000.
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BOX 3-5: The Earth Observing System

The Earth Observing System (EOS) is a multisatelite program to provide long-term,
data on global climate change, The program began in 1989, with National Aeronautics and Space Ad-
ministration  (NASA) plans to build three copies of two 15-ton polar-orbiting platforms, However, con-
gressional concerns about cost and the risks of concentrating resources on two large spacecraft led
NASA in 1991 to reduce the original program from $17 bilion to $11 bilion and to spread EOS instru-
ments among several smaller orbiters, Since 1991, further funding cuts have reduced the program’s
budget to $8 hillion (exclusive of EOS science costs) through the end of the century, The House Com-
mittee on Science has asked the National Academy of Sciences to review the EOS program with an
eye to reducing its costs even further.

EOS is a highly collaborative project, involving instruments and spacecraft from the United
States, Europe, Canada, and Japan. In exchange, these countries will fly several U.S. instruments on
their own missions, EOS was originally coupled to the space station agreement in 1989, The two pro-
grams were later separated, and EOS is now NASA's contribution to the International Earth Observing
System (IEOS), a joint project of the United States, Europe, Canada, and Japan. In addition to EOS, the
IEOS includes a joint U, S.-Japanese project, the Tropical Rainfall Measuring Mission; data from the
National  Oceanic and  Atmospheric ~ Administration’s  Polar-Orbiting ~ Operational ~ Environmental  Satellite
program; Japan's Advanced Earth Observing System program; and the Polar-Orbiting Earth Observa-
tion Mission, a joint project of the European Space Agency and Eumetsat.

NASA plans to launch the first two EOS satellites (EOS AM-1 and PM-1) in 1998 and 2000,
NASA has spent about $2 hilion to date on the program. Although EOS has a budget of $8 hillion, this
will finance the program only through the year 2000. NASA has designated $2.2 hilion of the current
EOS budget for EOSDIS, the system to manage and distribute the enormous amounts of data gener-
ated by the project.

SOURCE: Office of Technology Assessment, 1995,

continuous

Cassini program each eliminated a proposed ty continues to affect other projects under analysis

spacecraft. ”

In addition to these periodic downsizings for
large projects, the congressional budget review
has generated annual uncertainties about the sta-
bility of funding for virtually all space projects.
Uncertainty about continued or stable yearly
funding has been particularly acute for the space
station. The program survived by only one vote in
the House of Representatives in 1993. Uncertain-

here, such as the Cassini mission to Saturn. -
Periodic downsizings and the uncertainties of
the annual appropriations process make collabo-
ration difficult by generating questions among
foreign partners about the reliability and stability
of U.S. commitments. As noted earlier, cancella-
tion of the U.S. ISPM spacecraft reverberates to
this day. Yet, questions about funding stability can

“NASA originaly planned the axar x-ray telescope as one large telescope. However, in 1992, the agency eliminated some instruments

and divided the project into two telescopes-AXAF-I (x-ray imaging) and AXAF-S (x-ray spectroscopy)-to reduce costs. In 1994, further
budget pressures resulted in cancellation of funding for AXAF-S. At that time, Congress instructed NASA to undertake discussions with Japan
about the possibility of flying the AXAF-S spectrometer on a Japanese craft. These discussions are still underway. Cassini is a joint U.S.-ESA
misson to investigate Satun and its moon Titan. When it was initited in 1990, the project called for two spacecraft: Cesini to fly to Saun and a
Comet Rendezvous Asteroid Flyby (CRAF) mission to rendezvous with and investigate a comet and asteroid. However, by 1992, estimated
project capital costs had risen from $1.6 billion to $1.9 billion. Simultaneously, Congress reduced funding for the project. Under these
constraints, CRAF was canceled the next year, leaving Cassini as the sole U.S. component of the project.
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affect even projects that are successfully conSpecial Purpose Dexterous Manipula®ihus,
cluded. the reliability of its partners has now become a
In the past, analysts contrasted uncertaintgoncern for the United States.
about the funding of U.S. projects with the more Finally, financial stability—in both U.S. and
stable budgets of its foreign partners, particularlyforeign projects—also depends on the clarity of
ESA and the Japanese space agency (NASDA3cience goals and changes in project specifica-
During the 1970s and 1980s, funds for projects aions that affect collaborative relationships. In this
ESA and NASDA—once approved—were lessarea, there is a stark contrast between human space
subject to the annual uncertainties of U.S budgetdlight and robotic space projects. In smaller and
However, over the past five years, ESA has expeobotic projects, scientific goals have often been
rienced severe budget reductions (in its nonmarmuch clearer and less subject to dispute than in
datory programs) that have necessitated theentures involving human space flight. For exam-
cancellation of its Hermes space plane prograrple, consensus among partners about the scientific
and Man-Tended Free Flyer (MTFF), reductionsgoals of planetary missions has been much stron-
in Earth observation budgets, and substantial urger than about the space station. Whereas plane-
certainty about the agency’s long-term plans. Likgary and astronomical projects tend to focus
U.S. programs, ESA projects now face more rigclearly on scientific questions, the enormous cost
orous and uncertain yearly budget reviews, withof building facilities for human space programs
more frequent delays and downsizings than besuch as the space station renders them infrastruc-
fore. Of central concern to the United States, conture projects designed to satisfy a variety of
tinued disagreements within ESA about thegoals—scientific, technical, economic, and politi-
agency'’s proposed program to build a pressurizedal. These multiple goals complicate the execu-
module, a Crew Rescue Vehicle (CRV), and artion of larger space projects, whether domestic or
Autonomous Transfer Vehicle for cargo raiseinternational in character.
guestions about ESA's commitment to the space All of these factors—NASA's history of mid-
station’/4 Recently, ESA dropped the CRV from project downsizing, the annual congressional
its proposed contribution. France may seek to debudget cycle, the ISPM experience, and questions
velop the CRV in a collaborative project with Rus-about scientific goals—make it more difficult for
sia/® the United States to engage in large-scale coopera-
Canada’s commitment to build the robotic Mo-tive ventures. Collaboration has been easier in
bile Servicing System (MSS) for the station hassmaller projects where funding has been more
also come into question. In early 1994, Canada destable and the financial risks are lower. This great-
cided to terminate its critical path contribution toer financial stability makes it easier to build the
the station, but was dissuaded from doing so byelationships of mutual trust among partners that
President Clinton. Instead, Canada reformulatedre crucial to effective collaboration.
its contribution, with the U.S. assuming financial )
responsibility for portions of the MSS. Canadall Results of NASA Collaborations
also delayed for two years a decision on whetheNASA's collaborative efforts have produced sig-
to build an auxiliary contribution to the MSS, the nificant successes for the U.S. space program and

74 According to a NASA official, “There is a growing program downside to not knowing whether we can count on Europe in this program.”
See “ESA Accord PostponedViation Week and Space Technol|ddyy. 3, 1995, vol. 142, No.14, p. 29; and Craig Covault, “Station Partners
Reassess ESAs Roleiviation Week and Space Technoldggr. 27, 1995, vol. 142, No. 13, pp. 27-28.

75See Declan Butler, “France May Break Ranks Over Space Statlatute vol. 374, Apr. 27, 1995, p. 756.
76 For a discussion of this issue, see Marcia Si8jplace Station@Vashington, DC: Congressional Research Service, Apr. 6, 1995), p. 11.
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served U.S. interests and goals well. NASA indi- EOS began as a project to build three copies of
cates that it has saved money and increased tiwo U.S. polar-orbiting platforms with contribu-
scientific yield of many U.S. projects by addingtions of instruments from Europe and Japan. For-
instruments and expertise from partner countriegign instruments were intended in some cases to
without sacrificing operational control or spacecomplement proposed U.S. instruments. For ex-
leadership. Spacelab and the Canadian arm for ttzemple, data from the Japanese Advanced Space-
space shuttle are good examples of this type dforne Thermal Emission and Reflection
cooperatior’.” Collaboration in space activities Radiometer (ASTER) were originally intended to
has also strengthened relations with U.S. alliesomplement NASA's proposed High-Resolution
and served other foreign policy interests. Imaging Spectrometer (HIRIS). In one case,
Yet, in part due to changes in U.S. and foreigre SA's Multifrequency Imaging Microwave Radi-
space policy, the reduction in available resourcesgmeter, NASA chose to rely exclusively on a for-
and monumental events in world politics, the re-eign instrument for critical measurements.
sults of space-science collaboration over the past However, the original EOS plan was criticized
decade, although mostly positive, have been urfor its cost, the long period of time before the sys-
even. Recent U.S. experience in collaboration otem could provide policy-relevant data, and its de-
large science projects in space has been paradopiendence on two large platforms to carry all the
cal: although NASA initially designed projects program’s instruments. As a result, it was re-
that for the most part preserved U.S. indepenviewed, rescoped, and downsized several times
dence, leadership, and operational control, its tw@see table 1-2).
largest projects—the space station and EOS— NASA accomplished the downsizing of EOS
have evolved into highly interdependent collabo-with little loss of capability. However, in doing so,
rations. NASA has now come to depend much more exten-
Although the current rescoped EOS progransively on several foreign instruments as critical
might be seen as a model of interdependence 1d.S. mission elemen&or on foreign spacecraft
collaboration, this was not NASAss original vi- for flying critical U.S. instrument$? NASA ac-
sion. Rather than planning an extensively inteknowledges that reduced funding has increased
grated international project from the beginning,U.S. dependence on foreign instruments and
NASA significantly expanded the program’s de-flights:
pendence on foreign instruments when funding At $8 billion, EOS must depend increasingly
restraints dictated a dramatic downsizing of the o the international partners. Failure to accom-
U.S. contribution to the program. The downsizing  pjish planned international cooperation on [Ja-
of the EOS budget was the prime motive for ex- pan’s] Advanced Earth Observing System
panding the program’s international aspect. (ADEOS), [ESAs] Polar-Orbit Earth Observa-

77 An earlier OTA report noted that “[Clanadian expenditures (over $100 million) for the Shuttle’s highly successful remote manipulator
arm freed the United States from this Shuttle expense.” Office of Technology Assesst@ational Cooperation and Competition in Civil-
ian Space Activitiesee footnote 51, p. 409.

78 The cancellation of HIRIS, for example, left NASA much more dependent on Japan’s ASTER. NASA also eliminated the planned EOS
synthetic aperture radar (SAR) and will now rely instead on data from European, Japanese, and Canadian SARs.
79 NASA originally planned to fly 30 instruments on two U.S. platforms with no involvement of foreign spacecratft. In the rescoped pro-

gram, NASA will fly 24 U.S. instruments on 21 U.S. and 10 non-U.S. platforms. NASA has retained all six foreign instruments originally slated
for the program. National Aeronautics and Space Administration, Office of International Relations, fax communication, Jan. 27, 1995.
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tion Mission (POEM), [U.S.-Japanese] Tropical maintenance) builds on expertise developed for
Rainfall Measuring Mission (TRMM), and their the shuttle program.
follow-on missions will leave gaping holes in However, throughout the late 1980s and early
IEOS [International Earth Observing Sys-  1990s—under increasingly intense funding pres-
tem]. sures—NASAs station plans changed several
For the space station—designed as the U.Simes and were the subject of considerable uncer-
flagship for human activities in space—NASA tainty. Financial constraints reached a pinnacle in
also designed a U.S.-controlled project with in-1993. Simultaneously, the United States had un-
ternational enhancement. Although the Unitedjertaken discussions with Russia about technical
States sought supplementary international concooperation. Technical cooperation with Russia
tributions from the inception of the station Pro-was seen as an important tool for Supporting U.sS.
gram, NASA insisted that the United States WOUleoreign pOIle goa|S’ which included Russian ad-
build the Station, with or without foreign partiCi' herence to the Missile Techno|ogy Control Re-
pation.81 Originally, this vision of collaboration g|me and the genera| goa| of Supporting the
was consistent with the goals and technical caparansition to a market-oriented democracy in Rus-
bilities of potential partners. Although negoti- sja. This conjunction of financial, domestic politi-
ations with European partners proved difficult, thecal, and foreign policy imperatives resulted in a
United States was able to maintain operational).S.-Russian agreement to cooperate in a broad
control and to use international contributions agange of station design, construction, and supply
supplementary enhancements for two reasons: }ktivities.
no partner country or organization had the re- Ruyssia’s inclusion in the space station program
sources to mount an independent station progrararallels the internationalization of the EOS pro-
and 2) U.S. partners had different priorities for hugram. Both projects originally envisioned coop-
man space flight. eration of a mostly value-added nature, but
For example, ESA initially planned to use theeyolved into deeply collaborative enterprises. In
space station as an adjunct to its plans for achieyhe case of the station, Russia’s inclusion as a criti-
ing an autonomous human space flight capabilityal-path partner was motivated originally by both
in low Earth orbit. Its original plan therefore financiaB2and foreign policy considerations. The
called for free-flying elements (such as Hermegrocess was similar, however: contrary to its orig-
and the MTFF) that could dock with the station Oflnal intentionsl well into each project' NASA

operate independently of it. This fit well with “hacked into” highly interdependent foreign col-
NASAs desire for “enhancing” contributions. |ghorations.

From the beginning of their involvement with the The EOS and space station experiences demon-
program, the Japanese have seen the JEM (Japdrate the complexity and difficulty of planning
nese Experimental Module) as a chance to devejpng-term collaborations on a large scale. In both

op technologies for human space flight. Canada‘gases, the original U.S. goals for international col-
contribution (robotics for station assembly and

80National Aeronautics and Space AdministratiB®S Reference Handbo@kashington, DC: 1993), p. 12.

81"[T]he U.S. position was that the United States would develop a fully capable space station on its own, but that potential partners were
welcome to suggest enhancements to that core station which would increase its capability.” Logsdon, “Together in Orbit,” see footnote 66,
p. 137.

82The General Accounting Office has since reported that Russian participation will provide no significant cost savings to the United States.
See U.S. General Accounting Offi@pace Station: Update on the Expanded Russian B8IB/NSIAD-94-248 (Washington, DC: U.S. Gov-
ernment Printing Office, July 1994).
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laboration changed, as a result in large measure afjo. NASA's future plans for astronomy and plan-
financial pressures and project downsizings. Givetary exploration also include significant inter-
en the benefit of hindsight, NASA might have national components. The agency is already
saved time and money, increased program tecldiscussing joint work with Russia and/or ESA for
nical sophistication, and avoided tensions withmissions to the Moon and Mars, as well as proj-
partners if it had planned more integrated collaboects to study the opposite ends of the solar system:
rations from the beginning. This may very wellthe Sun and Pluto.
have been possible in the EOS program. Rather If collaboration is to be effective in these future
than undertaking a very large $17 billion U.S.cooperative activities, the United States must first
project, NASA might have planned a more coordi-decide on its goals for space. If leadership contin-
nated, international effort with a much smallerues to be a paramount goal of U.S. space activities,
U.S. contributiorP3 this will complicate future, more integrated col-
However, it is doubtful that the United Stateslaborative efforts because:
could have pursued a similar course in planning , _ ,
the space station. In the early 1980s, the goals arid'N© SPace agency, including NASA, has the fi-
financial and technical capabilities of partner nancial resources to maintain the type of world
space agencies in Europe and Japan would have '€adership that the United States established in
made a mutually interdependent collaboration h€ past o _
less likely. Also, collaboration with the then So-" 1he goal of maintaining U.S. leadership
viet Union was completely out of the question. Al- through _coIIaboratlon creates fundamental ten-
though downsizing did play a large role in forcing  SIONS With partners who have developed so-
NASA to alter the character of its space station Phisticated autonomous capabilities and are
collaboration, the political changes that made Pursuing independence in some areas of space-

cooperation with Russia possible were sudden and "¢latéd science. These partners are unlikely to
unexpected. accept future collaborations on past U.S. terms.

