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PREFACE

This report presents findings from research conducted by the Critical Technologies
Institute at RAND as part of the project “Assessing the Costs and Benefits of Interna-
tional Cooperation in Science and Technology.” This report

» describes the results of a RAND inventory of U.S. government spending on inter-
national cooperation in research and development (ICRD) in fiscal year 1995

e characterizes the nature of ICRD activities
» reports and critiques methods available for measuring the benefits of this activity

» presents a framework of measures that can be used to monitor the benefits of in-
ternational cooperation in research and development.

The findings herein should be of interest to government policymakers concerned
about international relations in science and technology, to government program
managers interested in examining the benefits of ICRD, and to those in the science
and technology community interested in tracking research and development
spending. This project’s Web homepage is www.rand.org/centers/cti/stp. For ac-
cess to the RaDiUS Web page, go to https://radius.rand.org/.

Research and data analysis for this report was conducted by the author, aided by
Jennifer Kawata, Kirstin Fisk, and Peter Cannon of the RAND staff. The project was
requested by and conducted under the guidance of Deanna Behring, National Se-
curity and International Affairs Division, Office of Science and Technology Policy
(OSTP), Executive Office of the President. This report has been peer reviewed, and it
has been reviewed by the OSTP staff. Conclusions in this report are RAND’s alone
and should not be ascribed to the Office of Science and Technology Policy.

Created in 1991 by an act of Congress, the Critical Technologies Institute (CTI) is a
federally funded research and development center within RAND and was contracted
through the National Science Foundation. CTI’s mission is to

* provide analytic support to the Executive Office of the President of the United
States

* help decisionmakers understand the likely consequences of their decisions and
choose among alternative policies
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¢ improve understanding in both the public and private sectors of the ways in -
which science and technology can better serve national objectives.

Inquiries regarding CTI or this document may be directed to:

Bruce W. Don

Director, Critical Technologies Institute at RAND
1333 H Street, N.W., Suite 800

Washington, D.C. 20005

(202) 296-5000

www.rand.org/centers/cti

cti@rand.org
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SUMMARY

The United States spends considerable sums on international cooperation in re-
search and development (ICRD). In fiscal year 1995, for example, the U.S. govern-
ment spent more than $3.3 billion, which is more than 4 percent of the annual fed-
eral research and development budget. The U.S. government maintains 26 bilateral
“umbrella” agreements and hundreds of agency-to-agency agreements to support
and encourage international cooperation in science and technology. Policymakers
have expressed concerns about this cooperative research. Some fear that the United
States is paying more than its fair share of the work’s cost. Others worry that the
country is giving away critical know-how to potential foreign competitors. Addi-
tional concerns have been voiced that cooperative programs subordinate the inter-
ests of true science to strategic or political ends. These claims are difficult to test for
anumber of reasons: the large number, varying goals, and long timelines of projects;
the underdeveloped nature of tools for measurement; and the lack of a system for
linking international science and technology agreements with actual spending on
cooperative R&D.

CTI set out to determine if the benefits of ICRD could be measured in real-time in a
way that does not require explicit reporting by individual projects. After an extensive
database search complemented by agency interviews, we identified some 3,000 pro-
jects to use as a basis for an approach to quantifying benefits. Our analysis led us to
conclude that the key to identifying benefits lay in understanding the relationship
between the purpose of the project and the type of project undertaken. Knowing the
rationale behind each type project enables us to predict what kinds of benefits are
likely to accrue, which in turn enables us to identify applicable metrics. After con-
structing an assessment framework and identifying metrics, we applied the frame-
work to a case study—earthquake sciences and seismology—to test its applicability.

PURPOSES OF ICRD

We identified four broad reasons for government to fund an ICRD project:

o If the scale of the equipment or investment required to conduct the project is
large.

e Ifthe nature of the subject is global.

» Ifunique expertise or natural resources involved have a remote location.
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* Ifthe mission of the agency involved is to support international cooperation.

We found that the majority of ICRD projects are conducted for the first two reasons:
because large-scale investments are required, thus making cost-sharing arrange-
ments with other countries desirable, and because the global nature of the subject
lends itself to international cooperation. We identified eight specific activities in-
volved in these types of projects: collaborative research, conferences, contracts (if
not classified), database development, operational support, standards development,
technology transfer, and technical support. The overwhelming majority of U.S.
spending supports the first of these activities, collaborative research (see Figure S.1).

IDENTIFYING ICRD SPENDING

The U.S. government committed at least $3.3 billion in federal R&D spending to
projects involving some form of international cooperation in fiscal year 1995. In ad-
dition, federal governments agencies spent as much as $1.5 billion in other activities
that were not tagged as R&D funds but that constitute scientific or technical activities
involving significant international cooperation. NASA leads U.S. agencies in com-
mitting funds to ICRD, followed by the Department of Defense, the Agency for Inter-
national Development, and the Department of Health and Human Services. Multi-
national activities accounted for more than half of all the spending identified. For

RANDMARZ00-S.1
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Figure S.1—U.S. International Cooperative Research and Development Spending by
Nature of Activity
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projects in which the United States works with just one other nation, the largest
share of the dollars were claimed by projects with Russia. When parsed by field of
science, aerospace and avionics was by far the largest area of dollar concentration in
a field of science, followed by earth sciences and environment, physics, and health.

Measuring Benefits

Measuring the benefits of these activities requires making the expected benefits ex-
plicit and then crafting measures to help enumerate these benefits. At the intersec-
tion of the reasons for conducting cooperative research (e.g., the global nature of the
research) and the type of research activity chosen (e.g., collaborative activities), ex-
pected benefits can be identified. Measures of the results and outcomes of research
can provide insight into how well a program is meeting its goals and thereby produc-
ing a benefit to the United States. Using available tools to measure outputs and out-
comes—bibliometric measures, milestones, surveys, and expert judgment—can
provide usable information to help policymakers track the benefits the United States
is receiving from ICRD. We describe a framework for applying these measures to
different types of ICRD activities.

Seismic Research: A Case Study

In a case study examining cooperation in earthquake sciences and seismology, we
tested the ability of the above measures to provide feedback on benefits. Based on
the framework of measures developed for this project, we identified three applicable
measures: bibliometrics, a survey of research participants seeking information on
leveraging foreign research dollars, and expert judgment on standards development.
Using these measures, we found that papers co-authored jointly by at least one U.S.
national and one foreign researcher had nearly doubled over a 10-year period, with
the largest growth being in multinational authorship. The survey found that, on av-
erage, the foreign financial contribution equaled the U.S. contribution. The expert
judgment standards survey found that the U.S. companies were setting the standard
for 80 percent of the essential research equipment used in this field. The measures
indicated that the United States is receiving benefits from these activities.

The results of the case study show that the framework can point to possible useful
measures. However, improved data on both ICRD spending and outcomes would
greatly enhance the ability of decisionmakers to monitor these activities in real time.
Government agencies may wish to take advantage of new electronic networking
technologies to flag and share data on ICRD activities. In addition, agencies may
wish to map ICRD activities against the existing international science and technology
agreements to gain a clearer picture of where and why the United States cooperates
with other countries on these projects.






Chapter One
INTRODUCTION: RESEARCH, SCIENCE, AND ACCOUNTABILITY

The U.S. federal budget for research and development (R&D) appears likely to de--
cline over the next six years. The American Association for the Advancement of Sci-
ence (AAAS) projects that federal R&D will decline from $73.7 billion in fiscal year
(FY) 1997 to $72.1 billion in FY 2002.! This represents a cut of 2.2 percent, or 14 per-
cent after adjusting for expected inflation. This is the largest single decline in the
federal R&D budget since the early 1970s. Except for Japan, where plans are in place
to significantly expand the public R&D budget,? other industrialized nations face
similar declining prospects for their national R&D budgets.

As budget deficits and public debt continue to constrain national spending in indus-
trialized nations, policymakers are seeking ways to increase the productivity of the
public research dollar. Cooperation among researchers from different countries may
provide a way to leverage dollars and increase the productivity of research. The Eu-
ropean Union, for example, sponsors the S&T (Science and Technology) Framework
Programme to provide opportunities for trans-European cooperation in research
that requires investments of a large scale or broad scope. Asian nations also place a
priority on international cooperation in science and technology, particularly in areas
that support industrial research.

U.S. government policymakers have expressed an interest in increasing international
R&D cooperation. In a December 1996 press conference, John Gibbons, Science Ad-
visor to President Clinton, said that as federal R&D budgets shrink, U.S. scientists
and program officers should consider expanding international science cooperation
as a way to share the cost of developing knowledge, leverage dollars, and increase
R&D productivity.> While these benefits may accrue to the United States in some
cases, they will surely not in every case of international cooperation.

Thus, policymakers need to be able to evaluate when international cooperation is an
efficient and effective use of federal dollars. To understand this, policymakers and
scientists need to know under what conditions cooperation makes sense, what ben-
efits may accrue to the nation as a result of this activity, and how to monitor benefits

LAAAS Report XXII: Research and Development FY 1998, AAAS and the Intersociety Working Group,
Washington, D.C., 1997.

2Science Magazine, Vol. 275, February 7, 1997, p. 743.
3 New T echnology Week, December 9, 1996, p. 1.
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over time. Unfortunately, little research exists on ways to track the returns to the na-
tion of investing in R&D, and even fewer studies describe ways to assess the benefits
of international cooperation.*

PROS AND CONS OF COOPERATING

Science is by nature an international activity, but this doesn’t mean that all science
benefits from cooperation. In a 1995 report, the congressional Office of Technology
Assessment (OTA) stated that “the expanding range of scientific and technological
undertakings, and the development of new tools to expedite the exchange of infor-
mation, have reinforced and augmented the international dimension of scientific in-
quiry.”> The OTA study identifies four key reasons why international cooperation in
science (at least for factors leading to an increase in “big science,” the subject of the
OTA study), makes sense:

* The pooling of intellectual and technical resources from throughout the world
has led to important breakthroughs in a variety of fields.

* Cooperation enhances the ability to draw on competencies of other nations and
gain access to foreign facilities.

* Large-scale projects may be too big for a single nation to undertake.

* Domestic and international political considerations often serve as important rea-
sons to cooperate on specific projects.f

However, the logistics of cooperating with colleagues from around the world is al-
most always more difficult and more expensive than participating in domestically-
based research. Time differences and language barriers complicate communica-
tions, physical distance makes travel expensive, and different levels of national
commitments to project funding may reduce the efficiency or increase the risk of
joint projects. International projects may sometimes require significant and possibly
duplicative equipment purchases in the United States and abroad. Moreover, if the
United States is leading in an area of science, there may be less incentive for the
United States to share knowledge and resources with other countries, at least in
some fields.

The OTA study also identified a number of limitations to participating in interna-
tional collaborative projects, including the following:

* There is difficulty in guaranteeing the long-term financial commitment by all
project partners.

40One relevant study is Techniques and Methods for Assessing the International Standing of U.S. Science,
Caroline Wagner, Santa Monica, Calif.: RAND, MR-706.0-OSTP, 1995.

5U.S. Congress, Office of Technology Assessment, International Partnerships in Large Science Projects,
OTA-BP-ETI-150, Washington, D.C.: U.S. Government Printing Office, July 1995, pp. 11-12.

6Tbid.
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* The collaborative process may inhibit innovation by limiting competition among
researchers.

* Large international projects require elaborate management and decisionmaking
mechanisms.

¢ Cooperation may lead to the loss of commercial advantage through the transfer
of leading-edge national technologies.”

THE LARGER TREND TOWARD ACCOUNTABILITY

The financial and scientific motives for increasing international cooperation are col-
liding with the national debate surrounding the issue of quantitative assessment of
government research and development programs. The debate about measuring re-
search and development arises in the context of a government-wide trend toward
public accountability for the benefits received for dollars spent. Several recent
events have shifted the attention of government program managers from focusing ex
ante at justifying budgets and ex post at evaluating programs, toward continuous
tracking and monitoring of activities using performance measures. This trend is mo-
tivated in part by a similar change in industrial management practices. Continuous
tracking and monitoring received its largest boost in the summer of 1993, when the
U.S. Congress passed the Government Performance and Results Act (GPRA) “to im-
prove the efficiency and effectiveness of Federal programs by setting goals for pro-
gram performance and measuring results.”® The Act urges federal agencies to shift
from an input focus to “an emphasis on performance and results.”® These require-
ments are also contained in the Clinton Administration’s National Performance Re-
view.!0 Federal government agencies are testing new management practices and
preparing to report program-based strategic plans, milestones, and outcome mea-
sures as part of the FY99 budget cycle.

The task of continuous tracking and monitoring of R&D outputs and outcomes is
particularly arduous because these programs’ progress is hard to anticipate and their
results are difficult to predict and measure. Moreover, the results of scientific re-
search are often an intermediate product—new knowledge—which is then applied to
reach other goals. As the National Science and Technology Council (NSTC) has
noted in its report on assessing fundamental science: “Science proceeds through a
slow process of accretion of results. Major breakthroughs do not necessarily occur on
a regular basis, and an essential element of scientific research is the replication of

“Ibid. p. 13.

8Report of the Committee on Governmental Affairs, United States Senate, to accompany S. 20,
Government Performance and Results Act of 1993, U.S. Government Printing Office, June 16, 1993, 103rd
Congress, 1st Session, Report 103-58, p. 2.

9Leon E. Panetta, Memorandum for the Heads of Executive Departments and Agencies, M-94-2, Executive
Office of the President, Office of Management and Budget, October 8, 1993.

10vice President Al Gore, From Red Tape to Results: Creating a Government that Works Better and Costs
Less, report of the National Performance Review, Washington, D.C., September 7, 1993.
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earlier findings in order to confirm or generalize them.”!! Existing measures de-
scribed briefly in this report, and more fully in other RAND publications cited later,
can capture important elements of research output, but, as the NSTC has noted, sig-
nificant aspects of research cannot be quantified using straightforward measurement
techniques.!?

Although scientific research is hard to quantify, measures do have a place in under-
standing the benefits of international cooperation, particularly those related to new
knowledge creation. Moreover, international cooperation has a number of goals be-
yond the creation of new scientific knowledge that provide possibilities for mea-
surement. In addition to the creation of new scientific knowledge, goals for scientific
activity, such as access to data and equipment, improved world health, enhanced
political relations, and national defense and security, provide fields for measure-
ment. However, ICRD activities are not easily identifiable in traditional budget re-
porting; activities are decentralized and dispersed throughout the government. Col-
lecting these activities together for the purpose of measuring benefits requires craft-
ing a methodology and criteria for identification.

BOUNDARIES, SCOPE, AND METHODOLOGY OF THIS STUDY

This study examines government spending on international cooperation in research
and development (ICRD) and attempts to draw from, regroup, and augment existing
assessment methods to create a framework for measuring the benefits of ICRD on a
real-time, continuous basis.!® Because of the diversity and range of the ICRD activ-
ities being studied, analytic boundaries have been drawn for the purpose of conduct-
ing this study, focusing on

* actual cooperative activities rather than international agreements to cooperate

» research and development budget obligations rather than on the less clearly de-
fined category of “science and technology”

» award and project activities counted from the “bottom-up,” rather than relying
on one-time reports from various agencies

* the creation of a transparent and reproducible approach to assessment, rather
than relying on anecdotes of success.

HNational Science and Technology Council, Assessing Fundamental Science, Committee on Fundamental
Science, July 1996, p. 4.

12Ihid., p. 7.

13Research and development is a budget term used by the Office of Management and Budget and applied
within government agencies to define a specific form of federal investment activity. In fiscal year 1995 this
activity amounted to approximately $70 billion. Only those activities classified by federal agencies as
“R&D” are included in this inventory. We recognize that projects and activities outside of the defined set
of “R&D” projects might be considered to be scientific or technical in nature, but to ensure consistency,
we do not include these activities in this inventory.
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Actual Activities Versus International Science and Technology Agreements

International science and technology agreements (ISTAs) can be an important indi-
cator of national interest to cooperate in R&D. In fiscal year 1995, the United States
government had 26 active “umbrella” or “framework” ISTAs signed at the White
House level. These agreements provide the protocol for sharing scientific data and
equipment, exchanging researchers, and conducting collaborative projects. In addi-
tion to the framework agreements, the Department of State’s Title V Report cites over
850 agency-to-agency bilateral and multilateral agreements to conduct international
cooperative research, provide technical support, or share data and/or equipment.
Fourteen agencies have signed international science and technology agreements
with 71 countries and 2 regions (the European Union and a consortium of African
countries) in 22 fields of science and technology. Most agreements are bilateral: In
the 1995 Title V report, 651 of the agreements reported were signed by the United
States and one other nation. Multilateral ISTAs accounted for 116 of the signed
agreements.