= The experience of the space station and EOS
demonstrates that maintaining U.S. control

[J Future of Space Collaboration e -
i o ] over critical mission components has proved an
There is a consensus—inside and outside NASA elusive and perhaps unattainable goal in very

—that reduced budgets will necessitate expanded large projects.

international collaboration on future large sciencg, The goal of U.S. leadership in space can be am-

projects in space. With the end of the Cold War, biguous and in some cases contradictory.
and the lessening of competitive pressures vis-a-

vis the former Soviet space program, there will Moreover, as one space policy analyst notes,
also be new opportunities to collaborate on dhe end of the Cold War may devalue the tradition-
broad range of space-related science activitiesl goal of leadership. In this scenario, “[T]he fu-
NASA's two largest current projects—EOS andture scope, pace and vitality of the USAS
the space station—already demonstrate levels @fpproach to space cooperation would depend on
interdependence with both Western partners andther, less political interests—principally, eco-
Russia that would have been impossible a decad®mic, technological and scientific in natufé.”

83 A smaller EOS with greater international collaboration planned from the beginning may also have become a different program than the
present EOS. Participants in an OTA workshop on EOS noted that had the project “initially been designed as an $8 billion program, it likely
would be different than today’s EOS.” See U.S. Congress, Office of Technology Asse&oimitChange Research and NASA's Earth Ob-
serving SystenQTA-BP-ISC-122 (Washington, DC: U.S. Government Printing Office, November 1993), p. 31.

84pedersen, “Thoughts on International Space Cooperation,” see footnote 62, p. 212.



86 | International Partnerships in Large Science Projects

Frialg gl o n i U L EE L

_ Exparimerd Hally

Aerial overview of the Advanced Photon Source facility under construction.

Instability and uncertainty in funding for U.S. tude in choosing projects and collaborative oppor-
space projects may also continue to complicatdunities.
space collaboration efforts. Although the United
States has thus far avoided direct harm from thddEUTRON SOURCES AND
ISPM cancellation, project downsizings, and theSYNCHROTRONS

annual certainties of the budget process, contindver the past several decades, the use of neutron
ued lack of confidence among U.S. partners coultyng synchrotron beams has led to fundamental ad-
impede future collaborative opportunities--espe-vances in understanding the properties of matter.
cially those in which the United States would takeThese tools have opened new areas of research and
a leading role. Likewise, new instabilities and un-application in materials science, structural biolo-
certainties in funding for foreign space agenciesyy polymer chemistry, and solid-state physics.
pose challenges for U.S. collaboration with its Neutron sources and”synchrotrons are large sci-
traditionalpartners. _ _ ~ence facilities that essentially serve as platforms
Nevertheless, the United States still dominatesor small science. They could be regarded as infra-
many areas of space research and has space Hgructure investments for several fields of science

sources matched by no other single country. Thisind technology. Thus, having access to state-of-
will continue to give the United States wider lati-
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the-art neutron-scattering and x-ray synchrdtfon [] Neutron Sources
facilities could have long-term competitive im- History

pl|cat|ons. For this reason, many 'ndUStr'al NA-rne use of neutron structural probes has provided
tions have supported their own independen

iy ; {he technical foundation for the successful devel-
facilities. Although the cost and complexity of

. . opment of many different types of polymers (plas-
neutron and synchrotron installations have esc P y yp poly (b

Qics), novel alloys, ceramics, liquid crystals
lated with advances in the underlying science, in ) yS, 19 y '

¢ tional tion has b imited pri .IJoharmaceuticaIs, catalysts, and magnetic materi-
terr_laf|onatc_:ooper:a lon asd e_ept|m|e pr'matr'lals. For example, the introduction of magnetic re-
O Information sharing and joint experimenta cording heads in electronic equipment directly

tof | int tional faciliti Roenefited from the understanding provided by
mel\r|1 Ot arge mtterr_la |onad aciiiies. tteri neutron-scattering studies. The widespread
eutron scatlering and Xx-ray Scallering arg...,qyction and use of plastic materials has also

c?m%letmentarr)]/ te;:chﬂlqtues thaé ha\t/e tzjeekr)] ustet?][)%en greatly facilitated by the use of neutron scat-
etumtae TUC ot wha twetun terg ?n Xa out ?ering. Properties such as flexibility, hardness, and
structure ot many important materiais. A-rays -y e ar resistance are determined principally by the
teract strongly with matter and thus can prowdgNay in which long polymer chain molecules are

significant information about the surface and bu”ﬁ)acked together. Developing plastics that have a
properties of a given material. Due to their electri- reater range of properties and improved perfor-

cal neutrality, neutror_ls can penet_rate deeply int ance depends directly on the structural analysis
compounds to provide information about thethat neutron probing provides. In addition, neu-

structural and _nucl_ear properties Of. m"’lat's‘r""llstron physics has provided the means to analyze re-
Neutrons can pinpoint the location of light atoms,

. ... sidual stress and to identify defects in metals,
such as hydrogen and carbon, which are d'ﬁ'CUIEeramics and advanced composfteit. has al-
to locate with x-rays. The identification of such ’ ‘

. ) . . ) lowed us to better understand the structure of vi-
!'ght atoms Is partlcular_ly |mportan_t in cor_nplet_— ruses, as well as to profile surface impurities and
ing the structural blueprint of organic and bIOIOg."irregularities in semiconductors—materials that
cal tsubstancss. Wr:en dutsedt Zt tlr?wd €Ner9€3erve as the basis of virtually all electronic and
heutrons can be employedto study the dyhamic omputational products. Because neutron probing
vibrational characteristics of matter. The use o

rovides information on how atoms vibrate, great-
both neutron and x-ray beams has allowed re

. .-~ “erunderstanding of the dynamic behavior of mate-
searchers to develop extraordinary precision i

understanding the basic behavior of both natu
and synthetic substancés.

"Yials has also been achieved. For these and other
ralJeasons, neutron scattering will continue to be an

85Charged particles orbiting at a fixed rate through a magnetic field emit a form of electromagnetic radiation known as synchrotron radi-
ation. Synchrotron sources are circular accelerators that can be tuned to emit radiation with a broad range of frequencies including soft and hard
X-rays.

86see OECD Megascience Foruynchrotron Radiation Sources and Neutron Be@ass, France: Organization for Economic Coop-
eration and Development, summer 1994).

87Neutron radiography is used for quality control of aerospace and energy production components and to test weld seams on pipelines,
ships, and offshore drilling platforms.
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important technique for understanding both maneally mature than spallation sources, a 1993 DOE
made and biological substané8s. scientific panel recommended that a new reactor,
Neutron beams can be produced in two differthe Advanced Neutron Source (ANS), be con-
ent ways: from reactors in which neutrons are bystructed to meet the growing needs of U.S. re-
products of nuclear fission, or from spallationsearchers and indusfy.
sources in which neutrons are generated by accel- The ANS design provides for neutron fluxes at
erating high-energy protons into heavy-metal tarieast five times higher than those of the newly up-
gets. To some degree, reactors and spallatiograded Institute Laue-Langevin (ILL) neutron fa-
sources have overlapping capabilities, but eachility in Europe. This ANS capability would be
has different attributes. Reactors produce high inparticularly important for studying small samples
tegrated fluxes of neutrons across a broad spege.g., biological crystals or material fragments) or
trum of energies, but particularly at low ene¥8y, where short exposure times are necessary. Howev-
whereas spallation sources can more readily preer, the proposed 1996 federal budget calls for dis-
vide pulsed high-energy neutrons. Reactors, howeontinuation of the ANS project, principally
ever, can also be used to produce a variety dfecause of its high cost (approximately $2.9 bil-
isotopes for medical applicatidi¥sand for mate-  lion).93 A secondary factor in the Clinton Admin-

rials radiation studies. istration decision to terminate the ANS program
was that the use of enriched uranium in the ANS
Implications for the Future reactor came into conflict with U.S. nuclear non-

The fact that the highest neutron flux reactors irproliferation policy. Although engineers had rede-
the United States (at Oak Ridge and Brookhavegigned the reactor to use lower levels of enriched
National Laboratories) are both 30 years Bid, uranium, even these levels were not sufficiently
and that Europe and Japan have invested heavilgw to completely resolve the underlying policy
in neutron facilities in recent years, have raisegroblem.

concerns that U.S. capabilities in neutron science In recognition of the potential contributions
may be lagging behind other nations. Because thhat an advanced neutron-scattering capability
most important breakthroughs in neutron researcbould provide to a broad range of scientific disci-
have depended on the availability of high neutromlines, technological applications, and industries,
fluxes and nuclear reactors are more technologDOE has proposed to undertake a conceptual de-

88|n the past two decades four Nobel prizes have been awarded for work relating to neutron scattering. In addition, a host of other prestigious
awards in condensed matter physics and chemistry have been given to researchers that have used neutron probes as an essential part of their
work.

89Neutrons are often slowed down to produce low energy or so called “cold” neutrons. Cold neutron research is a rapidly developing area of
inquiry that could lead to major commercial applications for new classes of polymers. The importance of cold neutrons is due to interatomic and
intermolecular structure and dynamics. See U.S. Department of Energy, Office of Energy Research, “Neutron Sources for America’s Future,”
Report of the Basic Energy Sciences Advisory Committee Panel on Neutron Sources, January 1993.

90while some types of radioisotopes can be produced by proton accelerators, the radioisotopes used for many essential medical and techno-
logical applications are primarily produced by reactors. For example, the element californium is increasingly used in cancer therapy. Ibid.

91The High Flux Beam Reactor run by Brookhaven National Laboratory and the High Flux Isotope Reactor at Oak Ridge National Labora-
tory were built in 1965 and 1966 respectively, and are nearing the end of their useful lives. A smaller, lower power reactor was built by the
National Institute of Standards in 1969, and is expected to have a somewhat longer lifetime than the two DOE reactors.

92y.S. Department of Energy, see footnote 89.

93The ANS was deleted from the 1996 budget request after a decade of planning costing about $100 nBllidgeSefthe United States
Government, Fiscal Year 199®/ashington, DC: U.S. Government Printing Office, 1995), appendix, p. 435.
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sign study of a 1-MW pulsed spallation source as If Congress concurs with the Clinton Adminis-
a replacement for the AN®. Although such a tration decision to terminate the ANS program
spallation source would offer some technical adand if existing facilities are not upgrad€,u.sS.
vantages over the ANS (e.g., a higheakneu- researchers could well be compelled to rely on ac-
tron flux, which allows more complex physical cess to foreign facilities while a spallation source
phenomena to be investigated), it would be inferiis being constructed. The ANS was not conceived
or in other respects (e.g., a lowane-averaged as an international project. Since other countries
flux, which is key for small-sample analysis andhave made substantial investments in developing
reduced cold-neutron capabiliti€®).The pro- their own neutron-source capabilities, it is not
posed spallation source would not produce translear whether the ANS project could have become
uranic waste or hazardous fission prodd€ts. a multinational collaborative endeavor. Although
However, without the ANS, DOE might find it U.S. scientists and industry would have been the
necessary to build a dedicated reactor to meet th@imary beneficiaries of ANS, there most likely
growing radioisotope needs of the U.S. medicalvould have been many users from overseas.
community and other industries. Although some Assuming the ANS is not built, the United
preliminary estimates have placed the cost of &tates could still maintain critical capabilities in
1-MW spallation source at around $500 million,the field of neutron scattering by exploring the
the technical uncertainti®sassociated with this possibility of joining the European ILL facility,
technology led the 1993 DOE scientific panel onfor example. The United States could also estab-
neutron sources to conclude that the cost “will indish its own beam line and contribute to the devel-
crease considerably with more refined esti-opment of new instrumentation at 1102 This
mates.?8 Some observers believe that the costsvould be analogous to the proposed U.S. con-
will be in the $1-billion rang&® A 1-MW spalla-  tribution to the Large Hadron Collider project at
tion facility would surpass the neutron intensity of CERN. It could be done at a fraction of the cost of
the world’s most powerful existing spallation the ANS but would not substitute for the capabili-
source (the ISIS source in the United Kingdom)ties that the ANS would have provided. In addi-
by roughly a factor of six90

9450me in the neutron scattering community have called for the construction of a 5-MW spallation source, but this would be a much more
challenging and expensive undertaking.

9t s estimated that the time averaged flux of a 1-MW spallation source would be roughly 100 times lower than that of the ANS. For cold
neutron research in the areas of polymers, complex fluids, biomolecules, and magnetic materials, “the ANS would be decidedly superior
compared to a 1-MW spallation source.” To match the ANS flux, a 5-MW spallation source would be required, and would involve considerable
technical uncertainty. U.S. Department of Energy, see footnote 89.

9The proposed spallation source would use a tungsten target that would produce low-level radioactive byproducts. However, if uranium is
used as the target material, there would be more serious radioactive byproducts.

97The central technical challenge of spallation sources is cooling the target. Existing spallation sources are quite limited in the amount of
heat that they can dissipate, and this problem is compounded as the power is increased.

98 S. Department of Energy, see footnote 89.
99Colin West, Oak Ridge National Laboratory, personal communication, February 1995.
100see footnote 89.

101The Brookhaven neutron reactor, for example, could be upgraded for approximately $200 million. See “The Looming Neutron Gap,”
Scienceyol. 267, Feb. 17, 1995.

10Zpeveloping new approaches and techniques for neutron instrumentation is a vital component of neutron scattering science. Upgrading
of instrumentation at the European ILL facility has established ILL as the premier neutron center in the world. Organization for Economic Coop-
eration and Development, see footnote 86.
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tion, the United States could also consider joiningppment of a spallation facility, greater interaction
the ISIS spallation facility in the United King- between U.S. and European scientists and engi-
dom, which is capable of having its availableneers could perhaps lead to innovative approaches
beam time doubled with some modest additionalo spallation source design and construction. At
investment ($60 million}?3 the most recent Organization for Economic Coop-

Historically, use of both neutron and synchro-eration and Development Megascience Forum on
tron facilities around the world has been based oneutron sources, several participants emphasized
the policy of open access to foreign scientists. Inthat investments should be directed to state-of-
deed, many advances in neutron scattering, partithe-art multinational facilities that have high-flux
ularly in instrumentation, have been broughtcapabilities, not to smaller national faciliti.
about by multinational research teams. However,

with increasing budget pressures on virtually allSynchrotron Facilities: A Bright Future
national science programs, this policy of open acone of the most important and powerful tools
cess is now being reviewed by various facili-available to scientific researchers in a broad num-
ties 104 ber of disciplines is x-rays. X-ray beams gener-
Since many facilities in different countries of- ated from synchrotron sources have provided the
fer complementary approaches to neutron-scattemeans to study a wide array of physical and bio-
ing and synchrotron radiation research, there is a@dgical phenomena. An understanding of the
opportunity for improving international coopera- underlying molecular structure of DNA (dioxy-
tion by having a more substantive global planningibonucleic acid), RNA (ribonucleic acid), and vi-
and coordination process among nations. This aguses has come principally from x-ray research.
proach could facilitate more effective utilization X-ray studies of ceramics, semiconductors, and
of existing facilities. Paradoxically, there is a greaiother materials have directly aided the develop-
demand for access to neutron and synchrotron fanent of a host of commercially important technol-
cilities, but most facilities operate for limited time ogies!07 Because of their utility to a variety of
periods because of funding constraints. There is gientific fields and industries, the number of syn-
need for greater international coordination in botrehrotron radiation sources operating throughout
the use of existing neutron facilities and thethe world has grown rapidly. There are about 40
construction of new facilities. In particular, the partially or fully operational synchrotron facilities
European Union is now in the early stages of planworldwide, with nearly the same number either in

ning a 5-MW spallation souré@> With the  the design stage or under construcéifThe ex-
United States apparently also pursuing the devel-

103The Looming Neutron Gap,” see footnote 101.

104ror example, the ILL neutron facility in Europe has established new guidelines that partially restrict facility access to researchers who
come from nonmember countries.

105The 5-MW European Spallation Source and the ANS were viewed by many neutron scientists as complementary programs. There was an
expectation among some that researchers from Europe and the United States would have reciprocal access to these facilities. If Europe builds a
5-MW source and the U.S. proceeds with a 1-MW source, then in the eyes of many, Europe would have the leading international neutron facility.

1060ther observers, however, pointed out that smaller facilities, particularly at the university level, have been responsible for some impor-
tant advances in neutron scattering instrumentation. OECD Megascience Forum, Knoxville, TN, unpublished proceedings, Nov. 3-4, 1994.