It has been widely assumed that ISTAs constitute the scope of U.S. ICRD activities. In
fact, ISTAs are non-funded, diplomatic-level agreements that have no associated
budget authority. Many ISTAs are never fully implemented because of lack of funds
from one or more parties. On the other end of the spectrum, individual investigators
often collaborate with their international peers without reference to the existence of
an ISTA. Relying on the list of ISTAs can actually be misleading when the goal is
identifying the range and character of ICRD actually being funded by the U.S. gov-
ernment. Accordingly, this study identifies federally funded ICRD projects regardless
of whether they were sponsored by or were otherwise a part of a government-to-gov-
ernment ISTA. While we were aware of the many ISTAs in place to encourage inter-
national cooperation, we did not use these as a guide to find ICRD activities. Rather,
we sought to identify actual, on-going, federally funded international cooperative
activities.

Research and Development Versus Science and Technology

In popular literature, the terms “science and technology” and “research and devel-
opment” are sometimes used interchangeably, but, within the U.S. federal govern-
ment, they have very different meanings. R&D is a specifically defined budget cate-
gory, constituting the $70+ billion often referred to in government and policy publi-
cations when discussing the government’s investment in science and technology.!4
The federal government’s $70+ billion R&D investment is split between defense re-
search, which claims half or more of the total R&D budget, and discretionary funding
at more than a dozen research and mission-oriented agencies.

M4For example, the 1995 National Academy of Sciences report (Allocating Federal Funds for Science and
Technology, issued by the Committee on Criteria for Federal Support of Research and Development,
National Academy of Sciences, National Academy of Engineering, Institute of Medicine, and the National
Research Council) uses “R&D” and “S&T” almost interchangeably throughout the report.
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The Office of Management and Budget (OMB) defines R&D activities within the fed-
eral budget in Circular A-11 as activities falling within these general guidelines:

* Basic research—systematic study to gain knowledge or understanding of the
fundamental aspects of phenomena and of observable facts without specific
applications toward processes or products in mind.

» Applied research—systematic study directed toward greater knowledge or un-
derstanding necessary to determine the means by which a recognized and spe-
cific need may be met.

» Development—application of knowledge toward the production of useful mate-
rials, devices, and systems, or methods, including design, development, and im-
provement of prototypes and new processes to meet specific requirements.

OMB allows individual agencies some latitude in determining which activities consti-
tute the conduct of R&D. Each agency may use its traditional, historic definitions of
R&D when reporting R&D activities to OMB. As a result, each federal agency defines
the “stages” (basic, applied, and development) of R&D in the context of its particular
mission. This results in variations among the agencies as to what constitutes basic
and applied research and development.

Agency variations in accounting for R&D result in data that are often difficult to
compare. The OMB definitions of R&D specifically exclude the training of scientific
and technical personnel. However, the support of research assistantships for Ph.D.
research is sometimes included in the “conduct of R&D” as a grant provided by an
agency to a scientific researcher. Moreover, R&D data may differ across agencies in
the accounting for salaries and indirect costs: These may be included or excluded
from the total R&D budget, depending upon the nature of the research or the vehicle
for its funding.

Among the agencies, the Department of Defense (DoD) has the most unique ap-
proach to accounting for R&D. The DoD reports seven stages of R&D to OMB: DoD
budget categories 6.1-6.3 correlate with the OMB definitions for basic, applied, and
development R&D—DoD refers to all three categories as “S&T.” The DoD delineates
budget categories 6.4-6.7 as testing, evaluation, and design activities—DoD refers to
these four categories as “R&D.” The federal government’s $70+ billion R&D budget
comprises all seven DoD 6.1-6.7 activities’ budgets.

Specifically not counted as R&D within the U.S. government budget are endow-
ments, such as the U.S.~Israel Science and Technology Commission; capital invest-
ment, such as the Global Seismographic Network; routine product testing; quality
control; mapping; collection of general-purpose statistics; experimental production;
routine monitoring and evaluation of an operational program; and the training of
scientific and technical personnel. Some of these activities might be considered S&T
by a reasonable observer and may involve some international cooperative activities,
such as collecting, tracking, and reporting weather data. Nevertheless, these activi-
ties are not budgeted as R&D so that they cannot be compared across agencies or
tracked from year to year.
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The particularities of federal budgeting terms and practices have important implica-
tions for this study. To create an inventory of international R&D spending that is
comparable across agencies and over time, this project used government R&D
budget dollars because these are identifiable, comparable, and traceable data.l®
Figure 1.1 illustrates how the terms are used and where this study has focused its
efforts. Figure 1.1 also shows how, in an effort to make the data comparable across
agencies, we eliminated the DoD 6.4-6.7 data from this inventory, since these
activities generally involve testing and evaluation activities not conducted under
R&D budgets in other agencies.

The collection and assessment methods used in this study are designed to allow re-
producible and comparable results across a number of cases. The study included
four phases: First, we conducted an inventory of government spending on interna-
tional cooperation in R&D in FY95.16 Second, we developed a notional list of benefits
that might be expected to accrue to the United States in the process of conducting
the types of international cooperation in R&D identified in phase one. Third, we
examined possible measures for assessing the benefits of these activities, and, with
this list, we constructed a framework that matches benefits to measures in a way that
would elicit real-time quantitative and qualitative information on ICRD activities.
Finally, we conducted a case study to test whether the framework and the suggested
measures provided practical, policy-relevant information. This report presents the
findings from and analysis of these four phases of the project.
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Figure 1.1—“Research and Development” Versus “Science and Technology”

15The case study described in the appendix sought to include all S&T activities without regard to R&D
budgetary classification.

16The U.S. federal government’s fiscal year begins on October 1 and ends on September 30.
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ORGANIZATION OF THIS REPORT

Following this introduction, Chapter Two describes the data collection process: The
methodology used for this study is unique, and understanding it is central to inter-
preting the results of the study. Chapter Three contains the quantitative results of
the inventory of FY95 government spending on international cooperation in R&D as
well analysis of the data. Chapter Four presents a framework for assessing the ben-
efits of ICRD and describes a case study that used the assessment framework as a
guide. Chapter Five concludes with remarks on the need for and ways to improve
data collection on international cooperation. Appendix A contains summary tables
of the data we collected. Appendix B is output from RAND’s Web page of RaDiUS,
outlining U.S. government programs that report ICRD.



Chapter Two
INVENTORY METHODOLOGY

No one set of government activities easily comprises the category “international R&D
cooperation.” Activities vary by agency mission, by country, by topic, and by many
other variables. Conducting an inventory of ICRD requires significant detective work
that includes reading thousands of individual program, project, and award data
contained within RaDiUS or obtained from agency sources. The process for collect-
ing data and the criteria for inclusion are presented here. Our findings are presented
in Chapter Three.

SOURCE OF THE DATA

The vast majority of data on government R&D spending is electronically available
and fully searchable through RAND’s RaDiUS database, the first comprehensive, fully
searchable data system that contains information on the approximately $70 billion of
annual spending classified by the federal government as “research and develop-
ment,” as defined by OMB Circular A-11.

Identifying the Data Set

Figure 2.1 shows the five steps taken to create this inventory. Part one involved col-
lecting data from official and primary data sources. The RaDiUS database and sup-
porting data tables were searched using an iterative search strategy. Searches were
conducted on words (such as “international” in conjunction with “collaboration”),
on units of government (such as NASA), and on countries and continents (such as
“Japan” or “Asia”). Hundreds of searches were run to capture all relevant programs,
projects, and awards. Part two of the process generated abstracts of candidate pro-
grams, projects, and awards.

Part three involved examining and sorting the data and running additional searches
where needed. Once the full set of relevant activities was identified, we read the
project descriptions and award abstracts, and, with reference to the criteria estab-
lished for this study, rejected or counted the project in the inventory and classified
the activity according to a range of characteristics. Over 9,000 program and project
descriptions and award abstracts were read. Many of the 9,000 were not relevant to
the study but were captured in the searches because they had terms such as
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NOTES: CDC is Center for Disease Control; NASA is National Aeronautics and Space Administration;
NOAA is National Oceanic and Atmospheric Administration; NIST is National Institute of Standards and
Technology; EPA is Environmental Protection Agency; AID is Agency for international Development; and
NiH is National Institutes of Health.

Figure 2.1—Method Used to Compile Data

“international implications” or “international reputation.” In addition, many terms,
such as “Japanese maple,” Chinese hamster,” and “New Zealand rabbit,” were inad-
vertently captured. Once these awards and projects were eliminated from the data
set, the inventory data set numbered approximately 3,000 projects and awards.

Part four of the process involved consultations with federal funding experts and with
staff at the Office of Science and Technology Policy to identify where additional data
were needed. We then contacted government officials to ask for assistance in
validating data obtained from RaDiUS, and if necessary, in identifying additional
budget data. In some cases, supplementary data were not available from the agency.
(These cases are noted in the agency descriptions in Chapter Three.) Part five of the
process involved compiling all the data collected from all sources, placing the data in
spreadsheets and examining the data for duplications and obvious errors, then
coding and analyzing the data set.

Refining the Data Set

Included in this inventory are any type of program-based activity—projects or
awards (contract, grant, or cooperative agreement)—that have, as one of the princi-
pal purposes, the sponsorship of international cooperation. Clearly, there is much
international activity, coordination, and sharing that is not captured by this inven-
tory since we limited the study to activities where cooperation is a specific project
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goal. If a project or award description reported cooperation as a principal purpose,
the full average annual FY95 budget authority! for that activity was included in the
inventory. While this method may have led to overcounting in a limited number of
cases, the alternatives were unworkable. Alternatives could have included (1) asking
agency officials to report on the share of a project dedicated to R&D—a datapoint
they usually do not have available, (2) contacting principal investigators directly and
asking them to report on the extent of funding dedicated to ICRD—a Herculean task
given the final data set of nearly 3,000 projects, or (3) having RAND staff make a
judgment—an impossible task without additional information.

Cooperation is defined for the purposes of this study as federally supported activities
where a U.S. government-funded researcher is involved in a project with a foreign re-
searcher, a foreign research institution, a multinational institution, or a multina-
tional research project. Projects and awards that fell within this definition encom-
passed scientist-to-scientist collaboration as well as cases of field research where a
scientist worked with a collaborator to gain access to a natural resource, research for
a Ph.D. dissertation when that activity was classified by the agency as “R&D,” and
cases where government agencies support the conduct of research through opera-
tional and technical support, again, where that activity is counted as R&D. The defi-
nition did not include activities for which a U.S. government official met for a brief
time or intermittently shared data with counterparts from other countries.

Agencies that use contracts, grants, and cooperative agreements to conduct most or
all of their research and development are the most fully represented in the RaDiUS
database and therefore are the most fully represented in this inventory. When gov-
ernment money changes hands, records are made of those transactions, and the
grant or contract recipient often provides a full description of the activities. This is
often referred to as extramural research. Agencies that primarily sponsor extramural
research include the National Science Foundation (NSF),2 Health and Human Ser-
vices (HHS),® the U.S. Department of Agriculture, and the non-lab-based activities of
the Departments of Defense and Energy (DoD and DoE). If international coop-
eration was established after the grant or contract was awarded, the activity will not
be captured by this search methodology.

When the R&D is conducted within government laboratories—intramural research—
spending is more difficult to track. While we made an effort to identify and charac-
terize these activities, ICRD activities in these parts of the government may not be
fully represented in this study. Identifying and collecting information on intramural
research involved first using RaDiUS to locate the likely federal agencies that contain
these activities, and second contacting the agencies to seek the information directly.
Even though we made extensive efforts to contact agencies with program or lab-
based activities, at times it was difficult to decouple the international activities from
other activities going on in these agencies or laboratories. (In two cases—NASA and

1in many cases, the activities identified in this inventory were funded on a multi-year basis. In these
cases, RaDiUS reports, and the project team counted, the average annual funding figure.

2Close to 95 percent of NSF R&D funds leave the agency in the form of grants or contracts.
3Close to 80 percent of HHS RD funds leave the agency in the form of grants or contracts.
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the Smithsonian—we worked with the agencies to identify the international compo-
nents of programs.) Agencies sponsoring this intramural activity include parts of
NASA, the EPA, the Agency for International Development (AID), the DoD, the DoE,
and the Smithsonian Institution.

Coding the Data Set
As the full data set was being compiled, the data were coded four ways:

e By country, or, in cases where researchers from more than two nations are in-
volved or where a U.S.-funded researcher reported working with a multinational
research organization, as a “multinational” activity.

e By type of cooperation, in categories developed by RAND, for identifying the
character of the ICRD projects or programs funded by the U.S. federal govern-
ment, as shown in Table 2.1.

* By fields of science or technology, using a list, shown in Table 2.2, adapted by
RAND from the National Science Board list of areas of science and technology.

¢ By sponsoring agency.

STRENGTHS AND LIMITATIONS OF THIS APPROACH

The data collection technique used in this study has significant strengths. First, the
data have been gathered from the “bottom up” by identifying activities at the lowest
level and aggregating up into programs, bureaus, and agencies. Second, this ap-
proach enabled consistent screening of the data using a single filter. This helped us
ensure the comparability of data across agencies. Third, this approach has the
advantage of identifying ICRD activities in actual operation as opposed to
cooperation merely proposed in international bilateral and multilateral cooperative
agreements. Fourth, the method we used is transparent and reproducible. This
allows trend analysis over time and across agencies.

The approach used to conduct this inventory also has limitations. Some agencies do
not compile or report data on activities at the project or award level. In these cases,
the inventory includes only program-based activities at highly aggregated budget line
items. AID, for example, reports data only at the budget line item, so no additional
analysis or comparison of AID activities is possible. The AID budget line item data
are delineated by region, but that is the most detailed data we could find for AID ac-
tivities. When this inventory was performed, AID could not provide additional in-
formation on the types of R&D activities sponsored in these regions. The EPA also
does not report detailed project-level activities. A small amount of DoE and DoD
lab-based activities may also be unreported.
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Table 2.1

Types of Cooperative Activity Identified in the Course of the Study

Collaboration

Conference

Contracts

Database development

Operational support

Standards development

Technology transfer

Technical support

Research activities where a principal purpose of the activity is to sponsor in-
ternational collaboration of the following types: between a researcher funded
by the U.S. government in a joint project with a collaborator from another
country, where a researcher funded by the U.S. government is conducting a
research program that involves actively sharing information with another re-
searcher conducting the experimental or observational research, or where a
researcher is contributing to an international cooperative project. (Not where
a U.S. researcher is using international data or data from another country, not
where a U.S. researcher is training foreign students in the United States or
another country, and not where U.S. graduate students are studying in an-
other country.)

Either foreign or domestic—and including symposia, workshops, or other of-
ficial meetings where scientists from around the world participate in a scien-
tific or technical meeting to describe and share ongoing research.

Where the U.S. government contracted with a foreign source for the purpose
of conducting research and development.

Where the U.S. government is sponsoring the creation of an international
database of information being collected from sources worldwide, and which
will be available to researchers from around the world.

Where the U.S. government is funding the building, maintenance and/or op-
eration of an international research center, designed specifically for the pur-
poses of international collaboration, in the United States or in a foreign coun-
try.

Where the U.S. government is sponsoring the development of a technical or
scientific standard that will serve as the basis for future research, develop-
ment, or production for practitioners around the world.

Where the U.S. government is actively seeking to transfer technology from a
foreign country to the United States.

Where a U.S. government laboratory or a U.S. government-sponsored re-
searcher is providing research and development results or other support to a
foreign researcher or laboratory.

Table 2.2

Fields of Science Used to Identify the Nature of ICRD

Physical Sciences Engineering Sciences Life Sciences Social Sciences
Mathematics Chemical Engineering Plant Biology Economics
Physics Computer Engineering Agricultural Sciences Anthropology
Chemistry Communications Engineering Biotechnology Demographics
Earth Sciences Materials Technology Biomedical Technology ~ Other Social Sciences
Geology Aerospace and Aeronautics Environmental Sciences

Other Physical Sciences

Other Engineering Sciences Other Life Sciences







Chapter Three

RESULTS OF DATA COLLECTION: FEDERAL GOVERNMENT
SPENDING ON INTERNATIONAL COOPERATION IN
RESEARCH AND DEVELOPMENT

The U.S. federal government spent approximately $3.3 billion on projects involving
international cooperation in research and development in fiscal year 1995.! This
amount constitutes 4.5 percent of the $70+ billion of government R&D spending in
FY95. Ten agencies of government actively supported more than $1 million of ICRD.
Over 100 countries are listed as a partner, or as the location, for cooperative research
activity. Cooperation spans most areas of science and technology but is heavily con-
centrated in aerospace research and the earth sciences.

This chapter presents the results of our data collection and analysis. The analysis fo-
cuses on

e the character of the ICRD

e the share of ICRD going to multinational and binational activities
e international partners in binational R&D

o fields of science represented in ICRD

e agency by agency support for ICRD

e mechanisms for conducting ICRD.

THE CHARACTER OF INTERNATIONAL COOPERATION IN RESEARCH
AND DEVELOPMENT

Collaborative research is by far the largest single ICRD category being funded by U.S.
government agencies. Figure 3.1 shows the breakdown by the character of the activ-
ity classified for the purposes of this analysis.

IThis includes only one-fourth of the funding appropriated for the International Space Station, even
though, in jts essential mission, the space station is an international project. However, much of the R&D
for the International Space Station is done by U.S. researchers, and including the total $1.9 billion of
Station funding skews the final number and misrepresents the extent of international research activities.

15
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Figure 3.1—Spending by Nature of Activity

* The overwhelming majority of activities: 73 percent, were judged to be collabora-
tive in nature, where U.S. scientists and foreign scientists work together on a
common research program, project or research problem. Funds are spent in the
United States, in foreign countries, or in both places.

¢ Technical support, where the U.S. government funds the application of our own
scientific or technical know-how to aid a foreign country with domestic prob-
lems, was 13 percent of activities. Much of this funding is spent outside of the
United States.

* DoD contracts, set aside as a separate category because of their unique nature,
accounted for 7 percent of the spending.

*  Operational support, where U.S. funds support centers of international research,
accounted for 5 percent of funds.

* Database development, standards development, and conferences together ac-
counted together for less than 3 percent of funded activities.

Multinational and Binational ICRD Activities

Multinational cooperation claims $2 billion of the $3.3 billion we identified as ICRD
activities. Multinational spending dominates ICRD because of the huge financial in-
vestments required by “big science” projects such as a space station, global climate
research, fusion research and other high-energy physics activities, polar research and
ocean drilling, and health-related research in such areas as human genome and in-
fectious disease control.
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Binational projects account for about $1.3 billion of FY95 ICRD spending. Figure 3.2
illustrates the share of binational cooperation by country. Funding for binational
cooperation was approximately $8 million or less with each of the following coun-
tries: Russia, Australia, Japan, Canada, the United Kingdom, Israel, China, and Mex-
ico. All parts of the world are represented in binational research, as illustrated in
Figure 3.3: Countries in Eastern Europe account for the largest regional share (39
percent), because of spending on research with Russia; Asia accounts for 18 percent
of binational cooperation; Western Europe accounts for 15 percent, and all other re-
gions account for 10 percent or less of U.S. government funding on binational coop-
eration. Table 3.1 shows regional spending by agency.

Binational Research

ICRD with Russian scientists and Russian research institutes accounted for the
largest share of ICRD binational spending: Over $100 million was spent on bina-
tional cooperative research with Russia alone. NASA accounted for the largest
amount of cooperative spending on projects with Russia, followed by ICRD projects
funded by the Department of Defense and the Department of Energy. These projects
focused heavily on space-based life support, nuclear waste containment, energy
storage, and environmental pollutants. U.S.-funded cooperative research with Rus-
sia led to the filing of at least 16 inventions with the U.S. Patent and Trademark Office
between 1991 and 1996.
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Figure 3.3—All Parts of the World Are Involved in ICRD

Table 3.1
Agency Spending, by Region
(in dollars)
South/
Eastern Middle North Russia Central Western

Agency Africa Asia Europe East America Oceania &FSU® America Europe Other
AID 73,343 17,019 11,250 8,509 0 0 11,250 20,758 0 [}
DoC? 50 189 0 0 46 0 145 152 0 2,241
DoD 0 667 0 6,372 115 83,342 9,703 341 14,372 349,681
DoE 0 17,174 0 0 1,070 177 7,330 0 8,062 87,201
EPA 0 174 0 0 344 0 429 160 0 3,500
HHS 7,531 28,253 680 3,342 15,449 1,571 754 6,203 4,102 4,070
NASA 0 183 0 63 1,063 83 80,875 60 831 190
NRCP 0 0 0 0 0 0 0 0 0 0
NSF 1,693 16,678 938 528 4,253 3,373 4,269 5,765 8,101 129,066
Smith-

sonian 0 0 0 0 0 0 0 0 0 27,750
USDAC® 0 157 0 409 3,871 444 578 138 200 1,006
Dvad 0 539 0 0 406 0 47 446 411 0
Grand

Total 82,617 81,031 12,869 19,224 26,618 88,989 115,381 34,025 36,079 604,705

@Department of Commerce.

bNuclear Regulatory Commission.
CU.S. Department of Agriculture.
dDepartment of Veterans’ Affairs.
€Former Soviet Union.

Australia’s presence in the top eight cooperating countries, with $88 million of ICRD
spending, is the result of several large DoD contracts to conduct R&D with Australia
on a shared control and ground station satellite system that will be located in Aus-
tralia. Without the DoD contracts, Australia would not be on the top-10 list of pri-
mary ICRD binational partners. Aside from the DoD contracts, NSF funds about $2.8
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million in cooperative research with Australia, and HHS cooperates in about $1.6
million of research with Australian scientists.

Binational ICRD with Japan, totaling $24 million, focused on energy research and
earth sciences. The Department of Energy and the National Science Foundation ac-
counted for the largest shares of funding for cooperative projects when Japan was
our sole partner. Joint U.S. government-funded research with Japan led to at least 11
patents being filed by U.S. government agencies over the six year period of 1991~
1996.

Other nations represented included the following:

e Cooperation with Canada totaled $18 million in FY95, dominated heavily by
Canadian researchers working with NIH researchers.

¢ Cooperation with the United Kingdom ($17 million), Germany ($11 million), and
Israel ($9.6 million) is led by the Department of Defense; beyond this binational
cooperation with DoD, cooperative activity between these three countries and
the United States ranges across a number of different agencies.

e Cooperative research with Mexico, totaling $9.6 million, is heavily focused on
agricultural research funded by the USDA, followed by cooperation with NIH and
NSF, focusing on agriculture and health research.

e China’s FY95 $9 million binational ICRD is focused on research with NIH and
NSF.

Fields of Science Represented in ICRD

Aerospace, avionics, and aeronautics accounts for more than half of the bulk of re-
search dollars committed to a single field of science, as shown in Figure 3.4. A distant
second to aerospace are the combined fields of the earth sciences (including geo-
sciences, natural resource research, and environmental research), which, when
added together, make up 15 percent of all ICRD activities—the second largest cate-
gory behind aerospace.

The next largest category—physics—is 5 percent of ICRD activity spending. Less
than 5 percent each are biomedical and biology, followed by engineering and mate-
rials, and other social sciences. Figure 3.5 shows how spending on sciences is dis-
tributed when aerospace is removed.

AGENCY SUPPORT FOR ICRD

Ten agencies dedicate significant portions (more than $1 million each) of their fed-
eral R&D budgets to international cooperative activity. These are, in descending or-
der of total ICRD spending: NASA, the Department of Defense, the Agency for Inter-
national Development, the National Science Foundation, the Department of Energy,
Health and Human Services, the Smithsonian, the Environmental Protection Agency,
the U.S. Department of Agriculture, and the Department of Commerce. A break-
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down of agency-by-agency funding is shown in Figures 3.6 and 3.7. Appendix A
contains a summary table showing the breakdown by agency and by program.

National Aeronautics and Space Administration (NASA)

NASA leads government agencies in total ICRD dollars spent: approximately $1.9 bil-
lion, or 20 percent of its total R&D spending, is devoted to ICRD activities. Interna-
tional cooperation is a charter mission of this agency.? Activities such as the Inter-
national Space Station, the Cassini Satellite Program, Mars '94, Earth Observing
Satellite System, and the advanced space transportation program are funded by
Congress with the understanding that these activities will be conducted in coopera-
tion with foreign space agencies and international entities.

The programs within NASA that have the greatest commitment to ICRD are Mission
to Planet Earth, Space Science, the International Space Station, the Space Shuttle,
and Life and Microgravity Science. The International Space Station represents a very
large portion of NASA’s R&D budget. In our consultations with NASA, it was decided
that this inventory should count only one-fourth of the Station’s total program bud-
get toward the total. NASA’s main international partners include countries with ad-
vanced space programs: Russia, Japan, France, the United Kingdom, Germany,
Canada, Brazil, and also the European Space Agency.

In FY95, NASA reported 60 international agreements to the Department of State
(Title V Report). The agreements were signed by NASA to encourage and support co-

2The summary table in Appendix A lists the legislative authority for NASA’s international science and
technology cooperation.
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operation in science and technology. When sponsoring international science en-
deavors, NASA’s work involves the exchange of scientific data and information.
When building systems and spacecraft, NASA’s collaborative activities often involve
parsing out to different partners the research and development of specific compo-
nents of large systems or cooperating on the accomplishment of a specific mission
originating either at NASA or in a foreign space agency. NASA’s partners provide
specific components to NASA, and the final product is incorporated into a larger
system, spacecraft, or mission. Each of the international partners expects to benefit
from the scientific data generated by the cooperative efforts.

Because of the nature of its international cooperative R&D activities, NASA research
does not produce jointly held invention-based intellectual property. NASA scientists
co-author scientific papers with their counterparts from other countries, but, accord-
ing to NASA, this activity rarely translates into patentable activity. The NASA Admin-
istrator files, on average, 110 patents per year,? of which some are held jointly be-
tween U.S. citizens and foreign researchers who have worked in the United States on
NASA-sponsored research.

Department of Defense (DoD)

The Department of Defense devotes a significant amount of funding to ICRD, $450
million in FY95, but the intensity of ICRD activities is low compared with its FY95
R&D budget of $36 billion. The ICRD counted in this inventory was limited to those
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Figure 3.7—Agency ICRD Funding, Excluding NASA Funding

3This number is some fraction of the patents that result from NASA-sponsored work. Under U.S. law,
contractors who invent a new product or process may retain rights to an invention for the purpose of
commercializing this invention, even if it is developed with government money.
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activities classified by DoD as 6.1-6.3, which are roughly equivalent to the OMB’s
basic and applied research and development categories.* The low level of DoD’s
ICRD intensity may be due largely to the absence of a mandate for DoD to conduct
R&D jointly with other countries, in contrast to that of NASA or the National Science
Foundation. The Department of the Army leads other DoD units in its commitment
to international cooperation, with over $240 million in ICRD spending, followed by
the Air Force, the Navy, and the Advanced Research Projects Agency. The Ballistic
Missile Defense Organization, the Defense Nuclear Agency, and the Department of
the Navy also commit approximately $1 million each to international cooperation.

DoD’s international cooperative activities are dominated by a number of large con-
tracts (more than $10 million) granted to foreign companies or research institutes to
conduct R&D on large systems, such as missiles and space systems. In addition to its
contracting activity, DoD laboratory-based researchers undertake joint scientific re-
search with foreign counterparts for scores of small projects. DoD ICRD joint efforts
were conducted primarily with researchers from the United Kingdom, Australia
(satellite system development), Russia, Israel, and various European countries.

DoD has entered into hundreds of bilateral agreements to conduct joint research.
The Department of the Army alone has over 300 letters of intent and memoranda of
understanding about international scientific cooperation or agreements to share
equipment with other nations.> Between 1991-1996 DoD’s ICRD resulted in the fil-
ing of at least 12 patents with the U.S. Patent and Trademark Office.

Agency for International Development (AID)

The Agency for International Development’s mission includes conducting R&D with,
and for the benefit of, third country partners.® Accordingly, we included all of AID’s
FY95 R&D funding of $313 million toward the ICRD inventory. AID spends the bulk
of its R&D money, $162 million, on global issues such as infectious disease, disaster
prevention, and environmental issues. Spending on research with, for, or in Africa
represents the bulk of AID’s regional spending ($73 million), followed by spending in
Asia ($25.5 million), Europe/the Commonwealth of Independent States (CIS) ($22.5
million), and Latin America and the Caribbean ($20.7 million). AID does not break
down its budget below these broad categories, nor are project descriptions available,
so additional analysis of AID activities was not possible for this study.

National Science Foundation (NSF)

Among the government agencies, NSF has by far the most varied and extensive sup-
port for projects with an international component. While the total amount of funds

4The Department of Defense reports seven stages of R&D to OMB as part of its accounting for the $36
billion: 6.1-6.3 correlates with the OMB definition of basic, applied, and development. 6.4-6.7 accounts
for testing, evaluation, and design activities.

5The summary table in Appendix A lists the legislative authority for this activity.
5The summary table in Appendix A lists the legislative authority for this activity.
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being spent on projects featuring scientific cooperation, $220 million, does not ap-
proach NASA or DoD levels, NSF’s activities represent 10 percent of that agency’s
FY95 R&D spending of $2.2 billion, making NSF a highly I[CRD-intensive agency.”
Moreover, in terms of total numbers of projects, NSF exceeds most other agencies.
NSF funds hundreds of small grants to researchers taking part in collaborative re-
search, technical data exchange, or conferences with foreign researchers. NSF re-
ported 15 bilateral ISTAs with foreign countries to the Department of State in 1995.
When scientific projects were conducted on a binational basis, major collaborators
on NSF-funded projects were Russia, Japan, Germany, France, Canada, India, and
the United Kingdom. Since 1991, NSF’s ICRD activities have resulted in the creation
of at least 10 reported inventions.

In addition to funding grants that support ICRD, NSF funds the operation of four
centers that serve as focal points for international research: the National Astronomy
and Ionospheric Center, the National Center for Atmospheric Research, the National
Optical Astronomy Observatory, and the National Radio Astronomy Observatory.
These centers house researchers from around the world and provide data that sup-
port the work of scientists in dozens of countries. NSF’s contribution to “big science”
projects includes funding ocean drilling and polar research.

Within the NSF directorates, Geosciences leads other directorates in funding projects
for international collaborative functions, awarding grants of over $28 million to in-
ternational activities, an amount representing 7 percent of total R&D funds for this
directorate. Geosciences supports large international projects such as ocean drilling,
global climate change, and scores of smaller projects on earthquake sciences and
seismology.

The Directorate on Social, Behavioral & Economic Sciences follows closely behind
Geosciences in total commitments to projects with an international component, in
large part because this directorate contains the Division on International Coopera-
tive Scientific Activities, a division of NSF with FY95 R&D spending totaling $15.8
million. Mathematical and Physical Sciences also contributes significantly to ICRD
activities, devoting more than $12.5 million to international research in physics
alone. The Directorate on Biological Sciences spends nearly $10 million on interna-
tional environmental and biological studies.

Department of Energy (DoE)

The Department of Energy (DoE) spent $180 million in international cooperation on
high-energy physics, nuclear waste containment, and energy storage and generation.
DoE’s ICRD spending is a small portion of its FY95 R&D budget of $6 billion. DoE’s
official report to the Department of State on bilateral cooperation cites 54 interna-
tional science and technology agreements to conduct ICRD in effect in 1995. The
agency'’s international office reported to RAND that DoE has active more than 500 in-

"This amount also does not include capital investment projects that NSF has funded in other countries,
nor does it include education and training moneys spent on international projects, since these
expenditures are not accounted for as R&D.
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ternational science and technology agreements at the treaty and subtreaty level. Un-
like most other agencies, DoE has statutory authority® to enter into executive level
cooperative agreements, such as those supporting ICRD, without requesting ap-
proval from the Department of State. When DoE projects involved just one other na-
tion, Japan, Russia, and Germany were DoE’s largest partners. DoE’s official ICRD
activities since 1991 have resulted in at least 23 patentable inventions.