107Another potentially important application of synchrotron radiation is x-ray lithography. The use of x-rays might offer the most viable
means of improving the performance of microelectronic devices. As dimensions of these electronic chips shrink, visible light and ultraviolet
light can no longer be used. Several companies including IBM, AT&T, and Motorola, as well as a number of Japanese and European companies,
are developing x-ray lithography for chip manufacture.

10&rganization for Economic Cooperation and Development, see footnote 86.
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schools, and national laboratories will exploit the
capabilities of these machines.

At the APS at the Argonne National Laborato-
ry, researchers will explore the following areas:
structural biology, medical imaging, biophysics,
chemical science, materials science, structural
crystallography, time-resolved studies, basic en-
ergy science, tomography, topography, real-time
studies, time-resolved scattering and spectrosco-
« ""EN  py, and geoscience. Collaborative teams from in-
dustry, national laboratories, and academia have
been formed to explore new pharmaceutical prod-
ucts and polymer manufacturing techniques, as
well as underlying processes associated with the
formation of proteins The APS will be com-
pansion of synchrotrons light source capacity hagleted in 1996 at a cost of about $800 million, very
been driven by a strong demand for x-ray beantlose to the original estimatéThe ESRF and
time and by the desire to develop more intens¢he SPring-8 have comparable construction and
sources to investigate a larger and more complegievelopment costs.
domain of problems. Apart from the ESRF, which is a multinational

Three new major synchrotrons facilities—the effort of 12 European nations, there have not been
European Synchrotrons Radiation Facilityany large international collaborative efforts in the
(ESRF), the U.S. Advanced Photon Sourcelanning and construction of new synchrotrons fa-
(APS), and the Japanese Super Photon Ring-8ilities. However, a cooperative exchange agree-
(SPring-8)--will offer extremely intense x-ray ment has been established among ESRF, APS,
beams that will allow researchers to study smalleand SPring-8 to address common problems of
samples, more complicated systems, and fasteinstrument development. These superbright light
processes and reactions, as well as acquire data siurces require sophisticated optical components,
unprecedented rates and levels of detail. *10 Reextremely tight mechanical tolerances, and novel
searchers from industry, universities, medicatletector systents.The technical expertise for
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A closeup of asynchrotron insertion device called an
undulator that generates super-intense x-ray beams.

“As an example of the demand for x-ray beamtime, the National Synchrotron Light Source at Brookhaven National Laboratory is used on
an annual basis by more than 2,000 scientists representing 350 institutions, including researchers from more than 50 corporations.

llOEach of these so-called "third-generation” synchrotron facilities will complement each other by providing a different range of synchro-
tron radiation frequencies and intensities. They each rely on “insertion devices” to produce x-rays of unprecedented brilliance. Insertion de-
vices consist of alternating magnetic fields along the straight sections of the synchrotron ring. These alternating magnetic fields cause charged
particles (electrons or positrons) to deviate in their trajectory giving off x-rays in the process. Insertion devices allow synchrotron radiation to be
tuned over abroad spectrum of wavelengths from the inftardthrd x-rays.

111"Switching On a Brilliant Light," Science, vol. 267, Mar, 21, 1995, pp.. 1904-1906.
I2The $800 million figure is a total project cost, which includes related R&D as well sd construction costs. Another synchrotron facility

recently completed in the United States is the Advanced Light Source (ALS) at the Lawrence Berkeley National Laboratory. The ALS is a lower
energy light source that provides the world’s brightest light in the ultraviolet and soft x-ray regions of the light spectrum. The ALS complements
the hard x-ray capability of the APS. It is being used for basic materials science studies, the fabrication of microstructures, and structural
biology.

1130rganization for Economic Cooperation and Development, see footnote 86.
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these areas is found in many different countrieproducts—there has been a strong imperative for
and many advances in x-ray instrumentation havthe United States and other countries to build na-
resulted from multilateral collaboration. The tional facilities. Having multiple facilities ensures
coordination agreement among the three new sythat demands for beam time can be met and, per-
chrotron facilities will no doubt enhance the net-haps more importantly, provides a means for com-
works of cooperation that have developed inpetition and thus greater innovation. However, as
recent years. the technology advances and the costs of
Like neutron sources, synchrotron light constructing new facilities increase, greater atten-
sources essentially serve as vehicles for small sdiion is likely to be paid to the possibility of build-
ence. Because of the wide range of uses for syiing international facilities.
chrotron radiation—in particular, its role in the
development of new materials, processes, and
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and Challenges
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revious chapters of this study have analyzed U.S. science

goals in an international context and examined U.S. col-

laboration in several scientific disciplines. Although expe-

rience has demonstrated that collaboration offers distinct
advantages, it can also have drawbacks. The decision about
whether to collaborate depends on an assessment of the relative
benefits and disadvantages of a particular undertaking. The pres-
ent chapter identifies the main benefits from, and impediments to,
collaboration. It offers policymakers a framework for analyzing
the appropriateness of future collaborative opportunities.

BENEFITS OF COLLABORATION

Increased U.S. participation in international collaborative re-
search and development (R&D) ventures could offer a variety of
economic, technical, political, and institutional benefits. Al-
though these benefits may not be realizable in every case, collabo-
ration does offer a range of potential opportunities that may
justify U.S. participation in future multilateral science efforts.
These opportunities include:

reducing net U.S. costs,

enhancing scientific capabilities,

enhancing the stability of science goals and funding,
supporting U.S. foreign policy, and

addressing global science and technology issues.

These different categories are analyzed below.

[1Reducing Net U.S. Costs

In government agencies and among science policy officials, sav-
ing money is consistently cited as a principal motive for undertak- |93



94| International Partnerships in Large Science Projects

ing international collaboration in large sciencetries may not be as great as expected, because par-
projects. Two financial trends have made internaticipation in international ventures still requires
tional collaboration more attractive to both scien-that investments be made in national programs.
tists and policymakers. First, the cost of bigWithout such investments, it may not be possible
science has risen sharply, making it increasinglyor individual countries to fully benefit from the
difficult for individual countries to undertake such advances coming from international projetts.
projects alone. In the United States, megaprojects In addition to lowering project costs for indi-
account for about 10 percent of the federal (devidual countries, international partnerships on
fense and nondefense) R&D budget. large science projects may also maximize the ef-
Second, aggregate demands on national sciectiveness of each dollar spent on research. By
ence and technology (S&T) budgets have alsgooperating in big science endeavors, countries
grown dramatically, outpacing government ap-can coordinate construction and optimize the uti-
propriations for basic science research. This halization of large, capital-intensive, special-pur-
been the result of increases in the amount of R&[Pose facilities. By avoiding duplication of these
being conducted and in the cost of the projectsajor facilities, nations can also free funds for
(large or small) themselves. For example, sincether research or for nonscience uses.
1958, the average expenditures per U.S. scientific International collaboration also provides a
investigator, expressed in constant dollars, haveeans by which countries can share the financial
tripled 2 The ability of governments to meet theseand technical risks of R&D projects. This is par-
demands is being limited by the growing budgeticularly important in big science projects, where
pressures of the 1990s. These factors hauhe risks are often quite high. For example, the
prompted policymakers to search for alternativepossibility of catastrophic failure of a space
less expensive means of achieving S&T goaldaunch vehicle or its payload brings high levels of
particularly in large, high-cost projects. risk to space-related science. And although the
One way to reduce the cost of achieving nationelaims of the National Aeronautics and Space Ad-
al science goals may be to undertake big scienaministration (NASA) that Russian participation in
on an internationally collaborative basis. Al-the space station will save the United States
though the international framework may raise toimoney have been discounted by General Account-
tal project costs, it is designed to lowertie¢écost  ing Office analysid,it does appear that the addi-
to each country by distributing project tasks andion of Russian equipment and the Russians’
expenses among a group of partners or by poolingpnsiderable expertise in long-duration human
international resources in a single project. In somepace flight will reduce the immense technical and
cases, however, cost savings for individual coun-

IThese figures are based on a selection of large projects tracked by the Congressional Research Service. See Genevidegod. Knezo,
Science and Technology Programs: Megaprojects and Presidential Initjdtreaesls Through FY 1996RS Report for Congress (Washing-
ton, DC: Congressional Research Service, Mar. 27, 1995).

2Increased R&D spending can be attributed to a growing number of qualified scientists (relative to the general population) able to perform
research, pressure on individual investigators to produce more research, and the increasing complexity of equipment and facilities. See U.S.
Congress, Office of Technology Assessméwrtierally Funded Research: Decisions for a Dec&@iBA-SET-490 (Washington, DC: U.S.
Government Printing Office, 1991), p. 199.

3|tis important to note, however, that there have been no studies quantifying the net cost savings to individual countries from international
collaboration or the value added by international collaboration of scientists. Moreover, as will be discussed below, international partnerships
may increaséotal project costs.

4See U. S. General Accounting Offi@pace Station: Update on the Impact of the Expanded RussiafWRsleington, DC: U.S. Govern-
ment Printing Office, July 1994).
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financial risks inherent in the U.S. program. Ac-example, although NASA plans originally called
cording to NASA's space station business managor the United States to finance and build the core
er, the addition of Russian hardware has “reducespace station, agency executives also sought in-
risk in many areas of the prograf.” ternational collaboration from the beginning of
The financial savings offered by internationalthe project, in part, to meet anticipated congres-
collaboration enable countries to maintain thesional requirements that some costs be shared
breadth of their national programs. For examplewith international partners. Planners of the Super-
given NASA's substantial budget resources, theonducting Super Collider (SSC) designed an ex-
agency could, on its own, completely fund virtual-clusively national project. However, when cost
ly any single one of the large international spac®verruns multiplied, the project was heavily criti-
research projects if they were carried out sequertized in Congress for failing to attract internation-
tially. However, doing so would severely limit the al support. Efforts to obtain foreign support failed
number of projects in which NASA is involved in large part because they were undertaken too
and would restrict the scope of U.S. scientific actidate8 In another case, Congress refused an initial
vities in space. By pursuing at least some projectlational Science Foundation (NSF) proposal to
collaboratively, NASA officials note that the fully fund the $176 million Gemini project to
agency has been able to spread its budget overbaild two new eight-meter telescopes. Instead,
greater number of projects simultaneously, there€ongress authorized only half of the amount re-
by diversifying its activities and increasing the netquested and instructed NSF to internationalize the
scientific yield of its budget. This has also enablegroject and obtain the remaining funding from the
NASA to keep several research disciplines alivgartners. In this way, NSF successfully interna-
during times of budget stringency. For exampletionalized the venture from the beginning and the
neither Cassini-Huygens (a mission of NASA andoroject is now proceeding on schedule. (See box
the European Space Agency (ESA) to Saturn) not-1.)
Topex-Poseidon (a U.S.-French oceanographic
research satellite program) would have been pos-] Enhancing Scientific Capabilities
sible without internatiqnal participation._ N_ASA Despite the importance of reducing net costs, the
alone could not have financed these_ MISSIoNs Shesire to save money generally does not by itself
multaneou_sly. Spacelab, the pressurized resea_‘r?ﬁ'otivate international collaboration. Another im-
module built for the space shuttle by ESA, has sigqrtant reason for pursuing international coopera-
plflcantly increased the shqttle’s research capagjye research is “to do the best science.” Whereas
ity. Given the severe funding pressures on thejicymakers may emphasize the financial advan-
shuttle program, NASA probably would have ygeg of partnerships, scientists and other advo-
been unable to fund Spacelab’s full developmentaies of increased international collaboration
cost. _ _ stress as their primary motive the immense techni-
Finally, some project managers voice the persa| advantages of working cooperatively. En-

ception that Congress prefers that large scienggyncement of scientific capabilities ranks near the
projects include international collaboration. For

5Jeffrey M. Lenorovitz, “So Much Hardware, So Many Natiodsjation Week & Space Technolpggl. 140, No. 14, Apr. 4, 1994, p. 43.

6For a discussion of these issues, see chapter 3. See also John M. Deutch, “A Supercollision of Tretehestsgy Revigwol. 95, No. 8,
November/December 1992, p. 66; and Bob Johnstone, “Superpowers CBlidEAstern Economic Reviewol. 155, No. 3, Jan. 23, 1992,
p. 66.
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BOX 4-1: Seeing the Stars: The Gemini Project

Ground-based telescopes are essential components of astronomical research. Over the past 30
years, large ground-based opticalfinfrared telescopes have played a key role in advancing scientific
understanding of the cosmos. Further advances in the field of astronomy are expected with the
construction of a new generation of even larger telescopes, including the University of California/Cal-
tech twin 10-meter Keck telescopes, the European Southern Observatory's Very Large Telescope (VLT)
project, and the Gemini Project,

The Gemini Project is a U, S.-led international partnership to build, design, and operate two
8-meter telescopes. One of the telescopes will be based at Mauna Kea, Hawaii, and the other on Cerro
Pachon, in northern Chile, Initially, the project was envisioned as a purely U.S. effort. However, in 1991
Congress capped U.S. spending on the project at $88 million and directed that the U.S. contribution not
exceed 50 percent of the project’'s total cost. As a result, Gemini was internationalized.

The United Kingdom, Canada, Chile, Argentina, and Brazil are project partners Under the terms
of the partnership, outlined m the Gemini Agreement, the United States will provide half of the funding
for the $176 milion project, The United Kingdom will pay 25 percent of the project costs; Canada, 15
percent, and Chile, 5 percent. Argentina and Brazil will contiibute 25 percent each. Estimated annual

Association of Universities for Research
telescopes, AURA
tronomy  Observatories  facilities.

The Gemini telescopes are designed
complete coverage of hoth

the Hubble Space Telescope. Construction of

operating costs for both telescopes are $12 million, of which the United States will pay half.

The National Science Foundation acts as the executive agency for the partnership, and the
in  Astronomy
sa consorium of 20 universities, which also manages 3 major National Optical As-

to operate
the Northern and Southern Hemispheres,
the Hawaii
light” expected in 1998. The second telescope will be constructed by 2000.

(AURA), Inc. manages the construction of the

in the optical and infrared
with  spatial
telescope began in October

ranges and provide
resolution better than
1994, with “first

top of NASA’s policies governing international
collaboration, "and is an integral part of U.S.
cooperative research programs in fusion.

In an idea international project, researchers
take advantage of each country’s strengths to en-
sure that the project is on the cutting-edge of sci-
ence, employs the very latest in technologies, and
incorporates the broadest range of technical capa-
bilities. Science policy analysts contend that the
international situation has changed and that the
United States is no longer dominant in many
fields of science and technology. In this context,
collaboration is often necessary to keep U.S. sci-

entists abreast of cutting-edge work being con-
ducted abroad. In some fields, U.S. scientists may
remain at the cutting-edge only by conducting re-
search internationally. As one observer has noted:
“We need to collaborate if we are to compete, par-
adoxical as it may sound.”®

In addition, the diversity of individuals and re-
search styles encompassed by collaborative ven-
tures may stimulate creativity and facilitate
discovery. As noted by a Fusion Policy Advisory
Committee report, in international collaborative
work “the synergistic effects of sharing knowl-

"See discussion of NASA guidelines in chapter 3. See also National Security Council, “National Space policy,” National Space Policy Di-

rective 1, Nov. 2, 1989.
°Eugene B. Skolnikoff, personal communication, Apr. 18, 1995.
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BOX 4-1 Contd.