Within the departmental programs, High Energy and Nuclear and Plasma Physics
programs committed the largest amount to projects involving international cooper-
ation, at about $20 million. These programs include commitments to the Interna-
tional Thermonuclear Experimental Reactor, a large international fusion research
project.

Among DoE’s contract laboratories, 13 list programs or projects that involved coop-
erating with foreign researchers or research institutes. Due to the nature of DoE’s re-
search, there may be additional international cooperative activities not captured in
this inventory—for example, foreign scientists often spend months or years at DoE
labs, but these activities would not be counted in this inventory. In addition, DoE
laboratory scientists may be working with foreign partners on specific unreported
projects. Among the projects we identified at the labs, Argonne National Laborato-
ry’s research base had the largest number of projects with foreign partners, with co-
operative research programs accounting for more than $35 million. Sandia (ICRD—
$22 million), Lawrence Livermore (ICRD—$24 million), and Pacific Northwest
(ICRD—$15 million) Laboratories also had significant international cooperative re-
search activities.

Department of Health and Human Services (HHS)

Among the agencies of HHS, the National Institutes of Health (NIH) spends the
largest amount on projects involving international collaboration and cooperation.
Other HHS agencies participating in ICRD are the Centers for Disease Control (CDC)
and the Agency for Health Care Policy and Research. In 1995 HHS reported 61 exec-
utive-level agreements for conducting bilateral research to the Department of State.
In addition, the agency annually signs scores of letter agreements with foreign gov-
ernments to exchange information and equipment.

NIH’s international cooperative programs and projects total more than $110 million
in FY95 R&D funds. Included in this total is the FY95 R&D funding of $14.2 million
for the Fogarty International Center to support a range of international cooperative
research projects, conferences, and educational activities. Among the institutes, the
top five ICRD spenders are the National Cancer Institute (ICRD—$22 million), the
National Heart, Lung, and Blood Institute (I(CRD—$13 million), the National Institute
of Allergy and Infectious Diseases (ICRD—$13 million), the National Center for Re-
search Resources, and the National Institute of Child Health and Human Develop-

8The summary table in Appendix A lists the legislative authority for this activity.
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ment (ICRD—$6 million). These institutes are also among the top eight institutes in
NIH’s funding in the FY95 budget.

The ICRD spending figures for NTH do not necessarily include the amounts spent on
the activities in which foreign scientists take part in NIH laboratory-based research.
In 1995, NIH hosted more than 3,000 foreign scientists as visitors or guest researchers
to conduct research. Recall that unless the program reported international coopera-
tion as a principal focus of research, it was not counted toward the total inventory.
Accordingly, all of NIH’s international collaborative activities are not represented in
the inventory total.

CDC spent close to $15 million of its $217 million FY95 R&D budget on international
cooperative projects. In addition to direct spending on ICRD, CDC provides reim-
bursable support to other countries on infectious diseases and epidemiology that is
only partly reflected in the $15 million total. The Agency for Health Care Policy and
Research also spent about $2 million on ICRD activities.

HHS researchers collaborated most often with researchers representing Canada,
China, Japan, Israel, and Europe. Since 1991, HHS-sponsored intramural ICRD has
resulted in the filing of at least 10 patents.? Extramural research, which accounts for
about 80 percent of NIH’s R&D funds, has resulted in hundreds of patents held by
private and university-based researchers, an unknown number of which may be the
result of international cooperation.

Smithsonian Institution

Although not a government agency, the Smithsonian Institution received a direct ap-
propriation of $136 million in FY95 federal government R&D funds, of which a signif-
icant portion went to support ICRD projects and the operation of laboratories for the
conduct of cooperative research. In consultation with Smithsonian staff and on ex-
amination of Smithsonian’s budget, we estimate that the Smithsonian committed
about $30 million to ICRD in FY95. The majority of this funding was spent in the
Smithsonian’s Science Programs, specifically the Smithsonian Tropical Research
Institute, located in Costa Rica, and in the International Environmental Science Pro-
gram. The Smithsonian also funds an international center for research and devel-
opment and maintains the Canal Zone Biological Area Fund in Panama—both cen-
ters of international scientific research. The Smithsonian has registered with the De-
partment of State two executive-level agreements to conduct joint scientific activi-
ties.

IPatent applications list the current address of the inventor. In an uncountable number of cases, foreign
researchers residing in the United States listing a U.S. address and participating in NIH research have co-
filed patents with U.S. citizens. This makes counting foreign co-inventors very difficult. Thus, the number
of patents resulting from ICRD conducted in NIH labs is almost certainly understated.
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Environmental Protection Agency (EPA)

The Environmental Protection Agency participates actively in the Global Climate
Change project to facilitate international scientific data exchange and cooperative
research. In FY95, EPA devoted $26 million to ICRD, of which $25 million was dedi-
cated to some aspect of global climate change research. This activity was managed
largely by EPA’s Air Quality division. The Toxic Substances and Water Quality divi-
sions also sponsored ICRD activities. In 1995, EPA reported to the Department of
State that it had 24 ISTAs in place. Over the past six years, EPA has registered three
patents that resulted from international cooperative research.

U.S. Department of Agriculture (USDA)

The USDA has an extensive international program that includes ICRD activities
sponsored in or with other countries. In FY95, the USDA sponsored about $7.5 mil-
lion in international cooperative research activities through five bureaus: the Coop-
erative State Research, Education and Extension Service; the Forest Service; the For-
eign Agricultural Service; the Animal & Plant Health Inspection Service; and the Agri-
cultural Research Service. The majority of USDA support took the form of grants to
university-based researchers and technical support funds for international coopera-
tive research. In 1995 the USDA reported 30 ISTAs to the Department of State. When
USDA projects were conducted on a binational basis, those countries that accounted
for the greatest dollar amount were Mexico, Russia, New Zealand, and Israel.

Department of Commerce (DoC)

The Department of Commerce has a comparatively modest FY95 R&D budget—$1.2
billion—of which $4 million was devoted to some form of international cooperation
activities at the National Institute for Standards and Technology (NIST) and the Na-
tional Oceanic and Atmospheric Administration (NOAA). As for the NIH, this
amount understates the total international cooperation and consultation between
NIST and NOAA researchers and their foreign counterparts. NOAA’s ICRD activities
account for the bulk of the Department of Commerce international cooperative ac-
tivities. NOAA spent close to $2.5 million on ICRD in FY95. This funding contributed
to global climate change research, ocean drilling research, and hurricane research.

In contrast to the small amount of funds spent on ICRD, the Department of Com-
merce reported to the Department of State the largest number of international sci-
ence and technology agreements—299—of any of the R&D-sponsoring agencies.
These ISTAs are memoranda of understanding with other countries to conduct data
exchanges. In addition, DoC ICRD spending was the most productive of any R&D
agency, accounting for 33 patents from 1991 to 1996—the most of any agency exam-
ined in this study. The patents resulting from international cooperation sponsored
by DoC were mainly registered by scientists from NIST.
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Other Agencies

Smaller federal R&D agencies also conduct ICRD or share scientific data as part of
their science and technology program. In FY95 the Department of Veterans’ Affairs
sponsored about $2 million of ICRD in its Medical and Prosthetic Research division.
The Department of the Interior (Dol), which had 102 ISTAs!0 in effect in FY95 with 46
countries and two regions, committed R&D funds of about $380,000 for ICRD in
earthquake sciences and hazard prevention. In FY95 the Nuclear Regulatory Com-
mission, which reported 73 agency-level ISTAs with 32 countries and two regions for
the 1995 Department of State Title V Report, contributed $12,000 for international
nuclear safety research.

MECHANISMS FOR CONDUCTING ICRD

The majority of government-funded R&D—between 50 and 90 percent depending
upon the agency—is performed under government contract or grant and takes place
in laboratories outside of the government. Contractors and grantees tend to be in
the private and academic sectors, thus the majority of federally supported ICRD is
conducted by private or academic researchers. Other parties conducting ICRD are
government agencies, such as AID, and government employees, such as NIH re-
searchers who have foreign collaborators.

ICRD is funded in five ways: (1) through program based activities, such as research
within NASA labs that support an ICRD program; (2) through awards—contracts,
grants, and cooperative agreements; (3) by funding and maintaining the operation of
centers for international research, such as the Smithsonian tropical research center
or NSF’s atmospheric lab; (4) through funds provided or reimbursed by foreign
countries, such as funds provided to a foreign researcher to participate in a U.S. Geo-
logical Survey project or funds paid to the Centers for Disease Control to conduct
infectious disease testing side-by-side with African research scientists; and (5) funds
paid in remission of debt held by the United States, such as the P.L. 480 funds avail-
able for USDA research with India. The way in which the government funds ICRD
reflects the nature of the benefit that the government expects to receive from the ac-
tivity. This is discussed in detail in the next chapter.

10Dol international agreements largely covered the installation of the global seismographic network
(GSN), an FY95 $20 million government investment in a network of seismic monitoring sites being paid for
by the National Science Foundation and the Air Force. Capital investments like the GSN are not included
in government R&D spending data.



Chapter Four
A FRAMEWORK FOR ASSESSING BENEFITS

An assessment of outcomes that is designed to provide feedback in real time requires
that government policymakers and program managers develop and apply meaning-
ful and dependable measures. In the past, R&D has been assessed ex ante, using peer
review or cost/benefits analysis, or ex post, using bibliometric measures or technical
review. These measures were valid at the two ends of the spectrum, but tools to as-
sess ongoing activities and performance (as required by GPRA) have not been well
developed, in part because there has not been much demand for them and in part
because scientific activity is so difficult to measure. Nevertheless, R&D activities by
law now must attempt to apply quantitative measures, in part to defend the use of
scarce federal funds. Providing a framework within which to apply available mea-
sures to real-time assessment is the challenge addressed here.

This study tests two important assumptions: first, that ex ante and ex post measures
of scientific activity can be adapted to ongoing research and, second, that to apply
these measures, the character and the goals of the research must first be made ex-
plicit. This study further seeks to test whether the character of the research reveals
the goals of the activity. Benefits expected from ICRD are often not stated up front
but may be implicit in the character of the research and the type of research mecha-
nism (i.e., collaborative technical support and so on) chosen to fund and conduct the
research (i.e., contract, grant, U.S. government laboratory). When goals are made
explicit, the reasons and types of cooperation can help enumerate the expected
benefits. Once it is known what benefits are expected, it may be possible to craft
measures to determine whether the nation is reaching its goals and receiving the ex-
pected benefits.

Assessing the benefits of ongoing ICRD requires matching the reasons and types of
ICRD with appropriate measures. Available measures, generally used to report the
outcomes of R&D—when placed in the proper context—can provide real-time, usable
information about the benefits of ICRD. This chapter describes a framework for
identifying specific measures that can assess the benefits of ICRD and describes the
results of a case study testing this premise.

DEFINING MEASURABLE BENEFITS

This study has identified a number of characteristics of ICRD that can help shed light
on expected, measurable benefits. These include (1) the mission of the funding
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agency; (2) the character of the research (collaboration, conferencing, etc.); (3) the
reasons for choosing ICRD (large scale, global nature, etc.); and (4) funding. The
funding mechanism chosen by an agency—grant, contract, cooperative agreement,
or program-based activity—reflects the benefits that government expects to derive
from the activity:

* Grants and technical support are intended to benefit the receiving party; no di-
rect product or service is expected by the funding agency. NSF grants to re-
searchers promote the conduct of science, not to meet technical specifications of
an NSF mission, but to advance excellence in science. USDA grants or aid to
Brazilian soybean farmers directly benefits Brazil, with an indirect benefit (lower
cost products, perhaps) accruing to the United States.

* Program-based, contract-supported activities are done for the direct benefit of a
government’s mission-oriented program. Activities such as the manufacture of
satellites is often conducted under contract for DoD or NASA to meet their spe-
cific technical needs.

* Under a cooperative agreement, both the government and the cooperating party
expect to benefit from the activity. University-based efforts under a cooperative
agreement to create an international science database for the government is an
example of a case where both sides benefit from government R&D funds dedi-
cated to a specific project.

In general, ICRD is funded, not to promote international cooperation, but to meet di-
rect and indirect and long- or short-term goals of the funding agency. In Figure 4.1,
the agencies funding ICRD are notionally arrayed along an axis of benefits and goals
on one hand and time on the other. Agencies are placed on a discrete point along the
axis based on a subjective judgment of the character of that agency’s ICRD. Pointers
suggest a trend in either the indirect or the long-term nature of that agency’s activi-
ties. This illustration suggests ways to think about which agencies have programs
that would benefit from enhanced quantitative assessment of ICRD. Clearly, differ-
ent assumptions of how agencies, or different programs within agencies, conduct
ICRD could change that agency’s place on the axis.

* Inthe first third of the benefits/time axis, where ICRD projects have a short-term,
direct benefit, government agencies often use contracts or intramural research as
the method of funding ICRD. In these cases, ICRD is conducted to meet a direct
need of the government, for example, the development of a satellite, a prosthetic
device or a component for a flight simulator. Government expectations, and no-
tably, the ways to measure the results of these activities, are usually explicitly
stated in the contract and quickly measured and evaluated on the basis of the
product received.

* In the distant third of the benefits/time axis are technical support activities or
grants that may pay off either far into the future, or may never pay off in the
sense of creating a measurable outcome. These activities include AID or USDA
grants that support foreign scientific, technological, health, or agricultural re-
search or development, which have little or no direct benefit accruing to U.S.
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citizens or a government agency, or in some cases, even to the United States, ex-
cept perhaps in the form of political good will. Because of the indirect nature of
the benefits and the generally long time period it takes to produce results, bene-
fits in this far area are extremely difficult to measure. Governments usually un-
dertake this type of activity for reasons of principle, for strategic political reasons,
and to support human rights. Defining measures for these activities may not be
possible or realistic.

In the middle third of the benefits/time axis are activities designed to produce a
benefit to the U.S. government or U.S. citizens. This is the field we explore in this
chapter of the report—where measures can provide some insight, but where
benefits have rarely been measured in the past. It is in this middle third that
many of the questions of accountability will be discussed in the public forum,
and where agencies will need to present new data under emerging government
requirements for outcome-based management. Activities in this tier are domi-
nated by grants but can also include intramural, extramural, and contract-sup-
ported research.

MEASURING OUTCOMES

In the process of conducting research and development, researchers create products.
The products can be new knowledge published in conference journals, a scientific or
technical product such as a new chemical catalyst, or a commercial product such as
an electronic sensor. The creation of new knowledge and its use by others create
“footprints” that provide a way to track the benefits of research and development to

Expected benefit to U.S. government
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science, the economy, the nation, and international relations. The footprints—arti-
cle citations, patents, product sales, international conferences—can be documented
to varying degrees, depending upon the nature of the “product.” When compared
with expectations or the performance of similar activities in the same or other fields,
a measure of the footprints can provide feedback to policymakers and program man-
agers.

Measures of the results and outcomes of research and development can paint a pic-
ture of how well a program or project is meeting its goals, and thereby producing
benefits for the United States. The “proper context” for using these measures almost
always requires a quantitative report of the quality and benefits of research, along
with the quantitative measure of footprints. Measures of the output and outcome of
research and development are difficult to apply across the board: not all measures
will apply in all situations. Measures must be matched to the nature of the activity
being assessed.

A FRAMEWORK APPROACH

In an effort to describe measures for ICRD, we have developed a framework to iden-
tify first the benefits and then the measures that may shed light on the extent to
which the United States is receiving these benefits. The framework developed for
measuring the benefits starts with the four broad reasons identified earlier for con-
ducting ICRD: (1) the very large scale of the equipment or investment required to
conduct a project; (2) the global nature of the subject; (3) the location of unique ex-
pertise or natural resource; and (4) a miscellaneous category, where it is the agency’s
mission to support international cooperation. For each of these reasons for funding
ICRD, projects are crafted to achieve the government’s mission. To simplify the list
of cooperative projects, we boil these reasons down to four basic types: (1) collabo-
rative research, (2) technical support for a U.S. project or for a foreign S&T project,
(3) operational support of a facility to conduct international cooperation, and (4)
standards and database development.