The project was initially troubled by a number of factors, which illustrate some of the challenges
of international collaboration. The most serious challenge was sustaining partner commitments. For ex-
ample, Canada reduced its initial funding commitment from 25 percent to 15 percent. Further uncertain-
ty over the Canadian budget caused delays in signing the agreement. Increased management com-
plexity has affected the project, too. Project managers reported that formulating an acceptable collabo-
rative agreement and standardizing different fiscal policies and accounting practices were difficult

tasks. For example, different dates for fiscal years complicate budgeting. In addition, foreign laborato-
ries employed accounting procedures that were inconsistent with U.S. government rules,
Disagreements also arose about the mirror technology. The astronomy community was divided

over whether the mirrors should be ultra-low expansion glass menisci or borosilicate honeycombs. The
borosilicate  honeycomb  mirror was developed by the University of Arizona’s Steward Observatory Mir-
ror Laboratory, as part of a 10-year, $24 million project, about 50 percent of which is publicly funded. In
1992, the decision was made to use the meniscus mirror, which will be made by Corning, Inc. The
Gemini  meniscus mirror is similar to those being produced by Corning for the Japanese Subaru tele-
scope and by Scott Glaswerke (a German firm) for the VLT. The Corning mirror was chosen for its lesser
cost and, because the same technology is being proven in these other large telescopes, lowering tech-
nical risk, Some astronomers voiced strong disagreement with the decision, based on technical
grounds, but these objections were laid to rest after the Preliminary Design Review.

Despite the project's financial, administrative, and technical challenges, Gemini is a good exam-
ple of the benefits of collaboration and how challenges can be overcome. In this project, partners are
collaborating to construct cutting-edge facilities that no single partner was willing to build on its own.
Even in the case of the United States—the project's largest contributor—the $88 million cap on spend-
ing would have been insufficient to build even one of the telescopes as a national facility. ' But as part of
the international collaboration, U.S. astronomers will have access to two 8-meter telescopes that will
help keep them competiive with European and Japanese investigators.

Economies of scale make it possible to build two telescopes for $176 million. Building just one telescope would cost $106 million

SOURCE: Leif J Robinson and Jack Murray, “The Gemini Project: Twins in Trouble?” Sky & Telescope, vol 85, No 5, May 1993, p

29; and National Science Foundation, personal communication, May 1995

edge and trained personnel” can be quite strong.’
By facilitating the use of the most advanced
technologies, promoting consideration of the full-
est range of technical ideas, and creating new re-
search dynamics, international projects can also
reduce the risks inherent in R&D projects.

In addition to the technical benefits that accrue
to the project as a whole, international collabora-
tion can benefit U.S. national R&D programs. By
participating in international partnerships, U.S.

scientists can widen their sphere of access to re
search data from projects in which they play only
a contributing role. By enhancing the capabilities
of U.S. science, international cooperative re-
search also attracts the brightest American and
foreign students to careers in scientific research in
the United States. Although many students
eventually return to their native countries to build
stronger (and competitive) research programs, the
continuing attraction of foreign researchers en-

°U.S. Department of Energy, Fusion Policy Advisory Committee, “Report of the Technical Panel on Magnetic Fusion of the Energy Re-
search Advisory Board, Final Report,” DOE 1S-0081, September 1990, p. 15.
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The ITER San Diego Joint Work Site operations host political
and scientific leaders in an unparalleled in international
collaborative effort.

International Partnerships in Large Science Projects

reductions and cancellations have resulted from a
variety of causes, including inadequate project
planning, unrealistically low initial cost estimates
by scientists and project managers, unforeseen
technical difficulties, severe budget pressures,
and changes in administration policies.

However, researchers also express strong dis-
satisfaction about what they perceive as uncertain
and shifting federal funding policies, as well as the
need to rejustify finding for ongoing projects
each year. This has been an especially difficult
problem for megaprojects, which require long-
term commitment to large outlays for capital and
operational costs. In conversations with the Office
of Technology Assessment (OTA), some U.S. sci-
entists working on large, long-term projects have
emphasized their desire to obtain-at best-full

multiyear government funding. Short of this, they
have asked that other mechanisms be sought to in-
trease the certainty of continuing U.S. govern-
ment support for science projects.
, - . Some scientists have suggested that placing
OEnhancing Stability of Science megascience projects in international collabora-
Goals and Funding tive contexts may provide the increased stability
From the standpoint of scientists and partner nadesired. Although this motivation is not often dis-
tions, one of the most serious problems for U.Scussed explicitly, U.S. scientists who support in-
science policy and research projects in recertteased international collaboration may be doing
years has been the uncertainty of long-term fundso at least partly because of their perception that
ing. All science projects-large and small, do-Congress would be less likely to reduce funding
mestic and international---compete for funds infor or cancel an international project than a purely
the annual congressional appropriations procesglomestic one. As noted in recent congressional
In the scientific community, this has produced un-testimony, “International projects offer many sig-
certainty about the stability of project funding and nificant advantages, among which are. . . candid-
the U.S. commitment to international collabora-ly . . . making it difficult to back out of a project
tion. In addition, several large projects have expeonce begun:* This view is fueled both by per-
rienced extensive mid-course revisions to meetceptions of congressional priorities and by experi-
reduced budget allocations (e.g., the space statiognce with past projects. Both scientists and
the Earth Observing System (EQS), and the fusiorscience policy analysts have voiced tie strong per-
research program). A few projects already undeception that Congress maybe reluctant to reduce
way have been canceled (e.g., the Internationabr discontinue funding for international projects if
Solar Polar Mission and the SSC). These fundingormal intergovernmental agreements have been

riches high-energy physics, fusion, and space
related science research in the United States.

“Statement of Normar Augustine, Chairmanand Chief Executive Officer, Martin Marietta Coiill Restructuring NASA Improve Its
Performance? hearing before the Subcommittee on Science, Technology and Space, Committee on CoHfiifiettétates Senate, Nov. 16,
1993, Serial No. 103-406, p. 13; and U.S.-CREST,CenterRiesearch and Education on Strategy and TechnolBgyiners in Space--Interna-
tional Cooperation in Space: Strategies fthe New Century (Arlington, VA: May 1993), p. 24.
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signed, because of the foreign policy implicationdribute to the decision to seek such a collabora-
of such modifications and impacts on other coltion.14
laborationst!

There is evidence that in some cases interng-] Supporting U.S. Foreign Policy

tional cooperation has been sought at least partiaks giscussed in chapter 3, the goals of U.S. for-
ly to bolster project stability. In an analysis of gign policy include enhancing national security,

NASAs motivations for seeking international yecreasing international tensions, strengthening
collaboration in the space station project, it wag, s gjliances and friendships, and increasing
noted that “NASA is hoping to use the ‘interna- cross_cultural understanding. U.S. cooperation
tional commitment’ aspect of the Space Station tQuith other countries in areas of mutual interest, in-

protect it from devastating domestic budgelg)yging scientific research, has long been an im-
cuts.™2 Although the commitments of EUrope portant tool in support of these foreign policy
and Japan did not protect the program from majogpactives. Joint scientific research pays divi-
downsizings in the late 1980s and early 1990s, thgengs not only in scientific discovery, but also in
recent addition of Russia may have saved thgyengthening bonds of friendship with our allies
space station from cancellation. Before Russiagnq establishing levels of trust with our rivals.
involvement, the U.S.-ESA-Japan project had s- Tpe United States has been most active in coop-
caped termination in the House of Representativegating with Canada, Western European allies, and
by only one vote in 1993. However, in 1994, afteryanan in a wide spectrum of scientific research.
Russia had been brought into the project—partlyrhese ties helped build and maintain allied rela-
in support of high-priority foreign policy objec- {jonships during the Cold War. Collaboration oc-

tives—the House approved funding for the stationy e in areas of both civilian and defense-related
by a much wider margin. Administration officials ogegrch.

and House members attributed this wider margin During this period, the United States conducted
of supportin part to the station's increased imporfimited cooperative efforts with the Soviet Union
tance for U.S. foreign policy go_a1§. _ in fields such as space exploration and fusion.
It should be noted that there is no evidence thaghs joint research helped decrease tensions and
amajor science project has been pursued on anificrease cross-cultural understanding during the
ternational collaborative basislelyto bolster its Cold War. In fact, analysts have contended that the
funding stability. However, the perception thatin-,jitical significance of the best known collabora-

clusion of an international component enhances gy, the Apollo-Soyuz Test Project, far exceeded
large science project’s political stability may con-

11For example, commenting on possible cuts in the requested congressional appropriation for the Gemini telescope project for fiscal year
1993, Professor Bob Bless of the University of Wisconsin noted: “NSF has assured us that they consider the project to be very important, and the
fact that it’s an international effort gives it a high visibility.” Jeffrey Mervis, “Gemini Telescope Project Shifts into High\aéang'vol. 357,
No. 6378, June 11, 1992, p. 430.

1230an Johnson-Freesghanging Patterns of International Cooperation in Spédalabar, FL: Orbit Book Co., 1990), p. 91.

13according to Representative Dick Zimmer, who sponsored a measure to terminate station funding, the cooperation agreement with Rus-
sia “created considerably more support for the program on the Democratic . . . [and] Republican side.” See Phil Kuntz and Jeffrey L. Katz,
“Space Station Bounces Back with Strong House V@eyigressional Quarterly Weekly Repaml. 52, No. 26, July 2, 1994, p. 1803.

140TA interviews with Japanese science officials indicated that such a perception does exist among scientists and policy planners in Japan.
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the scientific and technical dividends that it pro-Experimental Reactor (ITER). The ITER collabo-
duced. The symbolism of the two nations cooperration was launched by discussions between Pres-
ating in a space linkup was a graphic illustrationident Reagan and General Secretary Gorbachev at
of the policy of detente, perhaps more powerfuthe 1985 Geneva summit.
and important than the knowledge gained about Collaborative projects in support of science in
space rendezvous operatidfs. the former Soviet Union are also important from
Since the end of the Cold War, joint undertak-the standpoint of U.S. national security. By engag-
ings have continued to be important to the mainteing scientists and institutions formerly dedicated
nance of ties with longstanding U.S. allies.to military research in civilian projects with West-
Perhaps more significantly, however, the Unitedern partners, the United States may support de-
States has strengthened and expanded ties with fense conversion and prevent scientists from
former Eastern bloc rivals. These new collaboraselling their expertise to hostile countries. The
tions are important for establishing friendshipsUnited States has also used science collaboration
with former enemies and enhancing U.S. nationahs an incentive to former Soviet states to adhere to
security. For former Soviet nations such as Rusnonproliferation agreements. For example, the
sia, collaboration with U.S. scientists represents 8.S. invitation to Russia to participate in the space
way to sustain scientists, institutes, and researcstation was conditioned on Russia’s not violating
during a time of great economic stress, when prethe Missile Technology Control Regime by a pro-
viously lavish state support for the sciences has aposed sale of cryogenic rocket engines to India.
most dried up. Collaborative work between Finally, U.S. science policy has also included
Western and Eastern scientists also builds relaollaboration with and training of scientists from
tionships of good will among individuals, insti- developing countries, both during and after the
tutes, and governments. end of the Cold War. As an illustration, large U.S.
A longstanding example of this is the interna-facilities, such as the Fermi National Accelerator
tional fusion research program. Since the latéaboratory, have involved developing-country
1950s, U.S., European, and Soviet fusion rescientists in a variety of projects. More important-
searchers have been engaged in productive sciely; this scientific cooperation has reinforced U.S.
tific exchanges and cooperation under formaforeign aid and development policies. In areas
U.S.-Soviet agreements and under the auspices sfich as environmental monitoring, collaboration
the International Atomic Energy Agency. Sovietwith scientists from the developing world has
researchers developed the tokahfakonfine- been essential to gathering data on global ecosys-
ment concept and shared their successful resultsm behavior and establishing international poli-
with their peers in the United States and Europecies to address global environmental problems.
This information sharing quickly made the toka- ]
mak the leading magnetic confinement concept ifi] Addressing Global Issues
all national programd’ The Russian Federation The final motive for pursuing international part-
has succeeded the former Soviet Union as one okerships derives from the changing nature of the
four partners in the International Thermonucleaworld science agenda. In the past, the United

15)ohnson-Freese, see footnote 12, pp. 31-34; and U.S. Congress, Office of Technology Assetssneiunal Cooperation and Com-
petition in Civilian Space Activitie©TA-ISC-239 (Washington, DC: U.S. Government Printing Office, July 1985), p. 377.

16'Tokamak” is a Russian acronym for TOroidal’naia KAMera s AKsial’nym magnitnym polem  (toroidal chamber with axial magnetic
field).

17For a description, see U.S. Congress, Office of Technology AssesStagpawer: The U.S. and the International Quest for Fusion En-
ergy, OTA-E-338 (Washington, DC: U.S. Government Printing Office, October 1987), p. 163.
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States has focused most of its resources on non- There are additional deterrents to collabora-
collaborative national research programs, in parion. Although international cooperation may en-
because the research issues confronting U.S. sd¢iance a project’s scientific capabilities, it may
entists were national in scale or did not necessitatso transfer critical knowledge and skills to other
the collaboration of other countries. However, thenations, thus enabling them to compete more ef-
issues confronting U.S. scientists (in both largdectively with the United States in both science
and small projects) are becoming increasinghyand commerce. Moreover, although pursuing re-
global in nature. This is especially true in environ-search through international collaboration could
mental research, where scientists are embarkingrovide increased stability for large projects, this
on complex, long-term studies of the global ecoframework may also enforce an organizational
system in connection with challenges presentednd investigative rigidity that is harmful to overall
by possible global climate change and ozoneesearch goals.
depletion. Finally, although scientific cooperation can in
Although some U.S. environmental R&D will some cases support foreign policy, there is a risk
continue to require only a domestic perspectivethat international scientific collaborations driven
much new work will necessitate cooperation withby foreign policy goals might act to the detriment
many countries on land and sea, in the air, and iaf science. Politically motivated collaborations
space. In many cases, ecological interdependenceay be more likely to produce scientifically inap-
makes it impossible to study U.S. environmentapropriate or politically unstable projects. This has
problems in isolation from their global environ- been one of the strongest criticisms of Russian
mental context. The United States is taking a leadparticipation in the space station, where analysts
ing role in one of the most ambitious of theseand policymakers have noted that the risks posed
collaborations, the EOS, a multibillion dollar net- by that country’s political instability may out-
work of satellites to study Earth’s ecosystems. weigh the benefits gained from its considerable
technical expertis€® These potential downsides

CHALLENGES OF COLLABORATION are listed in table 4-1.

. . , - They represent only a patrtial list of the disin-
Despite the many potential benefits deriving fromqentives to international cooperation in scientific

collaborative research, there are also pmemie}esearch. Other factors that might preclude a na-
downsides associated with almost all of these %Bion from pursuing collaboration include:

portunities. Such disincentives to collaboration
can in some cases be quite serious. For example,the loss of national leadership, prestige, and
although collaboration may reduce the net cost of project control;

research to each participating nation, it may in= the need for reliable mechanisms to guarantee
crease total project costd.In many cases, this  long-term commitment to a project;

cost escalation may not be a significant issues the difficulty of distributing costs and benefits
However, in other circumstances, collaboration in an equitable manner;

may result in the promotion of projects so finan-= transfer of leading national technologies;

cially disadvantageous that they would not be un= sociocultural differences; and

dertaken by individual countries acting alone. = increased management complexity.

18However, just as there have been no studies documeatitggsfrom international collaboration, there is no research quantifying

creased costiom cooperative ventures. Moreover, analysts have suggested that an accurate accounting of possible additional costs would

have to discount for the value added by bringing together top scientists from different countries for work on the project.
19see, for example, Jeanne Ponessa, “Wariness Over Russia’sGuigressional QuarteriMay 7, 1994, p. 1114.
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TABLE 4-1: Opportunities and Potential Downsides to international Collaboration

Opportunity

Downside

Reduce net U.S. costs.

Enhance U.S. scientific capabilities,

Enhance stability of science goals and funding.
Maintain  U.S. science leadership.

Support  U.S. foreign policy.

Increase total project costs.

Enhance competitive capabilites of U.S. partners.
Increase rigidity of goals and funding.

Dilute U.S.
Distort or undermine science because of political goals.

scientific  leadership

SOURCE Office of Technology Assessment, 1995

[JLoss of National Leadership,

Prestige, and Project Control
In the words of one observer; “Very large facilities
are symbols of power. Consequently, individual
countries will only agree to cooperate in
constructing them if they have no other aterna-
tive.” ®Although this somewhat overstates the
point and discounts other reasons for collabora-
tive undertakings, large science projects are close-
ly related to feelings of national leadership and
prestige. While the desire to maintain U.S. scien-
tific leadership can motivate collaboration in
some cases, it is usually a much stronger disincen-
tive to cooperate with other nations in large sci-
ence ventures. The goal of establishing and
maintaining leadership in scientific R&D is deep-
ly embedded in the culture of U.S. science it is re-
inforced by the system of financial and
intellectual incentives that govern the activities of
U.S. scientists and research institutions. Among
the most important of these incentives are the cri-
teria for awarding research grants and academic
tenure, competitive salaries for top research scien-
tists, and review criteria for publications.”