At the intersection of the reasons for conducting international cooperation in R&D
and the types of cooperation, a list of expected benefits can be enumerated. Arrayed
in a matrix, these reasons and types of projects provide the opportunity to identify
the nature of the benefit that the government expects from funding ICRD. Once we
identify benefits, we can more easily match measures to the nature of the activity
being measured. Tables 4.1 and 4.2 present the benefits implied by the government
funding at the intersection of the reasons and types of cooperation.
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TOOLS FOR MEASUREMENT

Tools available to track and monitor research and development projects, and by ex-
tension, ICRD activities, fall into four broad categories: (1) bibliometrics, (2) mile-
stones, (3) surveying, and (4) technical judgment.!

*  Bibliometrics is the technical name for a range of analytical methods using pub-
lished materials (books, reports, patents, software, designs, prototypes, and
blueprints) to develop descriptive statistics, multidimensional analyses, and
graphical representations of the output of science. Bibliometrics can take a
number of technical data sources for analysis, including the following:

— Publication counts
— Citation counts

— Co-citation analysis
— Co-word analysis

— Scientific mapping.

« Milestones. Scientific or technical projects often establish “milestones,” or
achievements, expected over the course of a project. The project team can map
these milestones against actual achievements, thereby providing useful informa-
tion about the outputs of an ICRD project.

« Technical Review. Technical or expert review is the most widely used approach
in research evaluation, both in the United States and around the world. In the
United States, technical review varies among agencies, from very informal as-
sessment processes to highly structured retrospective quality control mecha-
nisms. Within one review, then, the process transforms the descriptive judg-
ments of peers into quantitative ratings, which can be compared across projects
to identify those that need improvement.

«  Survey Methods. Traditional survey methods—either on paper, in person, or by
phone, where a group of participants or stakeholders are asked to provide re-
sponses to a set of questions—are often used to assess the benefits or outcomes
of research.

The differences among the agencies and the range of the nature and character of re-
search and development in the various fields of science and technology make it diffi-
cult to craft and recommend measures that will apply equally to all areas of ICRD. A
range of measures must be considered. Under NASA programs, for example, pro-
grams tend to fall within two broad categories: scientific data exchange and techni-
cal cooperation. Neither of these types of activities require a great deal of scientist-

1 We do not include a discussion here of the social returns to research and development because this
method is used to assess the benefits of R&D on a broad scale, not at the program or project level. Fora
full description of social rates of return analysis, see Steven W. Popper, Economic Approaches to Measuring
the Performance and Benefits of Fundamental Science, Santa Monica, Calif.: RAND, MR-708.0-OSTP, 1995,
and Caroline S. Wagner, Techniques and Methods for Assessing the International Standing of U.S. Science,
Santa Monica, Calif.: RAND, MR-706.0-OSTP, 1995.
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to-scientist collaboration. NSF projects, however, tend to involve close collaboration
among researchers. Each type of research and development activity, as well as the
reasons for the research and the expected benefits, must be considered in crafting
measures.

In addition to helping the program officer identify measures that might apply to a
specific program, this framework may also be useful to the executive-level policy-
maker negotiating international agreements. By referring to the framework, the poli-
cymaker can identify measures that he or she may wish to “build in” to international
agreements to help monitor how well projects under these agreements are meeting
the goals laid out by the governments and cooperating parties.

A CASE STUDY ON EARTHQUAKES AND SEISMOLOGY

To test the ability of the framework approach to provide measures to track activities
and provide feedback on benefits, RAND conducted a case study of international co-
operative research and development in earthquake sciences and seismology. This
subject was chosen because of the active nature of U.S. cooperation with other
countries in this field, because of the growing importance of disaster preparedness
and relief, and because activities in this area range from collaborative research pro-
jects, to technical support, to sharing data and equipment. In the process, RAND de-
veloped useful data about earthquake sciences and seismology, but the principal
goal of this case study was to see if it is possible to use the framework to identify
measures that provide feedback to policymakers on the benefits of ICRD.

Focusing on earthquake sciences and seismology, RAND used the RaDiUS inventory
and other sources to first identify the full range of international cooperative activities
being pursued by U.S. government-funded scientists. Second, we examined goals
established at the interagency level for cooperative research and development activi-
ties. We analyzed these data to identify the type of cooperation being pursued, the
countries involved, and the nature of the activities.

Based on the framework and RAND’s review of the nature of the research, expected
benefits and possible measures for this activity were identified. Expected benefits
can be classified as access to subject of study, leveraging scarce funds, reducing
global hazards, and access to foreign data and equipment that will allow research to
proceed that might not otherwise have been possible. Based on what we viewed as
workable measures, we decided to test three:

*  Bibliometrics: A citation survey of papers authored jointly by U.S. and foreign re-
searchers in 1985 and 1995 on the assumption that, since cooperative research
has increased, jointly authored papers would increase.

e Survey: A participant survey, asking researchers to what extent foreign partners
contributed resources, either financial or in-kind, to the project.
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»  Expert judgment: Experts reporting on the technology standards that dominate
equipment used in joint research to determine the extent to which the United
States is leading other countries in technology development.

Then, using this framework, we identified two reasons for ICRD cooperation: the
global nature of the subject and the very large scale of equipment or nature of in-
vestment. Earthquakes and tremors occur every day all around the world. In a num-
ber of countries, seismographic equipment measures these faults and tremors and
produces scientific data. Collection of this data analysis of trends provides the basis
for international cooperation. In addition, large, expensive “shake tables” provide an
experimental field to generate different types of earth shaking at varying intensities
so that scientists can measure the effect of tremors on building structures. Japan and
the United States have the two most advanced shake tables in the world. The two
tables have complementary research capabilities and so are shared by researchers
from both the United States and Japan as well as researchers from around the world.

Measures we identified as appropriate for collaborative research on global subjects
and for large-scale research were considered. In this case study, we focused our in-
quiry on measuring the benefits of collaborative research and standards setting be-
cause these activities dominate U.S. government-funded ICRD in this area.

Bibliometrics

A citation survey conducted for this study used two scientific bibliographic services
to identify papers on subjects that reflected one or more terms on a list developed for
this part of the study. The research contained in these bibliographies was limited to
basic research. The survey showed that papers jointly authored by a U.S. scientist
and a foreign scientist rose to 585 papers in 1995 from 379 in 1985, even while fund-
ing remained constant in real terms. More joint papers were multinational in au-
thorship in 1995 than in 1985. When papers were written by only two authors,
Japanese researchers were the most likely collaborators, followed by Russian and
Chinese, respectively. Data does not exist to compare the amount of R&D funds
committed to earthquake sciences and seismology in 1985. Anecdotal reports from
scientists indicate that total U.S. dollar funding for this research may have been
higher in real terms in 1985, although ICRD may have claimed a smaller share of the
funding than it did in 1995.

Survey

In a survey of one-fourth of the principal investigators associated with ICRD projects
researching earthquakes or seismology, RAND found that, on average, the foreign fi-
nancial contribution equals the U.S. contribution. In three-fourths of the projects
surveyed, investigators reported either financial or in-kind contributions to the co-
operative project. Of these projects reporting a foreign contribution, 47 percent had
a foreign contribution that exceeded the U.S. contribution; 35 percent had an equal
contribution from both sides; and 28 percent had a foreign contribution that was less
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than the U.S. side. The highest leverage of funds was for research projects with
Japan.

Expert Judgment: Standards

In an informal survey of experts on the standards that guide the development of
seismology equipment, U.S. companies and research labs are setting the standard for
80 percent of the essential research equipment used in this field. In the area of
building codes and local safety standards, while U.S. building and safety standards
are often studied by foreign officials and researchers, the United States is not setting
the world standard—in large part because building and safety codes are locally de-
termined based on specific terrain and urban design. These standards are difficult to
export to other parts of the world.

Qualitative Findings

During the course of the survey, researchers reported that, as a result of government
funding and the existence of S&T agreements to encourage earthquake research, they
had been able to establish excellent ongoing relationships with foreign scientists.
During their research, U.S. scientists and engineers report meeting key foreign re-
searchers, leading to opportunities to share data and conduct additional joint re-
search. Joint papers often resulted from these activities. Moreover, both U.S. and
foreign students were trained as a result of these projects. These activities have
helped U.S. researchers stay at the state of the art in earthquake and seismological
research, according to several researchers.

LESSONS LEARNED

The tools used and the data collected for this case study give a good picture of bene-
fits accruing to the United States as a result of participation in ICRD. The case study
did not succeed in identifying these benefits with existing data—new data collection
through survey methods was required to get a full picture. Moreover, quantitative
measures appear to be enriched by the qualitative reports received during the course
of the survey, providing a fuller picture of the benefits of research.

One of the goals of this case study was to test whether unobtrusive methods are
available to gather data on the benefits of ICRD. Indicators or output measures that
are already collected or readily available would reduce the need for special studies to
estimate how well ICRD is meeting goals and could provide a continual monitoring
mechanism. Unobtrusive measures are important because, once investigators are
asked to report on specific aspects of research, these factors tend to become the
“goals” toward which researchers strive. This case study did not find that unobtru-
sive measures will provide a full picture of benefits, at least not at this time. A survey
of principal investigators was necessary to identify the extent to which projects were
leveraging foreign financial contributions. Additional data collection may help to re-
duce the extent to which direct surveys are required.



Chapter Five
CONCLUSION

International cooperation in research and development is an important activity to
the U.S. government: Billions of dollars are spent on a rich and varied set of interac-
tions every year. The nature of the activity—diverse locations, variety of topics, mul-
tiple goals—makes it difficult to track spending, assess the benefits, and ultimately
defend the activity to Congress and the American public. Moreover, the disconnec-
tion between agreements signed at the executive level of government and the actual
commitment of funds to collaborative research makes it difficult to know what the
United States has promised to fund and what ICRD is actually being conducted. Fi-
nally, the dearth of well-developed measures for ongoing research complicates ef-
forts to describe the benefits of these activities. This chapter discusses the positive
and negative implications of this disconnection and briefly describes possible ap-
proaches to improving government’s ability to track ICRD spending and assess
benefits.

SCIENTIFIC OPPORTUNITY VERSUS POLITICAL EXPEDIENCY

The ability to describe the benefits of ICRD to the American public and its congres-
sional representatives is particularly important given the opinion of some that inter-
national cooperation provides aid to foreigners at the expense of U.S. science, or that
the interests of “good science” are subjugated to political interests. To test or refute
this assertion, an effort must be made to describe actual, ongoing R&D activities and
measure the benefits of these activities. The inventory of actual ICRD spending con-
ducted for this study found a rich and varied amount of ICRD taking place across
many agencies. Also, the case study suggests that the United States may be receiving
significant benefits from this type of activity.

In the course of examining actual ICRD activities, we found little to support the idea
that ICRD is primarily another form of “foreign aid.” Quite the contrary, we learned
that ICRD is primarily aimed at fulfilling the mission of the sponsoring agency, not to
fulfill an international agreement. U.S. government agencies tend to guard their
R&D funds jealously: Program managers do not spend dollars for the sake of political
expediency. Given that most R&D spending decisions are made at the program level,
and to the extent that ICRD is a part of that, this suggests that U.S. government
funding for ICRD, on average (and perhaps better than average), is funding good sci-
ence. Moreover, nothing in our research indicates that the interests of science and
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the interests of politics are in conflict. Certainly, federal agencies conduct ICRD to
achieve multiple agendas, among them, scientific opportunity, technical efficiency,
and strategic benefit. ICRD serves all three goals:

* Government grant-making activity funds scientific researchers seeking to gain
access to an important global or foreign scientific resource or to collaborate with
a leading foreign researcher.

e Government improves technical efficiency by cooperating with other countries
on projects in which each country produces a piece of a larger system and coop-
erates in its final production.

* The government works with other countries to contain nuclear waste, to reduce
pollution, to alleviate suffering and the spread of infectious disease, in a way that
serves strategic and political needs.

Some ICRD provides only indirect or long-term benefits to the U.S. taxpayer; even in
these cases, cooperation enhances the U.S. science base by increasing scientific
knowledge and access to resources and data. The case study on earthquake sciences
and seismology examined a number of projects that had only indirect benefit to U.S.
citizens. However, the United States is leveraging foreign research dollars and
greatly increasing new knowledge created about earthquakes. This benefit will
eventually accrue to citizens in enhanced disaster preparedness. Another example
might be efforts by AID to contain infectious disease in Africa. U.S. citizens benefit
only indirectly from this activity, but U.S. researchers learn a great deal about the eti-
ology of infectious disease in ways that will benefit the United States.

Failure to follow through on ISTAs signed between the United States and other coun-
tries paradoxically provides evidence of the relative absence of conflict between sci-
entific opportunity and political goals. If an agency does not see scientific advantage
to cooperating with another country, that agency often does not follow through on
an executive-level government-to-government agreement to fund research. Most
agencies report that scientific or technological opportunity determines whether a
project will be funded, not whether it is required by an international agreement.
Many agencies report that an umbrella agreement to cooperate with another country
in a specific area of science would play only a minor role in the decision to fund re-
search.

Indeed, government officials report that agency-level agreements, rather than
“umbrella” or framework agreements, often result from joint identification of an op-
portunity for mutual benefit. While these projects are not always implemented—re-
search is risky, after all—agency-based agreements may be an indicator of scientific
opportunity in many cases.

BRINGING ICRD WITHIN THE FOLD OF INTERNATIONAL SCIENCE AND
TECHNOLOGY AGREEMENTS

While the government currently maintains hundreds of agreements to conduct
ICRD, not all scientific cooperation takes place under a government-to-government
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agreement. Some agencies keep careful track of what activities fall under which
agreements, but not all agencies limit projects to those that have signed agreements.
Moreover, contractors and grantees, being several steps removed from the govern-
ment’s diplomatic concerns, are sometimes unaware that they are working under a
bilateral or multilateral S&T agreement. For cases in which intellectual property is
created or trade or other disputes arise, ignorance about the regulations governing
ownership, licensing, and royalties can have significant implications for where the
intellectual property is commercialized. Moreover, for cases in which additional or
new activities are being negotiated, it would be helpful to decisionmakers to have a
map of where existing activities are occurring.

It may be useful to policymakers and agency officials to set a baseline to determine
which R&D activities take place under ISTAs, and which take place outside them.
Then, as agencies fund additional activities or sign new ISTAs, they could report this
information on a Web page or other electronic repository. Given the advances in
computer networking, this type of data collection should be relatively easy. These
data would be very useful to U.S. and foreign researchers looking for opportunities to
cooperate with others.

Continually refining our understanding of how best to measure ICRD will help to im-
prove the efficiency and effectiveness of these activities. In addition, asking re-
searchers and program managers how they would assess the effectiveness of ICRD
activities would provide useful input to the process of collecting data and assessing
progress.

IMPROVING DATA COLLECTION

To better track ICRD, link it to ISTAs, and measure benefits, improved data creation
and tracking are needed. Data are available to assess the benefits of ICRD. Collected
efficiently, placed in proper context, and combined with qualitative testimony, these
data can provide usable information to help decisionmakers track benefits and com-
pare the returns on one activity against others. The framework suggested in this re-
port provides a way to select measures and organize the data to streamline the as-
sessment of and perhaps ultimately defend international R&D cooperation.

Improved data, provided in a timely way, would greatly enhance the ability of pro-
gram managers and policymakers to monitor ICRD. The relevance and availability of
the measures suggested in this study should be improved and additional ones should
be developed. In the process, priority should be given to less intrusive measures,
such as bibliometric publication and citation data and milestones, so that measure-
ment does not unduly influence the choices researchers make when conducting
ICRD projects. Given that these unobtrusive measures are scarce, additional re-
search and development is needed to refine indicators and to suggest the best meth-
ods for collecting and aggregating measures.

Program managers and policymakers may wish to work at the agency level to develop
a system of “signposts” that report on outputs and that track the relevance of those
outputs to the scientific and technical community. This could include periodic re-
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ports on the excellence of ICRD taking place in a particular field. Bibliometric tools
can count the number of jointly authored publications relative to U.S.-authored pa-
pers and the relative frequency of citations of jointly authored publications. Gov-
ernment agencies such as the DoC National Technical Information Service and gov-
ernment contractors such as Scientific Citations, Inc. could be tasked to refine mea-
sures of the outputs of ICRD, to craft signposts of progress, and to make these data
more consistently available to government offices.