This culture can act as an obstacle to intern-
ational collaboration. Since the highest rewards
(eg., the Nobel Prize) are generaly based on indi-
vidual achievement, many U.S. scientists prefer to
conduct research independently. They are often
very reluctant to participate in joint projects—

domestically as well as internationally-in which
rewards and recognition are shared. Even when
budgets are severely constricted and research
goas can be achieved at lower cost through in-
ternational collaboration, U.S. scientists have
sometimes pressed for strictly national research
programs. For example, U.S. scientists, supported
by NSF funds, are conducting gravitational wave
experiments through the Laser Interferometer
Gravitationa Wave Observatory, completely in-
dependent of parallel research efforts in Europe.
In addition, U.S. astronomers initially advocated
that the two Gemini telescopes be strictly national
projects. As noted above, foreign partners were
sought only when Congress denied funding for
strictly national telescopes and mandated intern-
ational collaboration. Many attribute termination
of the SSC—perhaps the most prominent failure
of a big science project—partly to physicists pur-
suing a strictly national project too long, despite
the financial advantages of building such an ex-
pensive project collaboratively. In this case, to re-
searchers, the competition for scientific discovery
outweighed the potential for saving public funds.
When U.S. scientists and institutions do partic-
ipate in collaborations, the “culture of nationa
leadership” may strongly influence the character
of these cooperative ventures. Then too, the desire
to maintain national leadership is often accompa-
nied by the desire to maintain project control.

“Francoise Praderie, project Head, OECD Megascience Forum, Megascience and Its Background (Paris, France: Organization for Eco-

nomic Cooperation and Development, 1993), p. 35.

“Although foreign scientists are governed by similar incentive systems that encourage individual achievement, they are subject to often
stronger countervailing incentives (e.g., limitations on nationa funding abilities) to collaborate with other scientists both at home and abroad.
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For example, NASA has been the U.S. agenciiiF il 7"

most actively involved in international collabora- IS SE— .
tion and has employed an explicit set of roles ((EETT——. S = s
T e A

govern its collaborative efforts. (See chapter 3 - P
box 3-3.) At the heart of NASA’s approach to col-
laboration is a preference for maintaining contro
over critical path§.This policy was designed to . -
ensure that the United States minimizes technic=_u1m.-
risk and maintains both leadership and projec —~%
control in its collaborative space effofféiow- NI N ——
ever, this approach has also meant that most UE‘?‘E
space partnerships have been compartmentaliz
value-added projects, rather than integrated co
labor.atlve WOI’k. . Mock-up of the CERN tunnel that will be the home of the

This approach has worked relatively well at age Hadron corider.
NASA, where the building of instruments for
scientific activities in space is conducive to com-
partmentalization and where the United Statego cooperate with the United States from a posi-
continues to enjoy a very strong lead in scientifiction of strength, as equal partners. In this, ESA
and technical capabilities, as well as higher levelsand CERN have been largely successful. They
of funding. However, it may not be easily applica- have stopped the “brain drain” of European scien-
ble to other scientific areas, where the research erists to the United States, and they have developed
terprise is more integrated and where other nationbigh-energy physics facilities, telescopes, and
have comparable scientific and technical capabili-space systems at least comparable and, in some
ties. cases, superior to those of the United States.

As their domestic science programs grow more Maintaining scientfic leadership and project
sophisticated and competitive, potential partnerscontrol may also conflict with a primary motive
in Western Europe and Japan are demanding morr undertaking international collaboration-sav-
substantive involvement in collaborative researchng money. As other countries contribute a greater
and a share of at least some leadership roles. Ishare of project funding, they will demand greater
fact, Europe’s two principal collaborative science control. Even when the United States funds the
organizations, the European Laboratory for Parbulk of a collaboration, partners are unlikely to
ticle Physics (CERN) and ESA, were establisheccede complete discretion in project management.
explicitly to bridge the technical gap that emergedWriting about the lessons learned from the space
between Europe and the United States in the posstation experience thus far, space policy analysts
World War Il era and to place Europe in a positionat NASA and the International Space University

“NASA policies on cricical-path technologies are discussed in chapter 3. Prior to Russian participation in the Space Station, the Canadian
robot arm for the space shuttle was the only exception to these policies. However, NASA maintained ultimate control overcritical pathways by
stipulating in the contract for the robot arm that the Canadiand provide full access to all production plans and materials should they not fulfill the
agreement.

23NASA has been able to establish collaborations under these guideline in part because the United States has usuallyprovided the bulk of
project funds.

24John Krige< "ESA and CERN as International Collaborative Science Organizations,” contractor report prepared for the Office of Technol-

ogy Asscsstnent, January 1995, p. 1.
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noted that although the space station partnersS] The Need for Reliable Mechanisms
agreed from the beginning that the United States Top Guarantee Long-Term
would be the senior partner, “there was consider- prpject Commitment

able discussion on the level of protection for they . ¢ he most often-cited impediments to future

minority partners in the preservation of Manageiiarnational collaborations has been the difficul-

25
ment roles. ty of guaranteeing long-term commitments on the

In con_tras(';, the ITER prorjlect c;)once{otual anSFart of all project partners. Countries are reluctant
engineering design phases have been true qua Sagreetoexpensive, long-duration research proj-

partite coIIaboraU_ons from the beginning. EaChects unless they are confident that their partners’
partner has contributed one-quarter of the cost

Tommitments are reliable. Once projects are under
and decisions have been reached through cons Pro)

o %éy, uncertain or changing commitments can
sus. The project is overseen by the ITER Counc'lcomplicate project planning, contracting, and

consisting of two representatives from each part udgeting. Questions about the commitment of a

En?'g%e”ng dlfs'q[.n ac|t|V|t|<;:s I?re b?;]n% hcook;d|- artner government can have a domino effect on
hated by a muitinational central leam that nas be&gyq, i qp partners, making it more difficult for

tasking the respective national fusion programs them to raise money and sustain political commit-

prowde:[ sEuppor;ufng R&?t?‘”ol' techgolf[)gy devfl' ent to the project at home. Lack of confidence in
opment. EXceptior a relalively modest amoun OEe reliability of partners also makes it difficult to

fTunds tijangf_ertre(:_ to tshupIpToI;thhe t‘.JO'n:] Centra stablish the mutual trust necessary to do the best
eam administration, the parties have mef ;e in the most efficient manner.

their commitments through in-kind contributions

moves into a construction phase to accommodaf

th t d ds of : d art on recollections of only a few cases in which
€ managemerrt demands of OVerseeing and Ghe ynited States has withdrawn from cooperative
recting a large ($8 billion to $10 billion) construc-

i act science projects. The cases usually cited by West-
'ORI prOJetzﬁ .I US | te a basi ern European and Japanese partners are the U.S.
_ Neverineless, U.s. goass can create a basic Cofjg sigjon to withdraw from the Solvent Refined

flict with collaboration. This conflict is related ~ - Hamonstration Plant-Il (SRC-II) and the So-

less to money than to scientific leadership. Tq, g project. SRC-Il was a joint project of the
structure successful partnerships, the Unlte‘ﬁnited States, Germany, and Japan to build a dem-

Stat_e S must provide adequate |nce_nt|ves for_ om.%rnstration plant to produce liquid fuels from coal.

parties to collaborate. Yet U.S. desires to maintaifs chapter 1, box 1-2.) The project, established

scientific leadership may undermine these effort h 1980 was te’rminated by joint decision in 1981

and provide a substantial disincentive to collaboo sojar Polar Project is described in box 1-3

ratlo? 'dAts OS?AEUI\?VT an hs ue;gcle Oﬁ'cgl Com'Although these two cases occurred more than a
gﬁggoratz with ’the U):ﬂtsedmétate,s 6}; ml;?]?;;]decade ago, they are remembered and are cited fre-

; uently by our European and Japanese partners to
[U.S.] leadership26 a y by p p p

25 ynn F.H. Cline and George Van Reeth, “Space Station—An International Venture,” prepared for the Workshop on International Space
Cooperation: Learning from the Past, Planning for the Future, November 1992, p. 5.

260TA Workshop on International Collaboration in Large Science Projects, Sept. 13, 1994.
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bolster claims that U.S. commitments are unence projects such as the SSC has contributed to
stable. uncertainty about the strength of funding for in-
An even more prominent issue among U.Sternational projects as wef,
partnersis the U.S. budget process, in which fund- The annual budget process does allow flexibil-
ing for all projects must be rejustified yearly. Inity in planning that European countries and Japan
virtually all of OTA's discussions with U.S. part- lack. Having made multiyear commitments to sci-
ners, foreign governments, and organizations, thence projects, these countries often find it difficult
annual uncertainty over U.S. appropriations waso revise or terminate inefficient or nonperforming
cited as among the most formidable challenges tprojects2® However, some partners see a contra-
prospective and ongoing collaboratigslt is  diction between U.S. claims of world scientific
important to note that differences in budget pro{eadership and its annual budget process.
cesses contribute to foreign perceptions that the In contrast to instabilities in the U.S. funding
U.S. process promotes instability. Our major partprocess, funding for science research in Europe—
ners have parliamentary systems in which théy country or in multilateral organizations—has
combination of legislative and executive author-generally been more stable. This increased stabil-
ity gives majority political parties greater power ity cannot be attributed to different statutory pro-
to control the agenda and implement policy. Forcedures, such as multiyear appropriations for
partners accustomed to this system, the U.S. budeience projects. Like the United States, European
get process seems to lead to greater uncertaintycountries generally appropriate science funds
The U.S. budget process frequently creates teryearly, as part of the annual budget process.
sions for collaborations already under way. In thdnstead, two other factors account for this in-
case of the space station, continuing strugglesreased stability. First, although these countries
over funding have increased tensions between trend organizations generally do not provide multi-
United States and its partners. Evenin less contegear appropriations, their planning processes,
tious cases where appropriations are virtually assoth for research programs and individual large
sured, U.S. partners report concern about whatcience projects, are more extensive, which re-
they perceive as an annual process that calls U.Sults in more realistic funding estimates and re-
funding formally into question. Although interna- search time lines. Once governments commit to a
tional projects are rarely canceled in the yearlyproject—and this is generally a longer process
budget process, the cancellation of domestic sci-

27 This perception is prominent in public discussion of international science projects as well. For example, commenting on the Gemini tele-
scope project, Julie Lutz, Director of the National Science Foundation’s astronomy division, said “[I]t is harder for the United States than for
other countries to sustain a long-term scientific collaboration because the entire U.S. budget is reviewed annually by Congress.” Mervis, see
footnote 11, p. 430.

28|n an analysis of 30 selected projects, several of which were canceled, the Congressional Research Service notes that “One . . . tentative
conclusion is that significant technical, cost, political, foreign policy, and other events following an initial authorization and/or appropriation
may overshadow initial congressional support.” Sharp escalations in project cost or lower agency appropriations were an especially significant
cause of project terminations. See William C. BoesmanScience and Technology Projects: Analysis of 30 Selected U.S. Government Proj-
ects(Washington, DC: Congressional Research Service, Aug. 24, 1994), p. 7.

29|t should be noted that although individual countries lack flexibility, multinational European scientific organizations such as CERN, ESA,
and ESO have in recent years shown flexibility in canceling, reducing funding for, and restructuring projects.
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than in the United States—funding and participain CERN, where Germany has lobbied successful-
tion are virtually guaranteed.Second, almost all ly to reduce its yearly contribution and where the
basic science research in Europe contains a signifiiture of the Large Hadron Collider (LHC) was
icant international component. This applies nottomplicated by heated disputes over funding con-
just to research conducted in multilateral orgatributions. ESA itself has recently undergone dra-
nizations, but also to national research projectanatic budget reductions in its optional programs,
Given their extensive interdependence in scienceecessitating project cancellations. Disagree-
research, stability of funding and adherence to inments about funding priorities have delayed ap-
ternational commitments are absolutely vital toproval and resulted in a downsizing of the
the viability of European national research pro-organization’s plan to build a pressurized labora-
grams. The strength of international commitmentory and other compenents for the space station.
in Europe has a nonscientific and historical com- However, despite the concern among partner
ponent as well—the countries’ relatively small nations that the United States can sometimes be an
size, close proximity, and closely interwovenunreliable or unpredictable partner, some question
economies. Moreover, the European Union treatwhether the United States has actually paid a price
encourages joint research efforts among membdor being perceived as unreliable. Although this
states. The consequences of breaking an internperception has unquestionably complicated U.S.
tional commitment would likely be much more negotiations in prospective collaborations, OTA
serious for a European country than they would beannot identify a case in which efforts to collabo-
for the United States. rate or initiate a project have failed because of
Similar factors apply in Japan. Projects receivajuestions about U.S. reliability. In fact, concerns
approval only after undergoing a rigorous techni-about U.S. reliability may be ameliorated by the
cal and financial evaluation that typically occursdisproportionately large share the United States
over a three- to five-year period. Although Japarhas paid into some collaborations. Nevertheless,
is generally slow to enter into commitments, oncduture partnerships may have to be more formally
having agreed to a project, it adheres strongly tstructured to address the concerns of potential
its commitments in part because of the desire t&.S. partners.
maintain and foster good international relations. Finally, reliability is not related solely to the
However, participation in large international proj- ability to deliver promised funds. Reliability also
ects is usually not pursued by the Japanese unlelsas a technical aspect—the ability to deliver prop-
there is a sound scientific or strategic motiva-erly designed and tested project components in a
tion.31 timely manner. In a purely domestic project, over-
Nevertheless, growing budget -constraintssight and project control may be much simpler
within Europe may weaken multiyear fundingthan in an international venture, where multiple
arrangements or commitments to collaborativeagencies and firms in various countries have tech-
projects. Signs of strain are already showing withnical responsibilities. If there are only a few items

30 European countries employ four- to five-year long-term planning processes for R&D decisions. Programs that have been approved at the
cabinet level in these countries are reviewed on a two-year basis and generally can be canceled only if feasibility studies have not been conclu-
sive or if the country is under economic constraints. Moreover, “[T]he most striking difference between the United States and other democratic
countries is the action of Congress which can, more easily than anywhere else, shut down or create new programs without the agreement of the
Administration/White House. In other countries, such behavior for major programs could lead to a political crisis.” Center for Science, Trade
and Technology Policy, George Mason University, “Large Science Project Priorities in Selected Countries,” contractor report prepared for the
Office of Technology Assessment, January 1995, p. 13.

31For a detailed discussion of this process, see Kenneth Pechter, “Assessment of Japanese Attitudes Toward International Collaboration in
Big Science,” contractor report prepared for the Office of Technoloy Assessment, December 1994.
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on critical paths or if critical technologies are dis-CERN over potential U.S. participation in the
tributed among a smaller group of countries and.HC project. CERN has informed the Department
firms, technical risks and concerns about the relief Energy that U.S. physicists may be unable to
ability of partners are reduced. However, theconduct research on the Large Hadron Collider if
greater the number of partners that have responghe U.S. government does not contribute to the
bility over items on critical project paths, the morecapital costs of building the LH&2U.S. policy-
difficult it will be to ensure technical control. makers may therefore benefit from an assessment
NASA'’s policies and preferences governing criti-of the challenges that Europeans have encoun-
cal paths and project control are designed in patered in this area.

to meet these concerns. In practice, it has been easier to formulate sys-
tems for determining each country’s funding con-

[ Difficulty of Equitably Distributing tribution than to apportion project contracts. ESA
Costs and Benefits and CERN employ formulas based on the gross

Apportionment of funding contributions and con-domestic product to determine each country’s
tracts can also impede cooperation. Successfiifnding contribution. This system is designed to
collaboration requires convincing all internation-€nsure proportionality: each country contributes
al partners that project financing is structured fairfunds relative to its resources. In ESAs case, the
ly. Partners must also be satisfied with the policie®roportionality formula applies to the organiza-
that determine how and where money is spention’s “mandatory” science programs. ESA al-
Distributing costs and benefits has been a contindows countries to contribute additional funds to
ing and difficult problem. The equitable alloca- “optional” projects in which they are especially
tion of costs and benefits has generally been iterested.
more serious problem for collaborative science or- Yet even in this area, there has been substantial
ganizations, with pooled funding and contractingdifficulty in assessing and compensating for the
operations, than for ad hoc collaborations incosts and benefits that may accrue to a country
which there is often no exchange of funds or conhosting a science facility. Some organizations
tracts. spread their facilities among participating coun-
The United States has collaborated more ofteffies. In areas of ad hoc collaboration, there may
using the latter arrangement and has placed heapg informal agreements among governments
reliance on “clean interface” collaborations with about which country is next “in line” to host a ma-
no exchange of funds. This has reduced potentigdr facility. The benefits of hosting a facility may
problems over the distribution of project costs andilso be factored into a country’s funding contribu-
benefits. The Europeans, with their reliance orion to a facility or organization. In the case of the
joint research organizations, have dealt with thésuropean fusion community’s Joint European To-
problem more often and in greater depth. Howevrus (JET), Great Britain agreed to pay an addition-
er, if the United States collaborates more activelyal 10 percent as its share of project costs in
in the future, it too will have to grapple with the exchange for hosting the facility. However, there
issue of how to distribute project obligations andwas recently sharp disagreement at CERN be-
benefits. The United States may face this inween Germany and Great Britain, on the one
awarding contracts and making the siting decisiomand, and France and Switzerland, on the other,
on the ITER project. The issue has also arisen @ver how much the latter two countries should

32C. Llewellyn Smith, Director General of CERN, letter to U.S. Department of Energy Secretary Hazel O’Leary, Feb. 15, 1994.
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contribute to the LHC in exchange for being itsorganization’s flexibility and possibly increasing
hosts. Final approval for building the LHC was costs3®
held up while CERN members negotiated over To avoid this problem, which can affect even
this issue33 the best functioning fair-return arrangements,
Ensuring some balance in the procurement o€ERN until recently had no requirement to dis-
goods and services has been even more difficultribute contracts among partners. CERN was
There is a fundamental tension between eaclmandated instead to place contracts where most
country’s desire to receive financial returns com-appropriate—technically, logistically, and finan-
mensurate with its contribution and the need focially. However, the following factors have re-
the project itself to contract work most efficiently sulted in pressure on CERN to enact some variant
and effectively. ESA, for example, has attemptedf fair return as well: budgetary constraints among
to satisfy member demands for equity in contractnember countries of CERN; the fact that host-
apportionment by instituting a system of “fair re- states France and Switzerland have consistently
turn” (often referred to gaste retouror,in ESAs  won almost 60 percent of CERN contracts; and
case, “equitable geographic returnhereby the fact that about 8 percent of CERN’s annual
each country receives a percentage of project comudget is spent outside its member states (more
tracts proportionate to its funding contribution,than 5 percent is spent in the United States).
both for mandatory and optional projects. ObservC€ERN now employs a relatively loose return co-
ers report that this system worked relatively wellefficient of 80 percent and contracting rules that
in the past because ESA managers were allowddep prices of fair-return contracts close to the
to meet the fair-return requirement by calculatingowest bid. These provisions allow much greater
contract distribution over several years and oveflexibility than ESA has for placing contracts
a series of projects. ESA managers report that thishere they are most technically and financially
gave them leeway to meet the distribution requireadvantageou#®
ment and to place contracts where they were most Fair return is an issue of contention not only be-
technically and financially appropriate. cause each country seeks to recoup its immediate
However, others argue that fair return discour-contribution to each project. Differences also arise
ages competitiveness and efficiency, and may prever the distribution of contracts because of the
vent organizations from contracting with the bespossible commercial potential of the technologies
or most appropriate firm¥ Recent experience at involved in developing megascience projects. For
ESA may support this point. Although ESA's sys-example, contracts to develop superconducting
tem of fair return appeared to work well in themagnets for a collider or for Earth-observing
past, political and budget pressures in membenstruments on an orbiting vehicle may finance
countries in recent years have led to demands forew technologies with commercial implications
equitable returns omach project, reducing the

33In December 1994, the CERN Council approved the construction of a $2.3 billion Large Hadron Collider to be built in two stages. France
and Switzerland, who will host the facility, agreed to pay proportionally more than they have for previous CERN projects. If additional funding
is received from the United States and Japan, the LHC will likely be built in one stage and completed around 2004. If CERN is unable to secure
funding from these and other nonmember states, construction will be stretched out into a second phase, which will end in 2008. See Dennis F.
Cioffi, “CERN Reaches Consensus on Two-Stage LHRDysics Todayol. 48, No. 2, February 1995, pp. 48-50.

34see, for example, “Will Europe be Lost in Spaciature,vol. 373, Feb. 16, 1995, p. 545.

35ESA increased its overall country-by-country fair return goal to 95 percent in 1993 and is trying to reach 96 percent by 1996, with a goal of
90 percent within each of its programs. Krige, see footnote 23, p. 4.

3Blpid.
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far beyond the initial science-oriented projectfinancial benefits to be derived from hosting a ma-
goals. For this reason, not only are countries an)er science facility, most of which come from
ious to receive contracts for path-breakingconstruction, operation, and maintenance con-
technologies, they are also reluctant to financeyacts, as well as payrolls, that can give a signifi-
through their project contributions, contracts thattant boost to a local economy. Also, a major
develop these technologies (and create jobs) elsseience facility could attract new companies to an
where—in effect, financing foreign commercial area. However, rather than the benefits derived
competitors. from hosting the facility and its infrastructure,
Because of the differing commercial potentialcontracts to produce path-breaking technologies
of various technologies, distribution of contractswith commercial implications or spinoffs may ac-
has been a more important issue in some fieldgially be much more beneficial to a country’s
than in others. European collaboration has workedconomy as a whole, helping to create entirely
most smoothly when the science or technologyew sectors of industry and employment. Thus,
concerned is not of direct commercial importancefor example, the United States might place a much
For example, CERN’s success, its lack of a fair-retower priority on hosting ITER than on maximiz-
turn policy, and the absence of large national faciing opportunities to develop and produce the mag-
lities in all member states except Germany reflechets, other reactor components, integration
European governments’ perception that high-ensystems, or advanced materials that could have
ergy physics is afield of research with little poten-considerable commercial potential beyond fu-
tial for practical application, at least in the short tosion. In effect, the United States could use the sit-
medium term. In space research, the situation g decision as a bargaining chip to obtain
different, as evidenced by the existence of severgloncessions for critical advanced technologies
independent European national space programs ghd service8’
addition to ESA, by ESAs industrial policy of fair  Nevertheless, siting remains an important issue
return, and by the demand, particularly from thein collaboration because it is so closely related to
smaller or technologically less advanced membeprestige—the national prestige of the country
states, to move even closer to 100-percent returﬁbsting the projec'L as well as the status of a na-
on their contributions. tion's scientific community. Thus, decisions
Intellectual property issues also complicateapout siting are a challenge to collaboration due to

collaborative arrangements. In structuring a regyestions oboth national prestige and distribu-
search venture, managers must decide how to agon of project benefits.

quire, use, and safeguard technologies that are

necessary to the project, but proprietary to a cer- . .

tain firm gr countrF;/. Ij?esearchpprgjects )r;ust alscp Transfer Of_ Leading National

design intellectual property mechanisms for pro- 1eéchnologies

cesses and products produced by the venture ithe potential for transfer of technologies that have

self. These issues may be even more complex thanational security or commercial implications rep-

deciding where to assign contracts because thegsents another impediment to collaboration.

require, additionally, mechanisms for dispute resWith respect to scientific and commercial consid-

olution. erations, the challenges presented by technology
Ironically, the most difficult benefit to assign transfer are closely related to those posed by the

may be the least commercially important: wheralistribution of benefits and the maintenance of na-

to site a project. There are unquestionably mantional leadership. Countries and firms are reluc-

37Even site-related contracts, such as construction and management services, need not accrue solely to the host country.
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tant to participate in projects that may resultinthe The national security aspects of technology
transfer to potential competitors of technologiedransfer—the transfer of technologies with proven
in which they hold a scientific or commercial ad-or potential military applications—may be even
vantage. more formidable. It is difficult to proceed with
Countries with cutting-edge technologies es-scientific collaborations that involve the transfer
sential to a project have used a variety of means wf militarily relevant technology. The United
protect their edge while participating in collabora-States has encountered serious obstacles in joint
tive research. For example, a country can try tgovernment-level military-related research with
safeguard its lead by compartmentalizing work irits allies3® This type of technology transfer is out
collaborations or by stipulating project rules thatof the question if the partner is a potential U.S. en-
clearly spell out the ways in which the technologyemy or rival. Yet even when the United States is
may be used. NASA has employed this approactvilling to share these technologies with friends, it
through the rules described in box 3-3. When it isnay prove too difficult to design a collaborative
impossible to safeguard a technology, a countrand regulatory framework that would prevent fur-
may still participate in joint research because ither transfer or proliferation of the technology or
derives other scientific or commercial benefitstechnical capabilities.
that compensate for the costs of sharing its leading
technologies® For example, the United States [] Sociocultural Differences

has developed considerable and unique expertisQihough often given short shrift in policy-related

in the design of superconducting magnets as afyiews of collaboration, sociocultural differ-
outgrowth of the SSC program. By participatingences among scientists in an international re-
in the LHC effort, this important expertise can bésgarch venture can pose obstacles to a successful

utilized and sustained over the next decade. NQigjjahoration. These impediments range from the
sharing this expertise could hurt overall U.S. caypyious to the more subtle.

pabilities in hadron accelerator technologies, be- The first set of sociocultural obstacles involves

cause u.S. physicist$ would not have access to(f‘aily life-style changes. Of these, the most ob-
machme (LHC) that is at the edge of the energyjio.s is the difference in language. For scientists
frontier. _ _ _ working together in a single research venture,
However, despite all precautions, technologiegjear communication is vital, not only in daily
may still be “leaked.” Moreover, when countries ggientific discourse, but also in establishing the
sacrifice a lead in one technology for the sake ofyytyal trust and collegiality that can foster cre-

access to other technologies or benefits, calculagjye synergies. Other differences in life-style, in-
tion of the relative tradeoffs is difficult and impre- cluding working habits, housing, and cuisines

cise. Countries, institutions, or firms may alsOcan a1so have negative effects on a scientist's abil-
choose to solve the potential technology transfegy ¢ feel relaxed, “at home,” and able to devote
problem by withholding their leading technology maximum mental energy to the project.

and using less advanced technologies on a collab-

orative project.

38n the private sector, IBM, Toshiba, and Siemens have decided to pool resources to develop the next-generation semiconductor DRAM
(dynamic random access memory) technologies. Each of the companies has developed leading-edge capabilities in semiconductor design and
fabrication. However, the financial and technical challenges associated with the 64-megabit and 256-megabit memory technologies compelled
these companies to share the risks and costs of development. Each is revealing important information to the other in order to make this effort
successful. In so doing, these companies are hoping to achieve synergies and new technical approaches that will reduce manufacturing costs.

39See U.S. Congress, Office of Technology Assessmeming Our Allies: Cooperation and Competition in Defense Techndls
ISC-449 (Washington, DC: U.S. Government Printing Offfice, May 1990).
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The stress of living in a foreign culture can in-[] Increased Management Complexity

crease in direct proportion to the “distance” of thaf\1anaging an international venture is a more chal-
_culture from aSC|en_t|st_s own. T_hus, it may be €aSfenging and complex enterprise than managing a
ier for a Western scientist to adjust to life in anoth—stricﬂy national project. Increased management

er Western country than in an Asian country, an¢omplexity can manifest itself in several ways.
vice versa. Furthermore, scientists from the counthese include increased transaction costs. in

tries of Western Europe, which are smaller thanyeased complexity of multinational decision-
the United States, as well as more cIoserinterwomaking at both the administrative and the
ven geographically and culturally, share a longscjentific levels, and in some cases, reduced finan-
history of collaboration in economics, politics, cja| scrutiny and accountability. All of these fac-
and culture, as well as science. These scientis{gs make international projects more costly than
often adapt more readily to life abroad than scienpure|y national ones, in terms of both budgets and
tists from larger, more geographically isolatedmanagement time. The factors that increase man-
countries. For example, some U.S. citizens haVﬁgement complexity are reviewed below.
a more difficult time adapting to life abroad be- Transaction costs take many forms. These in-
cause preparation for international living played &yde the cost of constructing and maintaining
much smaller role in their personal and profesmytiple, parallel, and geographically disparate
sional upbringing than it did for their European agministrative structures on the national and in-
counterparts. _ _ ternational levels. International projects also in-
Perhaps the most serious of these socioculturghye higher expenses for certain overhead line
challenges—highlighted by international partici-jtems, such as translation services and travel. Dif-
pants at OTA's workshop on international collabo-ferences in equipment and standards may create
ration—is the retention of cultural identity within costly and confusing obstacles to joint research.
families, especially among children. Scientists\1oying and maintaining scientists abroad can be
from the United States, Europe, and Japan notegremely expensive, much more so than the cost

that the biggest problem they face while workingsf maintaining the same scientists at home on ex-
abroad is finding culturally appropriate educa‘clusively national projects.

tional services for their children. Whatever the Transaction costs in international collabora-
difficulties and rewards of foreign life for them as jons can be considerable, far beyond normal ex-

adults, they place strong emphasis on being ablganses for exclusively national projects. Critics of
to educate their children in their home culture Ofinternational collaboration maintain that due to

provide employment opportunities for spouses. these costs, international collaborative projects
Officials at Fermilab, an institution with a g always more expensive (in the aggregate) than
strong history of international cooperation, Saynational ones. However, it should be noted that
that to ensure a successful environment for collabsjnce these higher costs are spread among all par-
oration, a host institution or country must i”VGStticipating countries, the net project cost to each
resources to address the needs of foreigners. Theggntry is still likely to be substantially lower than
include not only education, b_ut also hous_ing,the cost of undertaking the project alone.
food, and other areas. Addressing these sociocul- |y addition to the transaction costs of collabora-
j[ural iss_ues can be an gnqnticipated expense in 8Bn increased management complexity can be
international partnership, in both large and smalfefiected in complex, binding international agree-
science projects. Fermilab, for example, employgnents that reduce project flexibility (and seren-

sor?teone full time to work exclusively on thesedipity) and increase the time required to reach
matters.
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decisions collectively. For projects in which CONCLUSION

policy and funding decisions require consensus of e decision to pursue scientific research on an in-
the approval of several different countries, it calernational cooperative basis is complex. It in-
be difficult to make decisions and change direcygyes balancing the relative benefits of
tion as needed in the course of the project. Withgjaporation against the disadvantages of in-
science projects that have important commerciglrational research. OTA has found that the most
implications for their member states, policy deci-concrete benefits of partnerships include opportu-
sions may require high-level meetings. For exampities to reduce net U.S. costs and to enhance a
ple, major policy decisions at ESA are made byygject's scientific capabilities. The desire to re-
meetings of the ministers for space-related affairg ,ce costs and/or “to do better science” has fea-
from all member states. At CERN, an organizayreq prominently as a motive in all the
tion with more limited commercial applications, ¢oljahorations that OTA investigated. In addition,
decisions seldom require such high-level meetggme collaborations have also been motivated by
ings. Other aspects of increased managemeg{e desire to enhance funding stability, to support
complexity include boundaries to the movemeny, g foreign policy goals, and to address global
of people and materials across borders, problemssjentific questions.
in obtaining work permits for spouses of scien-  Ajthough these motives to collaborate can be
tists, and so forth. attractive, the potential disadvantages of scientific
~More serious in its consequences for scientifiGooperation must also be considered. In the past,
discovery is the greater difficulty in reaching con-yhe strongest disincentives to U.S. participation in
sensus decisions. Although this type of consensug|japorative endeavors have been the potential
may compel greater care in research before thgss of national leadership and project control, dif-
publication of new discoveries, it may also pro-ficuity in distributing a project’s costs and bene-
duce a conservatism that is counterproductive tfits, and the risk of technology transfer. From the
the basic mission of scientific discovery. Thus, i”'standpoint of U.S. partners, the inability of the
novation and individualism may be discouragedynited States to guarantee long-term political and
For example, some analysts have criticizedynging support for international projects has
ITER’s planners for using a fairly conservative defyeen the most serious challenge to collaborations
sign in an effort to ensure that the ignition of fu-yith the United States. However, there is evidence
sion fuel can actually be th'eV@d-_ that these concerns have been overstated. There is
In some cases, international projects are comy|sg reason to believe that U.S. partners may soon
plicated by differences in management and acaxperience the same types of instability. Finally,
counting systems, which make it difficult to gome sociocultural challenges may exist that com-
evaluate the contributions and activities of eaC'incate collaboration. These problems, however,
member country or institution. U.S. public SCi- are almost always outweighed by the benefits that
ence institutions, which operate under extremely:an pe derived by pooling intellectual talent from
tight and well-elaborated rules, have at times hag;oynd the world and by the increased understand-

particular trouble obtaining the necessary finaning that results from the close interaction of di-

This makes it difficult for them to account for ex-
penditures of collaborative funds and time.