Two additional actions could improve ICRD data and, thereby, government monitor-
ing. First, agencies should add a request for measures to international project plans.
Many agencies are already developing these measures and collecting these data in
response to GPRA and other government accountability practices, but the measures
collected at the agency level will not aggregate to the interagency level. A request to
periodically provide these measures to the NSTC could help to create the data for
interagency comparisons. Second, periodic review or continual data monitoring of
international science and technology agreements should be requested. This data can
be collected by the agencies, or by a technical agency such as the National Technical
Information Service. The data can be aggregated at the NSTC level to provide feed-
back on the extent to which ISTAs are reaching their stated goals.

IMPROVING DATA ON SPENDING

Information about the benefits of ICRD accruing to the United States would provide
input to agency and NSTC-level funding decisions. However, a method needs to be
developed to track ICRD spending over time. This study examined only one fiscal
year, 1995, of government ICRD spending, and the data collection and analysis pro-
cess were labor intensive. Providing a monitoring capability of ICRD year-to-year
would require one of the following:

¢ The easiest approach would be to collect yearly R&D data on ICRD-intensive
programs. Analysts would be able to take a percentage of spending (say 4.5 per-
cent, to track with RAND’s finding of ICRD’s 4.5 percent of all R&D spending) as
representative of ICRD spending. The summary table in Appendix A contains a
list of relevant bureaus. The outlines in Appendix B list the relevant programs.
Such an approach would provide an approximate figure of ICRD activities, but it
may miss significant changes and subtle shifts that take place from year to year.
Moreover, it would not allow the cross-agency comparisons that provide input to
the assessment framework.

* Asecond option would be to reproduce every few years a cross-cutting inventory
like this one. This approach would provide useful snapshots of activities and a
trend analysis, but it would not provide data to allow decisionmakers to track ac-
tivity and make key interventions in programs that are showing significant
promise or are lagging expectations.

* A third and more time-consuming, but ultimately more comprehensive, ap-
proach would be to ask agencies to “tag” ICRD activities for the purposes of bud-
geting and reporting. This would allow tracking over time, would show trends,
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and would allow analysts, program managers, and policymakers to aggregate the
data for the purposes of cross-cutting analysis. A tagging system could also pro-
vide a way for agencies to identify which activities take place under international
science and technology agreements, and within this category, which of these ac-
tivities may produce scientific results or intellectual property of commercial
value.
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Table A.1

Breakdown of Agency Support for ICRD

Number of Int.I: Number of
i . Number of

Bureaus FY95 R&D Budget ;gF:\?AZfde::l:g itua::;::y to Sci & Tech Int.l Sci & Use (Circ-175) Inventions
Agency Supporting (K) Total and By Identified b Engage iyn Int' Bilateral Agrts i Tech Agrts State Dep. Resulting from

ICRD Bureau Y 929 . Reported Title | Reported to : Approval Process ICRD

RAND (K) Cooperation
A RAND

GRAND TOTALS $ 63,986,000 : $ 3,129,614 585 64
Agriculture $ 1,375,000 | $ 7,525 : Yes 3

Agriculture

Research $ 666,000 : $ 9

Service

Animal and

Plant Health

Inspection $ 19,000 : $ 10

Service

Cooperative

State Research,

Education and ! $ 419,000 : § 2,485

Extension

Service
Foreign

Agricultural $ 1,400 : $ 1,784

SOIVIC e

Forest Service | § 200,000 : $ 3,237
Commerce TOTAL $ 1,183,000 : $ 4,167 86 not reported Yes 33

Main ;22 USC 2656d (a)i 1 not reported Yes 7

i15USC Sec. |
National {2901, 16 USC
Oceanic & iSec. 1801, 49
i ’ t rted Yes 0
Atmospheric | ° 549,300 : $ 3167 1sC Sec. 1463, | 53 not repo
Administration {83 USC 1121, 33 §
: {USC Sec. 833 B s R
Census i'$ 5400 | $ o 3 i not reported Yes 0
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Table A.1— continued

. Number of Int.l: Number of
Bureaus FY95 R&D Budget |/ Spending - Stawutory Sci& Tech | IntiSci& | Use (Circ-175) :‘n‘;';'::;:sf
Agency Supporting (K) Total and By P Y . Bilateral Agrts: Tech Agrts State Dep. Resulting from
ICRD Bureau Identified by Engage ".‘ Int't Reported Title | Reported to | Approval Process 9
RAND (K) Cooperation v RAND ICRD
NIST $ 623,000 | $ 1,000 |18 USC 273 and 23 not reported Yes 26
NTIA $ 4,600 : $ - 5 5 Yes 0
22 USC 2767, 10
Defense TOTAL $ 36,335,000 : $ 465,196 USC 2350A-at, 53 not reported No 12
10 USC 3013
Advanced
Research
Project $ 2,732,000 : $ 71,068
Technical
Support 1 b E
Ballistic Missile
Defense $ 2,468,000 : $ 42,059
Organization
Defense
Nuclear Agency $ 255,000 | $ 5,479
22 USC 2767, 10
osD $ 1,923,000 : $ 1,030 :USC 2350A-at, 17 not reported No 0
10 USC B018 1
22 USC 2767, 10
Air Force $ 12,057,000 : $ 98,566 :USC 2350A-at, 10 not reported No 0
10 USC 3018 1
22 USC 2767, 10
Army $ 5,481,000 : $ 243,057 :USC 2350A-al, 7 109 No 6
...... 10 USC 3013
: 22 USC 2767, 10
Navy $ 8,695,000 i $ 3,936 :USC 2350A-a1, 19 not reported No 6
10 USC 3013
Defense
Environmental
Restoration and; $ 215,000 : $ 1,278
Waste
Management : o E
Energy
...................... conservation 200000 LY
Energy Supply 18 1,963,000 : § 10,547 ¢
Fossil Energy $ 383,000 : § 142
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Table A.1— continued
" Number of Int.l: Number of
f
Bureaus FY95 R&D Budget ;gi%:‘::::’:g ituattr:‘;‘r’l'y © Sci&Tech | IntiSci& | Use (Circ-175) fn‘:,'::tel;?s
Agency Supporting (K) Total and By ier ty . Bilateral Agrts i Tech Agris State Dep. .
Identified by Engage in Int'l 9 Resulting from
ICRD Bureau . Reported Title ;| Reported to | Approval Process
RAND (K) Cooperation ICRD
\ RAND
General Science
and Research $ 700,100 : $ 21,580
Activities
LORD (Lab | i
directed
Research and $ 190
DO B O ) &y
Materials
Support and
Other Defense $ 880,000 : § 200
Programs
Uranium H
Enrichment $ 2500 © 8 4,236
WFO (Work for
Others) ... s X 27e8
Labs $ 128,633 !
EPA s 584,000 | § 617 24 not reported Yes 1
Research and ;
Development $ 349,000 | $ 26,117 ; :
Health and Human » E
Services TOTAL $ 11,412,000 : § 122,547 - 61 not reported§ . 9
i 3
$ 225350 i § 14,303
3 188,000
________ $ .....10,698,000 i 8
Agency for ;
Health Care H
Policy and $ 139,000 : $ 2,642
Research H
) 43 USC 31b, 43
Int ’ : 0
nterior $ 681,000 : $ 384 Use 7701 102 56 Yes
UsGs $ 384 i
NASA $ 1,939,785 42 USC 2540 60 : 0

‘8 9,078,000

:Sec. 205

' Yes




Table A.

Breakdown of Agency Support for ICRD 49

1— continued

Agency

Bureaus
Supporting
ICRD

FY95 R&D Budget
(K) Total and By
Bureau

ICRD Spending
on Awards as
Identified by
RAND (K)

Statutory
Authority to
Engage in int'l
Cooperation

Number of int.l
Sci & Tech
Bilateral Agrts
Reported Titie
\

Number of
Int.! Sci &
Tech Agrts

RAND

Reported to

Use (Circ-175)
State Dep.
Approval Process

Number of
Inventions
Resulting from
ICRD

Aeronautical
Research and
Technology

$ 1,204,000

3$ 837

Mission to
Planet Earth

$ 1,394,000

$ 782,121

Space Access &

Technology.

783,000

222

Space Science

3 1,986,000

576,915

Space Shuttle

79,500

Space Station

$ 2,026,000

n 1eH H L &P

467,471

National Science
Foundation

$ 2,145,000

$ 220,780

42 USC 1862, 42
UsC 1870, 42
USC 1872,

15

Biological
Sciences (BIO)

$ 301,000

$ 12,759

Yes

Computer &
Information
Science &
Engineering
(CSE)

$ 231,000

$ 2,246

Education &
Human
Resources
(EMR)

$ 107,000

$ 2,851

Engineering
(ENG)

$ 320,000

$ 6,137

Geosciences
(GEQ)

$ 403,000

$ 28,451

Mathematical &
Physical
Sciences (MPS)

$ 629,000

$ 16,686

National
Astronomy &
lonospheric
Center

$ 7,820

National Center
for
Atmospheric
Research

$ 58,380
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Table A.1— continued

Number of int.li Number of
i i . Number of
Bureaus FY95 R&D Budget | 'Ch0 Spending ;Statutory Sci&Tech | IntISci&  Use (Circ-175) p
. on Awards as Authority to R : Inventions

Agency Supporting {K) Total and By \dentified b E e in Int'l Bilateral Agrts i Tech Agrts State Dep. Resulting from

ICRD Bureau “ y ngage ir Reported Title ; Reported to | Approval Process

RAND (K) Cooperation H ICRD
v ; RAND

Nationai Optical. :

Astronomy $ 26,690

Observatories
......................... National Radio

Astronomy R 28,870

Observatory ST OOOIss SOOI S SN SO

Social,

Behavioral &

Economic $ 100,000 | $ 22,682

SCENCES (SBE) | oeooeeeoeeeeeeeee e ceeeeeeseeeee oo eeeee oo eeeeeseeeseesene e sesesssssss et e

U.S. Polar

Research

programs (DPP, $ 55,000 i $ 7,209

OPP)
Nuclear Regulatory $ 86,000 | § 1o {Atomic Energy 73 60 Yes 0
Commission ¢ Act

Reactor Safety ;

Research $ 71,000 | § 12 i
Smithsonian is 132,000 | § 29,150 1 2 No 0

Arts &

Humanities

Programs (S&E $ 19,000 : $ 600

_____ . Account)

Canal Zone

Biological Area

fund (Sep. from § 150 : § 150

S&E Account)

Other Programs

(S&E Account) | ° 51,000 : § 354

Science

Programs 3 63,000 : $ 28,043

. 1usc 126, | .. b 0
State AlD $ 314,000 : $ 313,951 22 USC 256d 52 Yes
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Number of Inl.lé

H Number of
: i . Number of
{Bureaus FY95 R&D Budget ;ﬁi&j‘r’g::'s“g it:’t":’;‘r’;y | Sci&Tech | IntiSci& | Use (Circ-175) invantions
Agency Supporting (K) Total and By \dentified b E X‘ Intl | Bilateral Agrts i Tech Agrts State Dep. { Resulting from
ICRD Bureau entitiec by ngage in Reported Title | Reported to ; Approval Process D
RAND (K) Cooperation : H ICRI
v { RAND H
Africa $ 73,000 : $ 73,343
Asia/Near East | $ 26,000 : $ 25,528
Europe & Newly
Independent $ 22,500 : $ 22,500 :
States H
"""""""""""""""""" Global 162,000 : 5 162,049 &
Latin America
............................ Garibbean. . 18 ZNO00 S RO ek
Policy, Program.
tand $ 9,800 | $ 9,773
Coordination
Transportation i $ 661,000 ;| § - 149 USC 31 28 not reported Yes 0
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Federal Organizations Active in Specified Area - Qutline Ralits ™

Glossary RaDilis
of Terms Information

View by " v )
Fed Org Award/Task Dowrlaad

pan’} or
or {'brazil

rangirion for o

e (VDY
gsearch Laboniton

*‘\"’ 'ah g :
Food An
Red River
*g;;::fx.:e,.i 1eIK
Aauntic Weed Control Research Laboratory (FLFort La
Aguatic Weeds C
Level 4 YNTOTS)
Crop Prok
E Biocont
?.‘ rergn Diseas
Frut

Le*’e‘ii 3!

it

Level 4 Jg
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IEXEERE Range Weeds and Cereals Research Laboratory {M1/Bozeman)
Scuthern Crops Rescarch Laboratory (TX/College Station)
Sovbean and Nitrogen Fixation Research Laboratory (NC/Raleigh
U.S. Hortcultural Research Laboratory (FL/Orlando)
R;%zanh on_soil, water .md air sclences
Natural Resources Research Center (CO/Fon Collins 4+
Southwest Watershed Research Center (AZ/Tucsen
Animal & Plant Health Inspecton Service
Extramural awards
C ooperative State Research, Education & Extension Service
aidad Animal health & disease research
T VN - Minnesot
NM - New Mexico
\h Intire-Stennis cooperative forestry
ﬂ_gmr onnecueut
ME - Maine
NC - North Carolina
NH_- New Hampshire
Pakaid NM - New Mexico
NY_- New York
National research initiative
- L tramural awards
Payments to 1890 coes & Tuskewee (Bvans-Allen)
MD - Marviand
Pavments under the Hatch Act
AL - Alabama
A - California
[kidld (O - Colorado

Level 4 SUNICINEIN

2

HI - Hawan
1A - Jowsy
ID- um

KS - Kansas
M1 - Michigan
MN - Minnesow
MO - Missouri

NE - Nebraska
addlid NM - New Mexico
OR - Oregon

PA_- Pennsyvlvama
JRRRE SD - South Dakols
TX -Texas

UT.- Utah
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VA - Virgini;
VT .- Vermont
WA - Washington
WY - Wyoming
Special research grants
{Small business innovative rescarch!
Foreign Agricultural Service
Bl Fores: Service
8 Exoramural avards
-

) Blgsechn{s ogy
Elsctfemcs z’md Electrical Engi

infamural ;wsdr;ix for measurement & engineering research & standards

Adv ans:cd ‘Tuhnﬁlmr\r Pmtmim
Materi

National Qggamt. & Aim(zxshem h\dmxmstmaun

Fisheries development program

h}fe ation collection & analys

mmw

('::mtc i

Level 2 ( ()3 0 ol ;
1155 - Phenomenology P{aﬂ, ram
9 2259 - ACES/ADP
Pm -t umber uns

a@ov sC
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Project number unspecified
0603 Tifﬁi - Theater Missile Defenses
1106 - Sens Stud & Exp
1206 - Advanced Tmd Weapons
21047 - GROUND-BASED RADAR
2209 - ARROW/ACES
3201 - Architecture & Studies
) - Test & Eval Support
Project number unspecified
0603217C - Ballistic Missile Defense Tech
1106 - Sens Stud & Exp
1209 - Endo Tech
1307 - DEW Demo
2104 - GBR
[Nakdlad 3201 - Architecture & Studies
3300 - Test & Eval Support
[Raiald 0603218C - Research and Support Activities
[Rkalled 3200 - Test & Eval Support
Project number unspecified
!,'}6(}386 1C - Theater High-Altitude Area Defense System - TMD - Dem/Val
2260 - THAAD
(‘f:vLR?s&i}C CORPS Surface-to-Air Missile = TMD - Dem/Val
060%7 1C - \‘almnai Missile Defense - Dem/V
1151 - Sensors (Active and Passive)
1155 - Phenomenology Program
0603872C - Other Theater Missile Defense/Follow-on TMD Act Acq - Der/Val
Bkl 1204 - UAV Boost Phase Intercept

2259 - ACES/ADP

2104 - (,Bg

2207 - Patriot

2208 - ERINT

2213 - Sea Baged TMD Int

3300 - Test & E\ al SuQDor‘!
‘wiscv Theater Missile D - ‘

2104 - 0604225C RDT&E Theater Missile Defense Ground Based Radar (TMD-GBR)

2207 - 0604225C RDT&E PATRIOT ONLY

2213 - 0604225C RDT&E Sea-based Theater Missile Defense capablity

CR&DAS D{‘fensc: Agencies

Dﬁﬂi 0601101E - Defense Reseamh Sciences

Project punber unspecified
0602301 i

“orpmunications Tee
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' - Tactical Technology
meu t number unspecified

Lé*réi% 0602712F - Materd

5 & Flectronics Technology

L umber unspecified
Gﬁf}ﬁ"f% - }\t’u;mz Eval. of Major Innovative Tech
EE-24 - ASTOVL/CTOL
& EE-27 - Advanced Space Technole
0603569 - Advanced Submarineg T 0

AS-01 -

P.520 -1
emr’ : - Advang
MT-0
Progecl
31 a;nw Information Systems Agency
(?*U 01 19K - JvDefense Info Systems Engineenng & Integration
165 - Cincusacom Support
T606 - CINCATE C4 Integration
0303126K - Long-Haul Communications (DCS)

vy Program

Gy

v of Fxc
ber unspecitied

LE“*H {"‘f? - Defense Switched Network (DSNDefense Information Svstermn (DIS) Technology

ieﬂlz Defense [rnec{i".ﬁi 2 Szrvice

Level 2 RN

Nuclear Agency
O602715H - Defense Nuclear Agency
[Sidhd AC - Weapon Svsterns Lethality
AD - Biomedical/Lifesciences
AF - Weapon Systems Operabibity
Project number unspecified
k2 060371 1H - Verfication Technology Demo
CC - Chernical Weapons Convention Technology
CD - Yield Measurement Technolosy

(L—( oope

rative Threat Reduction

il?l" B:52 Samdwm

4235 - Have Lite Study
0102325F - Joint Surveillance System

2976 - Joint Surveillance System (JSS8) Connectivity
(G 010241 1F - North Atlantic Defense Systemn

3159 - CARIBBEAN BASIN RADAR NETWORK (CBRN)
0102412F - North Warning Systems (NWS)

2710 - North Warning System (NWS)
0207129F - F-111 Squadrons

1332 - F-111 Crew Escape Module Parachute Replacement
H (207133F - F-16 Squadrons

2671 - ¥-16 Sguadrons
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02074 11F - Overseas Air Weapon Control Svstem
2704 - EIFE
D"ﬁ 417F - Airborne Warning and Contro] Svstem (AWACS)
Badled 1111 - Airborne Warning & Control System
0303110F - Defense Satellite Communications System (SPACE)
2638 - DSCS
0305 164F - NAVSTAR Global Positioning System (USER Equipi (SPACE)
3028 - Navstar Global Positioning System User Equipment
0305 182F - Eastern Space Launch Facility (ESLF) (SPACE;
4137 - Range Standardization and Automation (RSA)
0305909F - Ballistic Missile Early Warning System (BMEWS)
2622 - Ballistic Missile Early Warning Systern (BMEWS)
0601 101 F - In-House Laboratory Independent Res
Project number unspecified
0601102F - Defense Research Sciences
2301 - Physics
2308 - Si
2309 - Terrestnal Sciences
2310 - Atmospheric Sciences
2311 - Space Scieng
2312 - Biclogical Sciences
2313 - Human Performance
4113 - Science and Engineering Education Programs
Project number unspecified
0602 101F - Geophysics
4643 - [ONOSPHERIC SPECIFICATION
7659 - AEROSPACE SYSTEMS TECHNOLOGY
EE 0602102F - Materials
2423 - Electromagnetic Windows and Electronic Matenals
Level 3 Nyank ; g ight Dynamics
2402 - Vehicle Equipment
2403 - Flight Control
2404 - Aeromechanics
Project number unspecified
H&O""O"F Armstrong Lab Exploratory Development
1123 - Manpower, Personnel, and Training Technology
7184 - Human System Interface Technologies
71755 - Aircrew Selection and Standards
7757 - Radiation Hazards in Agrospace Operations
0602204F - Aerospace Avionics
2000 - Acuive Electronic Countermeasures
2001 - Electro-Optical Technology
2004 - Ranmamamu&tnka ‘Eiu{ro—(?mml Sensors
ES {}b()"i’(hF Civil Engineering & Environme g
2673 - Air Base C)mr&b;lstx Techm%mx
0602302F - Rocket Propulsion & Astronautics

59
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{}f‘& {;Uif‘ Phillips Lab F\;r:nmuﬂ Development

0603245F - Flight Vehicle Technology Inteeration
2568 - Air Vehicle Technolo
akdld 0603253F - Advanced Avionics iﬁtcjﬁf:}{ il

2733 - Advanced Reconmuissance/Sirike Radar
0603401F - Advanced Sp;xcccmfi Technology

3 :
6821 - C\i\ e me or md Th
06034108 - S
2822 - Space BEnvironmer izi ha‘;pgif{ Tests
f?ﬁt’f)‘iéf}‘* - \ ivapced R Technology
3151 - High Power Semiconductor Laser Technology
3152 - High Power Microwave (HPAM
0603723F - Environmental Fngmneen
2104 - Air Base O fbl iy Advanced Techno
3037 - Noise and 8
QE0I790F - NATO rescarch & Deve
2] 5603R00F - Joint Advanced Strike Techno
Level3 0604212F - Ajrcraft Equipment Development
1926 - AIRCRAFT WINDSHIELD DEVELOPMENT
0604222F - Nuclear Weapons Support
5708 - Nucl
G_QJ;E;%?F' - Specialized Underoraduate Pilot Training
4228 - T-3A Enhanced Flight Screener (EFS
06042658F - Aircraft Fngine Component Improvement Program
Aircraft Engine Compo
f}f:f‘léfiéil - Civil, Fiee, Epvironmental
_:‘Nl Tacucal Shelters
Hibi 727 - Joint Stapdoft
OO0 - Jomt Standoff Weapons {(ISOW)
A fﬁP Small B
Pmlﬂ t nm?&ha? HASH d
0605708 gation/Radar/Sled Track Test Support
3 - Adreraft Navigauon 8
0605807F - Test and Evaluation Support
Proiect number unspecified

hnology

ng Tech

logy

aoy - Demy/Val

1 Venfication
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De 3}1:‘9@;}{ of the Army
&3 02037354 - Combat Vehicle Improvement Programs
D280 - Recovery Yehicle Improvement Program (IRV)
E2 0203740A - Maneuver Control System
D484 - Maneuver Control System
0203801 A - Missile/Air Defense Product Improvement Program
D036 - PATRIOT Product Improvement Program
D303 - STINGER-RMP Product Improvement Program
0203802A - Other Missile Product Improvement Programs
D304 - Army TACMS Pre-planned Product Improvement Program
020803 1A - Joint Biological Defense Program
DBD! - Joint biological Defense - Non-Medical
DBD?2 - Joint Biological Defense-Medical
0303142A - SATCOM Ground Environment
D253 - Defense Satellie Communications System-Defense Communications System
(DSCS-DCSHPHASE 1)
g‘gz()} 101A - In-House Laboratory Independent Research
AQ1C - In-House Laboratory Independent Research - Medical Research and Development
tommand
Level Z ¥¢%0 ! ooy e
A305 - Aammgm Target Rt:{. penition Research
A31B - Night Vision and Electro-Optics Regsearch
ATIA - Research in Chemical Warfare/Biological Warfare Defense
A751 - Department of Defense Dependent Schools
AF20 - Rescarch i , i
AF22 - Research in \shtgu ar Mublhi i
AH40 - Signals Warfare Laboratory

AHJ‘\ - Air \iabx ity

AiHS‘ Comm&;mm{mﬁs Rcs;.mh
\
AHS1 - Combat Support

AHS3 - Fumnmcn% for the Soldie

/\{“‘

| AT24 - Snow Ice 'md Frozen Sml

wgmm:m
B74F - Pemmn»i Puﬁmm
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# BHST - Scientific Problems with Military
BHﬁ - Envi wental Resenrch - Army Matenel Con
Leveld Brixetil Maaii;ir\' Pollurants and Health H f
B 5515 - Science B i
BS12 - Science Base/
BSi3 - Science Base/Medical Research Infecticus Disease
BS14 - Science Base/Combat Casualty Care Rescarch
BS1S - Science Base/System Health Hazards
BS16 - Science Base/Combat Dentistyy Rase
BS?" - N ular Biolosy/Military HIY Research
BT25 - Environmental Research - Corps of Engineers
DH41 - NEUROSCIENCE CENTER
:wmma Materials Technology
AHS4 - Marerials
nn@“i*m Sensors & Electronic Survivability
iadidied A 140 - Hish Power Microwave (HPM) Technology
AH1S - Ground Combat Identification (ID) Technology
AHI16 - Sensors, Signatures, Signal and Information Processing (831 Technology
AH25 - Nuclear Effects Survivability Technology
LevelZ (3&)22? JA - EW Technology
Ad42 - Tactical Electronic Warfare Technology
AB06 - Tactical Electronic Warfare Techniques
Q{*{P 303A - Missile Technology
AZ214 - Missile Technology
‘DC(}J« - Smart Mumition Technelogy Management
0602618A - Ballistics Technology
AHS0 - Ballistics Technology
AHS1 - Amor/Anti-Armor MOU
{')6{'}"67"‘ A - C’hem@al Smoke & Hauip Defeating Tech,
AS51 - NUCLEAR BIOLOGICAL CHEMICAL SURVIVABILITY
AS53 - Fhem;sdb"ﬁiokwudi (CB) Defense & General Investigations
0602709A - Night Vision Technology
DHO5 - Night Vision and Electro-Optic Technology
(}ﬁ(}.? 716A - Human Factors Engineering Technology
AH70 - Human Factors Engineering Systems Development
Level3 ﬂ-(ﬂ)}?"%’};'—\ Emamnmmml Umim Technology
06()7?8 A - Command, Cemtt‘nl ('Ynmmunk,dimns Tech
A779 - Comum oL(C2) - :
AHC) C‘ommunua ons Tuhi‘i{‘:[@g\
%H‘ﬂ Combat ‘§un If!:ﬁi" ALK g

)

v
i

ATJU - \Iﬁbilit\ & Weapons Effects Technology
AT42 - Cold Regions Engineering Technology
0602785A - Manpower/Personnel/Training Technology
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AT90 - Pe

xgg
0602786A -

AH98 - Clothing & Equi

L‘WH‘ AHOSY - Tomt Serviges By

Level 4 FpRTRIN Aidrdrop Adve
0602787 A, Medical Ted

ARTO - D rD Medical Defense Agminst Infectious Diseases

AXT3 - HIV Exploratory Research

A87S - Health Hazards of Military Muteric]

AS79 - Medi '

Level 4 A

nology

tors Enhancing Scldier

Frvironmental Medical Unit
873 - HIV Exploratory Research
D3001A - Logistics Advanced Technology
D150 - Fuels and Lubrnicants
242 - Airdrop Equipment
13528 - Acousto-Optc Tunable Filter (AQTE: Technology Demonstration
D343 - Ammunition Logistics
D344 - Cooperative Explosive Safety
D594 - Metrology and Calibration
£ DCO7 - Joint Service Food Technology Demonstrations
DC44 - Tactical Logistics
DIZ8 - Test Measurement Tu,hr ology Development
DXXA - Soldier Survivability
06030024 - Medical Advanced Technology
D806 - Breast Cancer Research
D810 - Industrial Base/Infectious Disgase Vaccines and Drugs
D816 - Field Medical Protection and Human Performance Enhancement - Non-Sysigms
) Advanced Development
0603003A - Aviation Advanced Technology
D313 - Research Alrcraft Svstems
D435 - Aircraft Weapons
D436 - Rotary Wing Controls and Rotors
D447 - Aircraft Demonsuration Engines
DB38 - Tractor Cone
DB39 - Advanced Dl%inhiii*‘d %m‘:uhi{%w
0603053A - Adv: , :
DG23 - ADVANCED COMMAND AND CONTROL VEHICLE
0603102A - Materials & Structure Advanced Technology
D071 - COMPONENTS SCALE-UP
DF33 - CAST DUCTILE JRON COMPONENTS
DJO] - COMBAT ENGINEERING COMPONENTS

Level3

DH"@ - Military HIV Research
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DK 13 - Advanced Communications %kammn Coumermeasures Demonstration
DMG—;’ i tronic rmeasures Tec :
7 DK18 - STINGRAY
0603308A - Arnmy Missile Defense Svs Integration
Project number unspecified
06033134 - Missile & Rocket Advanced Technology
DOSS - DEMONSTRATION OF ADVANCED RADAR TECHNIQUES (DART)*
D206 - Missile Simulation
D263 - The Army Combined Arms Weapon System (TACAWS) Technology
monsiationis)
D271 - Multi-role Survivable Radar
D401 - Insensitive Munitions for Missile Propulsion
D404 - Dual Mode Seeker
D486 - Rapid Force Projection Simulation
D493 - Rapid Force Projection Demonstration
3496 - Enhanced Fiber Optic Guided Missile (EFOG-M) Demonstration
06036064 - Landmine Warfare & Barrier Advanced Tech
D006 - Landmine Warfare Developmen
] D6US - Countermine & Barrier Development
0603607A - Joint Service Small Arms Program
- D627 - Joint Service Small Arms Program (JSSAP)
06036404 - Arullery Propellant Development
DBO] - Unicharge
0603653A - Advanced Tank Armament System (ATAS)
DB99 - ATAS
0603710A - Night Vision Advanced Technology
DEK70 - Night Vision Advanced Technology
DK86 - Night Vision, Airborne Systems
DKR7 - Night Vision, Combat Vehicles
&rsn“‘; A - Soldier Support and Survivability
{)t,{)x‘“;w A - ChenyBio Defense & Smoke AdvTech
DER3 - Chemical Riological Defense Systems Advanced Technology
0603790A - NATO Rescarch & Development
EE 06038044 - Logistics ang HEngincer quszmgm - Ady Dev
Wmm;i op Equi c
DGOL - Combat Engineer F(aumment Adv amed Dng opment
DGO - Advanced Tactical Power Sources Advanced Development
DG11 - Advanced Blectrical Energy Concepts Advanced Development
DG?-’? - Logistics Support Equipment Advanced Developinent
DK39 - General Support Equipment Advanced Development
DK41 - Petroleum, O, and Lubricants {POL) Distribution Equipment Advanc ced
velopient
()b(}%&tﬁ A - Combat Service Support Computer System Evaluation ¢
D246 - Tactical Communications Systems-Advanced Development
0603806A - NBC Defense System - Adv Dev
D601 - NBC Contamination Avoidance Systems
0603807A - Medical Systems - Ady Dev
DS0Y - Medical Biological Defense Drug and Vaccine - Advanced Development

Analysis
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D811 - Military HIV Vaccine and Drug - Advanced Development
06046304 - Advanced Tank Cannon
Skdld DBS0 - ATAC AMMO
B pBs1 - ADVANCED TANK CANNON (ATAC)
0604715A - Non-System Training Devices - Eng Dev
D241 - Non-Svstem Training Devices Combined Arms
0604741A - Air Defense Command, Control and Intelligence - Eng Dev
, D2JT - FAAD.C2 Operational Test
1}604 739A - Major T&E Investment
DO83 - Major Testand E
D984 - Major Technica
HIRE - M Nl
- DCAS - [)lkmbﬁttd Development Simulation Technology
06048004 - NBC Defense System-Eng Dev
D020 - NBC Coptaminanon Avoidance Svstems
DF97 - NBC Decontaminaton Systems
0604807A - Medical Materiel/Medical Biological Defense Equipment - En;
D849 - Infectious Diseases Drug and Vaccine
{3{;{,‘45}45\ - Sense and Destrov Armament Missile - Eng Devy
D644 - Sepse and Destroy Armor (SADARM)
s f{"‘f HU2A - Army Technical Test Instrumentation and Targets
D453 - Technical Test Instrumentation™
D628 - Test Technology & Sustaining Instrumentation
06056044 - Survivability/Lethality Analysis
DOR9 - Alrcraft Certification *
D181 - Antiradiation Missile Counter-Countermeasures
D190 - Inteerated Analysiy
D234 - Close Combat/Fire Support Survivability/Lethalits
D235 - Missile Counter-Countermeasure Technology
D267 - Air Defense/Missile Defense Survivabilitv/ethality
D462 - Technical Vulnerability Reduction
1626 - C4I Survivability
DCI0 - Aviation System Survivabiliny/Lethaliny/Vulperability
PAED 0605 702A - Metcorological Support to RDT&E Activities
- D127 - Meteorological Support to ARL Activities
0605801 A - Programwide Activities