40Because ITER is an ambitious, very expensive international collaboration (one of the first), a conservative and probably more expensive
design is being used to reduce the chances that the machine will not perform as intended.
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nternational scientific activities influence States and several other nations. In 1991, the
U.S. science policies and vice versa. This inUnited States spent nearly $150 billion on R&D.
fluence is likely to become more pro- Industry was the leading source of funding, con-
nounced as research costs rise and the tectributing 56 percent of the total. Defense-related
nological expertise of other countries increasesR&D commanded the largest share (more than 50
Since World War I, Europe and Japan have devebpercent) of the federal contribution.
oped world-class scientific research programs and As a share of gross domestic product (GDP),
facilities. For example, the European Union hasJ.S. R&D expenditures rank second. Japan’s rank
assumed a leadership position in high-energfirst. If only nondefense R&D is considered, the
physics research with its facilities and programs alt).S. position would be lower. (See figure A-1 for
the European Laboratory for Particle Physicsaa comparison of the Organization for Economic
(CERN). The Japanese have made importanfooperation and Development (OECD) coun-
strides in their work on linear electron-positrontries’ R&D expenditures as a share of GDP.)
accelerators and silicon tracking detectors used in
particle physics research. Such advances in the&ERMANY

and other research areas make it necessary for thepasic science, Germany’s main goal is to secure
United States to examine other nations’ sciencgg place as a major player in the world science
policy goals and to reassess ours in terms of botlyena  Closely linked to this goal is the commit-
the potential for international collaboration andmyent to maintaining and enhancing the quality of
our own goals. Accordingly, this appendix dis-science? The Federal Ministry for Research and
CUSSES olther nations’ science goals and fundingechnology (BMFT) reports that international
priorities: recognition of Germany’s scientific achievements

Table A-1 presents a comparison of researciyq grown in the last decade. Germany has
and development (R&D) spending in the United

1For an indepth discussion of international research organizational structures and mechanisms, see U.S. Congress, Office of Technology

Assessmenfederally Funded Research: Decisions for a Dec&IEA-SET-490 (Washington, DC: U.S. Government Printing Office, May
1991).

2Federal Ministry for Research and Technoldgegport of the Federal Government on Research {B88n, Germany: July 1993).
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See Table A-1 in a separate file.
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developed and maintained a high profile in severafuture. In this regard, building cooperative part-
disciplines, including nuclear physics, high-ener-nerships and networks may intensify. Germany al-
gy physics, and synchrotrons radiation researchready has science and technology (S&T) agree-
The Hadron-Electron Ring Accelerator (HERA) ments with more than 50 countries. Bilateral S&T
electron-proton collider has attracted physicistsagreements with the United States cover space re-
from around the world. Germany is also looking search and technologies, biotechnology, nuclear
to expand its role in other areas such as biosciendeactor safety research, and energy technologies.
and materials science. The German government views these cooperative
Although basic science continues to serve asrrangements as important components of its
the foundation for technological innovation and overall research program. The government also
economic competitiveness, applications-orientegpromotes international scientific collaboration as
research is growing in importance. Priority is giv-a way to exchange information, pool resources,
en to scientific endeavors that translate into marand tackle thorny global problems. Moreover, in-
ketable processes and products (e.g., computdernational collaboration may be necessary to sus-
sciences, materials, bioscience, and environmertain existing big science projects.
tal research). Agricultural research is also a top Germany is a member of several international
government priority. In the future, this trend may organizations, including CERN, the European
translate into fewer national large-scale basic sciSpace Agency (ESA), the European Southern Ob-
ence projects. servatory, and the European Research Coordinat-
Because of budget constraints, BMFT has indiing Agency (EUREKA). Germany contributes
cated that over the next few years, the governmerit2.5 percent of CERN’s budget, the highest per-
will focus on utilizing existing large-scale facili- centage of all member states. As a major contribu-
ties and equipment rather than financing newor, Germany has played a pivotal role in recent
ones. For example, Germany has no plans to updecisions about the Large Hadron Collider (LHC)
grade its synchrotrons facility (DESY) in the nearproject at CERN.
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In 1991, Germany spent a total of $35.6 billionation Facility (ESRF) in Grenoble, the first of a
on R&D. Most of the budget was earmarked fomew generation of high-intensity x-ray sources.
medium- to long-term research projects with high  Among European countries, France is the lead-
technology and economic potentfalike the er in space science. Also, France was a driving
United States, German industries fund more thaforce behind the creation of ESA. The National
half of its nation’s R&D. However, Germany ex- Center for Space Research is responsible for na-
pends considerably less on defense R&D. (Setonal space projects, which focus primarily on

table A-1.) providing assistance at Ariane launches, space-
craft acquisition, long-range planning, and man-
FRANCE aging contractors. Most scientific research is car-

France’s primary science goal is to maintain d/€d out at ESA or through bilateral agreements,
presence and, in some cases, to be competitive fiimarily with the United States and Russia.
several fields. Scientific excellence is closely tied™@nce commits about 60 to 70 percent of its space
to this goal. World leadership is neither a motivaPudget to ESA. _ _
tion nor a goal of French science. The concept of France has actively pursued collaborative proj-
leadership is viewed only in the context of the Eu£CtS With many countries, including the United

ropean Union. To achieve its goals, France looksta(es, Japan, India, and several in Eastern Europe
increasingly to international collaboration in big @d Latin America. The United States and France

science projects. The pooling of financial, technihnave along tradition_ of scie_ntific cooperation and
cal, and intellectual resources is the main motivalUMerous cooperative projects. Franco-Japanese
tor to participate in international projects. smen_tlflc_ cqllaboratlon is more recent, but it is
In France, the science community plays a majofroWing in importance. As part of the European
role in setting the nation’s scientific agenda. ProjUnion, France is a partner in the International
ects generally move from the bottom up, and scil "érmonuclear Experimental Reactor (ITER)
ence budgets are estimated in five-year cycle®roject. _ _
Unlike the United States, French government !N 1991, gross domestic expenditures on R&D
agencies do not have to go through the annual butptaled $25 billion. Government outlays ac-
get process once project commitments are mad@pu_nted for 57 percent of the total. Large science
France has strong science programs in hing“?JeCtS account for about 9 percent of the total
energy physics, space, astronomy, fusion, biologiS¢ience budget.
cal science, and nuclear physics. In the field of
high-energy physics, national projects are funde®USSIA
by the Institute for Nuclear Physics and ParticleThe former Soviet Union (FSU) has a well-devel-
Physics. Although France does not have a larg@ped and respected scientific research communi-
national high-energy physics facility, it is a majorty. During the Cold War, the Soviet government
participant and contributor to CERN. France istargeted several priority areas for extensive scien-
also the host nation of the Institute Laue-Langevirific research, partially in support of potential mil-
(ILL) neutron facility, the preeminent neutron- itary applications, but also as part of the competi-
scattering facility in the world. In addition, Francetion with capitalist countries to prove which
hosts the 12-nation European Synchrotron Radisystem was the more innovative and productive.

3Glenn J. McLoughlininternational Science and Technology: Issues for U.S. Policym&k@&Report for Congress, 94-733 SPR (Wash-
ington, DC: Congressional Research Service, Sept. 16, 1994), p. 20.

4Gerard Petitalout, National Center for Space Research, personal communication, Nov. 9, 1993.
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Basic research in priority areas including spacetron radiation sources. Russia’s space program is
high-energy physics, high-temperature supercongiven special priority—a separate line item bud-
ductivity, and oceanography was well financedget, and funding almost equal to the entire S&T
and scientists working on these subjects enjoyeldudget. High-energy physics also commands a
social status, high remuneration, and preferentidiuge share of the total Russian S&T budget, ac-
access to goods and services. counting for about 27 perceht.

Since the breakup of the Soviet Union, funda- The Russian government is trying to integrate
mental changes have occurred in the politicalsome of its scientists into the world scientific
economic, and social orders. These changes hagemmunity, and is attempting to use international
had a profound impact on S&T policy in the for- collaboration and support to preserve the coun-
mer Soviet Union. The huge military budgets oftry’s scientific and technical expertise. For exam-
the Cold War, which underwrote much of the re-ple, in high-energy physics, Russia has signed a
search, have been slashed, and the competitidnilateral scientific cooperative agreement with
with the West to prove which system is the besCERN. Russia is interested in becoming a full
(through science or by other means) has ceaseshiember of CERN and is supportive of plans to
With civilian budgets strained to the limit, many build the LHC. In space, the Russians have be-
research institutes lack the financial resourcesome a critical partner in the International Space
even to pay salaries. According to one expertStation project. Russia will provide expertise and
funding for Russia’s S&T programs has declinedequipment developed from its long-duration acti-
significantly in recent years: 26 percent from 1991vities in orbit, for which it will be paid $650 mil-
to 1992; 17 percent from 1992 to 1993; and 8.7ion by the United States. Russia will use the pay-
percent from 1993 to 19%4In addition, the sky- ment to partially finance its involvement in the
rocketing cost of living and the more lucrative fi- project. Additionally, Russia is one of the four
nancial opportunities in the commercial economypartners in ITER.
have driven thousands of scientists out of research The U.S. government has undertaken several
completely. Even where scientists remain at theiactivities to support Russian scientists. Given the
posts, there is often no money to finance the reproliferation risk represented by unemployed for-
search itself. For example, oceanographic remer Soviet arms scientists, the U.S. government
search ships are stranded for lack of funds, and rfwas financed a program, the Moscow International
new research reactors have been furfdEden Science and Technology Center, to reemploy
subscriptions to foreign journals are beyond theéhem in peaceful uses of their expertise.
means of some institutes. The outlook for Russian science is troubled by

Nevertheless, efforts to reconstruct and contineontinued economic and political uncertainties,
ue research are under way. Russia inherited thend difficulties are likely for the next several
bulk of the FSU’s scientific expertise, althoughyears. However, stabilization of the Russian econ-
other former republics have research facilities andmy and successful transition toward markets
well-respected scientists. In 1994, Russia fundedould provide a sounder economic basis for the
38 S&T programs. The programs selected wergovernment to finance an effective, though much
chosen from a group of 150. Top-priority items onsmaller, basic research program than in the Soviet
Russia’s scientific agenda include space, high-erera. Under these circumstances, Russian scientists
ergy physics, global climate change, and synchrowvould increase their engagement with the world

SIrina Dezhina, “Russia’s Science and Technology Priorities,” n.d.
6Sergei P. Kapitza, “Russian Science: Snubbed and Si@dyigtin of Atomic Scientistdjay/June 1994, p. 48.
"Dezhina, see footnote 5.
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scientific community, and international collabo- In 1991, R&D expenditures totaled $6 billion,
ration would become essential to the Russian rewhich is modest by industrialized country stan-

search enterprise. dards but above average for developing countries.
The Indian government funds the lion’s share of
INDIA R&D and conducts most of the research. Defense-

The goal of India’s science policy is a practicalrelated R&D is the top priority for India, followed

one: to apply scientific knowledge and its relatecPY SPace and health research. In recent years, gov-

benefits to advancing the well-being of its popula £mment support for R&D has been declining. The

tion. Tied to this goal is the development of a selfOutlook is for further cuts in government funding
reliant S&T basé. and more reliance on commercially funded proj-
India has a strong tradition of basic science regcts?
search, and its scientists are highly respected. Sci-
ence gained even more prominence after indepefHINA
dence in 1947, with the goal of developingBasic science has long been an important part of
economic and political power. Nehru's govern-Chinese culture. Scientific achievements in as-
ment developed large programs in physics, astrotronomy, mathematics, medicine, and chemistry
omy, chemistry, and nuclear energy, and severalate as far back as ancient times. In fact, Chinese
national laboratories were built. With the help ofleadership in science was not challenged by West-
the United States, India developed a highly soern countries until the 17th century.
phisticated nuclear energy program. In recent years, however, economic reforms
Also, India has successfully developed its owrhave dictated China’s emphasis on applied, rather
satellites and launch vehicles. Its first experimenthan basic, science research. The primary goal of
tal satellite was launched on a Soviet rocket irscientific research today is to contribute to the
1975. India’s space program is oriented towarceconomy and provide a foundation for interna-
Earth observation, weather prediction, and teletional competitiveness. Research that can contrib-
communications; space exploration is negligibleute to doubling the gross national product (GNP)
India has no high-energy physics facility, butby the year 2000 and programs aimed at develop-
its scientists participate in experiments at otheing new high-technology industries are given the
nations’ facilities. India had agreed, in principle,greatest government support.
to contribute to the proposed, and now defunct, In 1989, the Chinese Academy of Sciences is-
Superconducting Super Collider and has exsued areport on the status of basic research in Chi-
pressed interest in contributing to the LHC projecha. The report characterized China’s basic re-
at CERN. search structure as weak and its programs as well
Indian scientists are also actively involved inbehind other nations in several fields, including
other international science projects, including asbiology, chemistry, and mathematics. Basic sci-
tronomy, nuclear physics, and materials scienceence has taken a back seat in China’'s changing
It has S&T agreements with many countries, an@&conomyt©
its collaboration with the United States is particu- A bright spot is in the field of high-energy
larly strong. physics. Completion of the Beijing Electron-Pos-

8McLoughlin, see footnote 3, p. 39.
9"Time To Catch Up, Far Eastern Economic Reviewpl. 155, No. 49, Dec. 10, 1992, p. 45.

10chinese Academy of Sciencésyestigation of the National Basic Research Disciplines of the Natural Sc{@wijrsg, China: Beijing
Science Press, 1989), as reporte@orld Science Report 199Bondon, England: UNESCO Publishing, 1993), p. 105.
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itron Collider in 1988 provided a boost to China’sstructure all contribute to China'’s high rate of uni-
high-energy physics program. However, othedateral projects. Nevertheless, China does have a
disciplines, such as condensed-matter physicé&rge number of S&T cooperative agreements
and atomic and molecular physics, remainwith other nations. For example, China and Brazil
weak1l are jointly building two remote sensing satellites

Another bright spot is China’s space programto collect weather data. Also, China has a broad
China is one of a few countries that has a nationahnge of bilateral S&T agreements with the
space program. It has been marketing its launctinited States and Europe. U.S. and French scien-
capabilities in international markets, and its sateltific cooperation with China is particularly strong.
lites have been used for Earth observation andhe foundation for U.S.-China scientific coopera-
telecommunications. tion was established by the 1979 U.S.-China

Annual expenditures on S&T have averagedAgreement on Cooperation in Science and Tech-
about 1 percent of the GNP, with basic scienc@ology. Agreements cover space technology (the
funding accounting for about 4.8 percent of the toNational Aeronautics and Space Administration
tal. Both of these figures are well below the world(NASA)), high-energy physics (the Department
averagéet? Given China’s goals, it is not surpris- of Energy (DOE)), medicine, earthquake studies,
ing that industrial development commands thenuclear safety, aeronautics, transportation, and
largest share (47 percent) of R&D spending. Othetelecommunications. Activities are generally
priority items for funding are health and agricul- funded under existing agency budgets.
ture (about 10 percent of civilian R&D outlays).

In the past, S&T projects were funded by theBRAZIL

central government, according to state economig,qqet constraints, the lack of human resources,
plans. Since 1986, funding has diversified somezn |imited regional and international cooperation
what, with several state ministries and private seg;,e hampered scientific development in Latin
tor organizations supporting science researchymerica, Therefore, science policy goals in Latin
However, limited funding remains a thorny prob- America focus primarily on building up its scien-
lem for science. In addition to funding constraints ific infrastructure through education, coopera-
China’s science community faces another serioUgon  and integration or coordination with other
problem—its aging scientists. Moreover, there issgctors of the economy, particularly those having
a dearth of younger scientists due, in part, 10 paglyong scientific components. Attracting young
political policies (e.g., the Cultural Revolution), heqple to science professions and actively pursu-
and the deC|S|on_of Chinese scientists trained ithg collaborative projects are important strategies
the West to remain rather than return home. for achieving scientific goaft

_ Most of China’s scientific endeavors are na-  of g|| Latin American countries, Brazil has the
tional projects. The desire to tailor scientific Proj-jargest R&D budget and the highest rate of scien-
ects to national economic needs, the reluctance {g;c publications. In 1991, Brazil's science R&D

provide access to research work and informationay nengitures were about $3.2 billion, roughly 0.7
plus the need to build up its own scientific infra-

11bid.

12ynited Nations Educational, Scientific and Cultural Organization, “Chiffattd Science Repafttondon, England: UNESCO Publish-
ing, 1993), p. 104.

13Center for Science, Trade and Technology Policy, George Mason University, “Large Science Project Priorities of Selected Countries,”
report prepared for the Office of Technology Assessment, Jan. 23, 1995, p. 18.

14bid., pp. 39-40.
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percent of its GDP. The largest R&D expendituresSTRIUMP. This national facility is funded by sev-
are for agriculture, accounting for about 20 per-eral government agencies and managed by four
cent of government outlays. Health research andniversities. Foreign experts serve as members of
space research are also R&D prioriiés. the facility’s planning and advisory committees.
In 1992, Brazil’s civilian space budget was $98Canada’s investment in high-energy physics has
million, a significant drop from the $247 million been about $300 million per year, with annual op-
fundedin 1991. Exploration accounts for about 3@&ration costs budgeted at about $35 million.

percent of the total space budd@as noted earli- Canada’s space program is oriented toward
er, Brazil and China are jointly developing satel-Earth observation, including weather data, and
lites to gather weather data. communications. On the international level, Can-

In the field of high-energy physics, Brazil's ada has alliances with NASA (e.g., for the space
budget is rather modest. It has no large facilitiestation) and with ESA. In the latter case, Canada
but does patrticipate in programs in other counsubmits proposals to the ESA board that, if ac-
tries. Brazil does, however, have a synchrotron racepted, are included in ESA's programs.

diation facility. Canada has a strong tradition of scientific coop-
eration with the United States, Europe, and more
CANADA recently, Japan. Canadian scientists are participat-

Industrial and economic goals dominate Canada’{'d in international projects, such as the Global
science policy. The 1991 Science Council reporf-limate Change Program, the Ocean Drilling Pro-
noted the importance of the linkage betweerdr@m, the Human Genome Project, the Gemini
scientific research and technical innovation androiect, and ITER.
competitiveness. Several research areas have been
identified as vital to sustained economic growth infNITED KINGDOM
Canada. These include biotechnology, space, a&cience policy in the United Kingdom focuses on
vanced industrial materials, and environmentatwo primary goals: 1) maintaining and enhancing
and marine sciencés. the quality of science, and 2) providing economic
In 1991, total R&D expenditures totaled $7.8and social benefits to the nation. In recent years,
billion. The private sector funded nearly 60 per-the government has strengthened the link between
cent of Canada’s R&D activities. Industrial devel-science and the creation of wealth. In its first re-
opment commanded the largest share of fundsiew of science policy in more than 20 yettthe
Other priority areas included defense, space, angbvernment outlined a strategy for ensuring the
energy!8 success of the industry-science marriage. The
Faced with growing budgetary pressures andtrategy hinges on developing stronger relation-
the need to pool resources, Canada’s basic scienskips between science and industry, participating
programs have both national and international elein international research efforts, and improving
ments. In high-energy physics, national effortsthe training and education of scientists and engi-
have centered on the construction and developieers. In particular, the research councils respon-
ment of a relatively large national facility called sible for funding science projects have been re-

15ybid., pp. 14, 38.

16]pid., table 10, figure 6f.

17Science Council of Canada, “Reaching for Tomorrow: Science and Technology Policy in Canada, 1991,” 1992.
18Center for Science, Trade and Technology Policy, see footnote 13, table 4.

19Chancellor of the Duchy of Lancast@galising Our Potential, A Strategy for Science, Engineering and Technpleggnted to Parlia-
ment by Command of Her Majesty (London, England: Her Majesty’s Science Office, May 1993).
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organized and given the explicit mission of Although the United Kingdom does not have a
enhancing industrial competitiveness. In addi-major high-energy physics facility, its scientists
tion, the Technology Foresight Programme (TFPare actively involved at CERN. The United King-

was created to identify strategically importantdom contributes about 14 percent of the CERN
technologies and high-priority research areas. Inbudget.

formation collected by TFP contributes to long-

range R&D planning and funding decisions. JAPAN

In 1991, total expenditures on R&D amountedrechnology is the driving force behind science
to $19.2 billion, or 2.1 percent of GBPThis per- policy in Japan. Science is viewed as a foundation
centage has remained falrl)_/ sta_ble ove_rthe Iast_d%r technological and economic development and
cade. Defense research is given high funding,ierational competitiveness. Japan’s focus on
priority, followed by industrial development, 55 jjications-oriented research can be attributed,
health, and the environment. Not surprisingly, the,, part, to industry’s large share of R&D funding.

Ministry of Defense is the leading government|, 1991 industry contributed 84 percent of the to-
supporter of R&D, contributing about 40 percentiy| raD funds.

of total government outlays fo_r _R_&D. Industry  Another priority of science programs and in-
funds about half of all R&D activities. The elec- qygiry is to “catch up” to the West, specifically the
tronics, chemical, and aerospace industries rqyjted States, in areas in which Japan feels it lags.
ceive the largest share of industrial fundfg.  Njaional prestige and capacity building also fig-
Basic science is viewed as an international eMyre jnto decisions about undertaking expensive
terprl_se thgtdepends onthe poo_llng oflntellectuql]ationm projects, such as the B-factory, and col-
and financial resources. The United Kingdom hag,orating on international big science projects.
been active in international activities at all levels Rrasearch priorities are set at the highest gov-
in all areas of science, including high-energye nment levels and are reached after extensive in-
physics, astronomy, fusion, and space. Collaborggragency consultation. Consensus decisionmak-
tion ranges from informal agreements among SCiyg drives this consultative process. The Council
entists and institutions to bilateral agreements b&y; science and Technology (CST), which is
tween governments, to international partnershipghajred by the Prime Minister, is the cabinet-level
The United Kingdom is a member of CERN, ¢4ordinating body for S&T. It consists of distin-
ESA, ILL, ESRF, and EUREKA. In addition toits g,ished representatives from academia, industry,
membership in European consortia, the Unltecgnd government. The Science and Technology
Kingdom has a strong tradition of cooperationagency is the secretariat for CST, but other pow-
with the United States. o ~erful agencies, such as the Ministry of Science,
The United Kingdom has significant national gqycation, and Culture, the Ministry of Interna-
research programs in fusion, astronomy, and Nyjona| Trade and Industry, and the Ministry of Fi-
clear physics. The reputation and expertise of ithance, are also members of CST. CST is responsi-
Culham Laboratory for fusion research contrib-py|o for outlining the national research agenda,
uted to the_ decision to site the European_ l_Jni‘?napproving government agency plans, and ensur-
funded Joint European Torus (JET) facility injng that funding is appropriate to meet needs. New

{England. It is also a member of the ITER projeciyarerials research (particularly superconducting
eam.

20center for Science, Trade and Technology Policy, see footnote 13, table 4.
2IMcLoughlin, see footnote 3, p. CRS-54.
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materials), biotechnology, space, fusion, and Japan is also a partner in ITER. The potential
high-energy physics are top priorities. for an unlimited, economical energy source and
In recent years, government support for basithe development of advanced materials and mag-
research has increased, although industry is stiliet technologies are among the driving forces be-
likely to continue to fund and do the bulk of the hind Japan’s participation in this project. Howev-
work. This increase in support is viewed as a wagr, enhancing Japan’s stature in science was an
to build Japan’s science infrastructure and developmportant selling point for both the space station
its standing in the world scientific community. and the ITER projects. In 1991, Japan spent nearly
The Japanese have come to believe that beir®800 million on fusion researcs.
leaders in technology innovation, manufacturing, Japan has avery respected national high-energy
and marketing is not sufficient to gain the respecphysics program. Its National Laboratory for
of other major industrialized nations. High Energy Physics (KEK) has attracted scien-
The government promotes international col-tists from around the world. Japan also sends sci-
laboration in big science projects as another wagntists to CERN facilities and has decided to con-
for Japan to develop as a world science leadettibute $60 million toward the construction of
Also, the Japanese view international collaboraCERN's LHC project. KEK has cooperative
tion as an opportunity to pool resources and to adxgreements with the Stanford Linear Accelerator
dress global issues. Japan has extensive coopefaenter, the Brookhaven National Laboratory, and
tive agreements in space, fusion, high-energyhe Fermi National Accelerator Laboratory. Ja-
physics, astronomy, ocean and environmentgban’'s top-priority national project is building the
sciences, and health. The United States and JapBrfactory machine. Development of the B-factory
have a strong tradition of scientific cooperation.machine is one area of high-energy physics in
The U.S.-Japan Science and Technology Agreewhich Japan and the United States are pursuing
ment fosters scientific information exchange andarallel paths. Both countries can afford to build
access to facilities, and provides for the protectiotheir own machines, which will not only provide
of U.S. intellectual property rights. their scientists with more opportunities to conduct
The International Space Station project is theexperiments, but will contribute to national pres-
largest cooperative space venture in which théige. Japan’s 1993 budget for particle physics was
Japanese are engaged. Japan’s contribution to tabout $350 million.
space station—an experimental module—is its In 1991, Japan spent about $67 billion on
most expensive space project to date. The moduR&D. Industrial development accounted for the
will cost about $3 billion to build, and Japan will largest share of fund4.As a share of GDP, Ja-
share in operating costs as weélNational space pan’s R&D expenditures are the highest. Unlike
efforts, directed by the National Space Developthe United States, Japan spends less than 2 percent
ment Agency, concentrate on developing satelon defense-related R&D.
lites and rocket launchers. Satellites are used for
Earth observation and telecommunications. In fis-
cal year 1994, funding for space was $2.18 billion.

223ohn M. Logsdon, “US-Japan Space Relations at a Crossr&aiisiteyol. 295, Jan. 17, 1992, p. 299.
23Center for Science, Trade and Technology Policy, see footnote 13, figure 8c.
241pid., table 4.
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DNA
DOE
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EOSDIS
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Advanced Earth Observing Satellite
Atomic Energy Commission Act of
1954

Advanced Neutron Source
Advanced Photon Source
Advanced Spaceborne Thermal
Emission and Reflection Radiometer

Association of Universities for

Research in Astronomy

Advanced X-ray Astrophysics

Facility

German Federal Ministry for
Research and Technology
computerized axial tomography
conceptual design activities
Compton Gamma Ray Observatory
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Distributed Active Archive Center
Deutches Elektronen—Synchrotron
facility
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European Space Agency

European Southern Observatory
European Synchrotron Radiation

Facility

Former Soviet Union

Global Change Research Program
gross domestic product

Group on Large Scientific Projects
gross national product

High Energy Physics Advisory Panel
Hadron—Electron Ring Accelerator
High—Resolution Imaging
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International Atomic Energy Agency
inertial confinement fusion
International Earth Observing System

Institute Laue—Langevin
International Solar Polar Mission
International Space Station Alpha
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Experimental Reactor

Joint Central Team

Japanese Experimental Module
Joint European Torus

National Laboratory for High Energy
Physics (Japan)

Large Hadron Collider

Laser Interferometer Gravitational
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MFEEA Magnetic Fusion Energy Engineering OECD

MIMR

MOU
MSS
MTCR
MTFF
MW
NASA

NASDA
NIF
NLC
NOAA

NOAO

Act of 1980

Multifrequency Imaging Microwave
Radiometer

Memorandum of Understanding
Mobile Servicing System

Missile Technology Control Regime
Man-Tended Free Flyer
megawatt

National Aeronautics and Space
Administration

Japanese Space Agency

National Ignition Facility

Next Linear Collider

National Oceanic and Atmaospheric
Administration

National Optical Astronomy
Observatories

OMB
POEM

POES

SAR
SLAC

Organization for Economic
Cooperation and Development
Office of Management and Budget
Polar—Orbit Earth Observation
Mission

Polar—Orbiting Operational
Environmental Satellite

synthetic aperture radar data
Stanford Linear Accelerator Center

SPring—-8 Super Photon Ring—8

SRC-I

SSC
STA
TFTR
TPX
TRMM
VLT

Solvent Refined Coal-II
Demonstration Plant
Superconducting Super Collider
Science and Technology Agency
Tokamak Fusion Test Reactor
Tokamak Physics Experiment
Tropical Rainfall Measuring Mission
Very Large Telescope
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ANS. SeeAdvanced Neutron Source

Apollo mission to the Moon, 50

Apollo-Soyuz Test Project, 99-100

APS.SeeAdvanced Photon Source

Argentina

Gemini project, 96

Argonne National Laboratory, 91

Association of Universities for Research in
Astronomy, 96

ASTER.SeeAdvanced Spaceborne Thermal
Emission and Reflection Radiometer

ATLAS detector, 57

Atomic Energy Commission Act of 1954, 63-64

The Augustine Committee, 77-78

Autonomous Transfer Vehicle, 82

AXAF. SeeAdvanced X-Ray Astrophysics Facility

B-meson factory, 57, 121

B
Basic and applied research
tension between, 43-44, 50
Beijing Electron-Positron Collider, 118-119
Biological databases, 39
Biotechnology
commercial development of, 42
definition, 41
origins, 43
potential environmental applications, 41-42
Biotechnology Research Initiative, 42
Brazil
agreement with China, 119

Index

Gemini project, 96

R&D expenditures, 114, 119-120

science goals, 119-120
Brookhaven National Laboratory, 122

C
California
ITER home team work site, 67
Canada
EOS collaboration, 81
Gemini project, 96, 97
Mobile Servicing System plans, 82
NASA collaborations, 72
R&D expenditures, 114, 120
science goals, 120
space station responsibilities, 79, 82, 84
Special Purpose Dexterous Manipulator, 82
TRIUMP facility, 120
Cassini-Huygens mission to Saturn, 72, 73, 80-81,
95
CDF experiment, 56, 57
CERN.SeeEuropean Laboratory for Particle
Physics
Changes in scientific research
competitiveness, 42-45
diffusion of knowledge, 37-40
industrial implication of large projects, 46-48
new areas of scientific inquiry, 40-42
role of large projects, 45-46
Chile
Gemini project, 96
China
agreement with Brazil, 119
Beijing Electron-Positron Collider, 118-119
Chinese Academy of Science, 118
R&D expenditures, 114, 119
science goals, 118-119
S&T agreements, 51, 119
Clinton, William
Canada’s space station contribution and, 82
Clinton Administration
ANS discontinuation, 88

CMS detector, 57 1125



126 | International Partnerships in Large Science Projects

Cold War end
collaboration benefits, 100
devaluation of traditional goal of U.S. leadership,
85-86
new collaboration possibilities, 85
pressures on U.S. to maintain control over collab-
orations, 77
redefinition of national security goals, 51
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