MS8] - RDTE Command/Center/General Administative Support

MAC3 - Ozone Depleting Chemicals Eliminatiorn

A - Maintens and Repair (RPM) - RDT&E
MOYY - Maintenance and Repair - AMC Test Ranges
CRADAS
Department of the Nav
}‘{}4 36N - F/ ’\ 8 qiﬁa«'ireﬁﬂ
E2065
a’méf N-

Protect number ﬁmmuh;d
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0205601N - HARM Improvement

W 780 - Harm Improvement
0205604N - Tactica! Data Links

P1753 - Link Eleven Improvements

P1977 - Navy JTIDS

P2126 - Multifunctional Information In
0205633N - Avigtion Improvements

Leveld RNSSTTANES ;\,ﬁ‘cz“aﬁ Fauipment Reliability & Maintainability Improvement Program

({AERMIP;

Level 4 RUIRES

ribution System

- Atrcraft Engine Compoenent Improvement Program (CIF}

vy Science Assistance Program

0206623M - Marine Comps Ground Combat/Suppornting Armg System
CO0Z1 - Assault Amphibious Vehicle 7TAL (AAVIAL
C1555 - Light Armored Vehicle Program
C1960 - Light Armored Vehicie - Air Defense (LAV-AD)
0206624M - M
\Rhddded (0072 - Combat Clothing and Equipment
(36031 152N - In-House Independent Laboratory Res
ADY. MATLS.
[Level 4 FRyTNTON
QCEAN SCL
Proiect number unspecified
SUST. PROG.
O601153N - Defense Research S
Project number unspecit
06021 1IN - Surface/ ¢ Surve
[Baddkd Surface/Acrospace Surveillance and Weapons Tech
0602122N - Ajreraft Technology
) Adreraft Technology
060213 1M - Marine Co
Maris
0602233N - Re:
Mission Support Techn
{36"?34?(- Muatenals, Electronic
My
[Level 3 FVTIARTEAINE

Unde
spec Warl

Mine Countermessy and Special W
[BRTE 0602435 - Oceanographic & Atmospheric Technology

Oceanegraphic and Armospheric Technol

Project number unspe i
(0603207N - Air/Ocean Tactical App
Project number

ine Corps Combat Services Support

i

Acrosp

1 Force Technology

Corps Landing Force Technology

ps Land

s, Training, Eaviron. Quality Tech

& Computer Tech

Is, Electronics and Computer Technology

a Survetllance Weapon Tech

and Weapon:

Survesl)

Y
A
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%’X’U?: 1ON - Aviation Survivability
W0584 - A/C Protective Clothing and Devices
W0Os92 - AIC & ()rdr;.mu Sainh
Laveld W1277 - Nuclea ¥
7 WI819 - CV A/C Fire Suppression Syste m
0603217N - Air Systems & Weapons Advanced Tech
RO4M7 - Weapons Advanced Technology
R2152 . Advanced Short Takeoff and Vertical Landing (ASTOVL) Demonstrator
W0447 - FLECTROMAGNETIC RADIATION SOURCE ELIMINATION (ERASE)
W215 - Advanced Anti-Radiation Guided Missile (AARGM}
Qﬁf}%"?al’ Precision Strike & Air Defense
R2145 - Precision Strike and Air Defense Tech Demos
0603270N - Advanced Electronic Warfare Technology
E2194 - Electronic Warfare Advanced Technology
O603502N - Surface and Shallow Water Mine Counterimeasures
Project number unspecified
o Q1233 - MCM Improvements
0603506N - Surface Ship Torpedo Defense
V2045 - Joint US/UK SSTD
06035 14N - Ship Combat Survivability
51565 - SHIP D AMAGE CONTROL (ADV)
0603555N - Se:
Q60356IN - A X@Lﬁbmﬁg@& Develop
GKS(B&?‘)N - Conventional Munitions
Paadled S0163 - Insensitive Munitions Advanced Development
L 821 - Uxmemmﬁal Fuzgf‘:& dl‘thd P z
50342 - ELECTROMAGNETIC EFFECTS PROTECTION DEVELOPMENT
0603640M - Marine Corps Ady Tech Demo
adakd C2080 - Weaponry
C2118 - Advanced Engine/Propulsion Technology
&2 0603713N - Ocean Engineering Technology /
MOO99 - Duﬂ Submergence Biomedical Development
060372 e
S 0000 O
0&0:734\7 Navy
RO829 - Energy C@:}x@naﬂeﬂ (ADV)

.

R@??S Mnbll;hf Fuels (ADY)

4 It anced Tec
X1959 - Cmuai Sea "futs (CST

ﬂ)}?@&\f - Warfare Systems Architecture and Engineering
xwﬁ l- wggg E

P oject number uns

» Assgssment
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Lovel3 060 :7{45\ - Gun Weapon }»\, stem Tu 1K

4 aft - Eﬂﬁ f—i{’-;
Hf $B (HARRIER I0)
i,?ﬁé};ji?}{ S-3 Weapon Systemn Imorovement
, H0489 - §-3 WSIP
{}6‘,}42 18N - Air/Ocean Equipment Engineering
R1740 - AIRZOCEAN SURVEY ENGINEERING
O604231IN - Té*{ifk AE vummmd System
Level4 DG '
%m"f CAFX
D2129 - AFX DEVELOPMENT
0604256N - Threat Stmulator Development
) E0602 - Electronic Warfare Enpvironment Stmulation (ECHO)
0604258N - Target Systems Development
A0609 - Aerial Tareet Svstems Development
ADA1O - Weapon Systemns T&E Trainine Development/Procurement
AU{;;} I - Supersonic Sea Skimming Target
®BHE oc04060N - V224
Badahd W208K - MEDIUM LIFT REPLACEMENT
0604270N - EW Development
EO586 - EW Counter Response
E0619 - ASPJ Common Development
E0638 - Airbore Defensive ECM
E2175 - Tacucal Air Electronic Warfare
, RI882 - Data Link Vulnerability Analysis
&SU—ﬂﬁﬁN - Standard Missile Improvements
A0k 10439 - Standard Missile Improvements
U1632 - AEGIS FR (SM-2 Block IV)
IW‘@;N Ship Contract Design/Live Fire T&E
Project number unspecified
{)ﬁg 74N - Navy Tactical Computer Resources
X1976 - Next Generation Computer Resources
0604603N - Unguided Conventional
A2183 - Improved SLAM
[IEIR 11341 - Advanced Rocket System
_GG(M" 10N - Navy Energy ?mﬂmm
DEBE R0371 - Energy Conservation (E
' }47§9\1, - Marine Corps Command/Control/Communications Systems
(’"’()‘s‘\ - Advanced Field Artillery Tactical Data System (AFATDS}
Mﬂ\’ Ship Self Defense
L0167 - 5 Rolling Airframe Missile
U2190 - NULKA Decoy
0604759N - Major T&E Investment

ir-Launched Weapons
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BT 0604777
Xi
as&fv 1 SN
R2
W2
Level 3 RIRILT RN g
RO1S
Level 3 JRTETICINgS
RO835 s
B3RS 0605853N - Manugement, Tkghmuﬂ & International Support
RO11S - Supreme Allied Commander Atlantic ASW Research Center (SACLANTCE!
R}f}’ 5 - Naval Wartare Tacucal Analvss
£ Sci logy Mapage

L:z‘
\

| W0566 - NAVAIR Instrumentation and Material Support
O6US864N - Test and Bvaluation Support
W(653 - Naval Air Warfare Center Weapons Division
va{}‘?\fﬁ\ - Operational Test and Evaluation Capability
RO#Z3] - Operational Test and Fvaluation Force Support
nﬁu‘?‘%m\ Navy S : and Flectronic Warfare (SEW) Support
- i-\(i"“% Navy C4l Top Level Heguirsments
Developmental Test and Evaluation
O{)U‘S 1300 - Foreign Comparative Testing
7 Project number unspecified
Level3 (}féﬁiiii'?-tl - Development Test g:zd Evaluation
920 - Test and Evi J ide Support
Office of the Secretary of Defense
(‘;1;}-‘34 D - Joint Remotely Piloted Vehicles Program
Level 4 RENY) ANNED AERIAL VEHICLES JOINT PROGRAM (UAV1 A,
(;miwﬁ -3 bgram;
P481 - C3 Intelligence Programs
csm; 103D - Univensity Research Initiatives
Pmree.% mfrtzber unspecified

%{m,

h\p oaive l}*‘t&,aﬂ&kwbsne {)?dﬂ wee Disposal
Target Security

Dﬂ!?flﬁh[} Historically Black Coll/Univ Science & Eng.

Project Bumb&r unspecified
-
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P510 - Performance Manage
P511 - Molecular/Cellular Gene Vﬂdu ation
d PS12 - Hazards Analysis
06037140 - Advanced Sensor Applications, Program
MR p 714 AsAP
0603715D - AIM-9 Consolidated Progs
AIM-9 SIDEWINDERA,
%OWI@D Strategic Environmental Res Pgm
P470 - Strategic Env lronmenm] Research and Development Program (SERDP)

Project numbe

71 453 - DOD COMMON PROGRAMMING LANGUAGE (ADA]
1)6(!??9013 NATO Research aﬁd Development
(”}4 71D - Joint Tactical Inmrmdtmn Distribution System
P771 - Joint Tactical Information Distribution System (JTIDS ) - Class 22H2 M
Terminals
P773 - Muld functional Information Distribution System-Low Volume Terminal (MIDS-
ecial Operations Command
1160402BB - Special Operations Advanced Technology Development
P204 - EXPLOSIVE ORDNANCE DISPOSAL FOR LOW-INTENSITY CONFLICT
1160404BB - Special Operations Tactical Syst
1284 - SOF AIRCRAFT DEFENSIVE SYSTEMS
50417 - SEAL SUPPORT SYSTEMS

Level 2]

ems Development

Department of Education
(X3P Higher Education
mme Improvement of Postsecondary Education (FIPSE])

International Edueation & Foreign Language Studies

Department of Energy
EBH crRADAS (Coope

Qggg aLtl\ iilE\
=2 Pollution prevention

E wast

Enééﬁﬂg Conservation

Build' gs Sector
Building equi
ildi

Bm Iding systems. dm"ﬂfgt\i ractices

Energy systems/Process heatine & cooling

Pm{.c&:@ efficiency/Che




Outline of Government Programs 71

Ch\‘imlﬁ.d] saiences - Research
Engineering & geosciences -~ Geosciences research
Extramural awards
Materials scienges -- Research
=2 Biological and environmental research
Environmental processes - Atmospheric chemistry
Environmental remediation -- Terrestrial transpont
Life sciences i
Life sciences -- Genome
Life sciences -- Molecular &
Medical applications -- Radioisotope development
Computational & technology research
f: vironment, safety & health
M Laborato
Fusluﬂ Cnergy
Inertial fusion energy/Heavy ion beams
Magnetic fusion energy -- Applied plasma physics/MFE computing
Magnetic fusion energy - Confinerment sys/Tokamak Fusion Test Reactor (TETR)
Magnetic fusion energy -~ Confinement sys/Tokamak Physics Experiment (TPX}
\grae ic fusion energy -- Co v s/Advang 1
Magnetic fusion energy - Om!m“mﬁn{ sysle m'-,’Basa toroidal
Magnetic fusion energy -~ Develop
Magnetic fusion energy -- Development & technology/Fusion systems studies
Magnetic fusion energy - Development & technologv/Fusion technologies
Magnetic fusion energy - Development & technologv/ITER
Magnetic fusion energy -- Development & technology/Plasma technologies

& carbon cycle

Lwht waler reactors/ L vmmcmal light water reactor
Soviet design reactor
) Space reactor power sysiems

ig,!,;—;g % rengwable energy

Geothermal energy/Geothermal technology development

High temperature superconductivity

Solar & repewable energy deployment/Solar international

Solar thermal/ST electric/Power appligations

Solar thermal/Solar industrial/Solar detoxafication

Wind enerey systerns/Utibity sector/Utility & Industry Program
I miversity & scignce education

Extramural a
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Raadled [ aboratory science cooperative science Cirs

Liniversity programs

f—mnl Energy

P troleum, ceoal, gas & cooperative R&D

Coal -- Advanced clean fuels research/Coal preparation
Coal -- Advanced rescarch & echpology/Compongents
ol -- Advanced research & technology/Tech X-cut/Bio
Coul - Advanced research & technology/Tech X-cut/Coal technology export

Coal - Advanced research & echnology/Tech X-cut/international program support
hddbed Gas - Natural sas research/New gas pem/Exploration & production

(as -- Natural gas research/New gas pgm/Utilization

Petroleum - Ol technalogy/Recovery fis

rocessing of coal

demonstrations

1 O
ddbnd High cnerey tech

Physics research

Nuclear physics

R iiid Low ene roy nuclear physics

B hd Medium eneroy nuclear physics

Nuclear theory

B4 DRI (1.ab Directed Research & Development)

\thm als Support and Other Defense Prosrams

Nonpro

Li“""?m R‘ﬁlmmi MORItONNRE systems

feration & vertficution

Leveld Nuclear safeguards and secunty

Leveld Technology and svstem development/Concept and demonstration development
TL?{E?E{,‘!S(WT and system development/Full scale development
523kd Technology and system deve

spment/Science & wechnology development

[RIQES Special technologies
2add¥d Reimbursables
Uranjum Enrichment

Level 2 RV

Department of Health and Human Services
oy for He (

ons Activilies

Core stockpile stewardship

Core research & advanced technoloey -- Manuficturing technologies
Programs & imitiatives -- Emergency response

Programs & initiatives -- Speg proyEduc/Partnerships

Sadakd Procrams & initiatives -- Stockpile Maintenance Evaluation & Technology

L3RS Procrams & initiatves - Threat assessment & treaty implementation

Level 2 ( Centers for Discase Conirol and Prevention
Natl Instgute for Occupational Safety & Health

LBl N1OSH Extramural awards

Food & Drug Administration
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Bio
maid Product quality control
Transfusion transmitted diseases
Level 4 Viral products
Health Care Financing Administration
National Institutes of Health
‘linical Center
John E. Fogarty International Center
Extramural awards

Research management & support
Lé¥e¥.§ \ iona

Cancer biology, detection & diagnosis
Level 4 FalNtum
(’dme{ prevention & control
NCI reses

“enter for Human Genon

xtramura] awards

National Center fnf Research Rmmmm
Biomedical rese:
Biomedical re aumh tuhnul agy (L\immumh
cum-»w- dicine/Biological models & ma
NCRR Limuai I‘t“'»f.‘dﬂh

RxD Contracts

Vision research (extramural)

National Hun Lung, & Blood Instwic
Heart & vascular diseases {extramural)

LW

ﬁgi_m&gunxmm; for Nursing Rese
ﬁ\tmmuml awards

7 immunolog

Emmugg ral rescarch
ficrobiology &
gg g Contracts
ch management & su

\Ianonal immmt, of Arthritis, Muuulom eml Skm Diseases

\Atlg{}gl Immmg of Child Hea th & Human Dc:\::kmmem
mwm
ad Medical rehabilitation research (ex
Population research (extramural)
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R&D Conirac
Re
#vel 3 \L.m;vnui Insiitute of Dental Resgarch
111,{ ural res I
Oral ses & disorders (extramural}
Leveld ngﬁia}ﬂaﬁ Institute of Diabetes, Digestive & Kidney |
Diabetes, gndocrine

(adiks Diccstive diseases & nutrition (extrapural]

& metabolisin (extramural}

[adadld [ntramural research
Kidney discase, urology & hematology {extramural)
\d{mm Institute of Environmental Health Sc
A
Biolugical response o environmental agents
Biomeuy and nsk cstimation
Intramural research
ri‘r‘i“"?“‘ NIEHS resource & manpower development
R&D Contracts
Superfund worker training program (Funded by EPA, A, DOT and DOE}
gveis N Elnﬁdi hwsigh: of General Medical Sa g
ell biology & biophysics (extramural}
enctics & developmental biology (extramural)
{inonty oppottunities in research {extramural}
Pharmacoloey, physiology & hiological chemistry {extramural)
\aiwml Inat;imcj of Mental Health
ac
immmumi research
M National Institute of Neurological Disorders & Stroke
Biological basis research {extramural}
Le*éM Clinical research {extramural)
Intramural research
National Institute on Aging
Aging research (extranural
4 Intramnural research
Leveld \3 ional Institute on Alcohol Abuse & Alcoholism
Alcohol biomedical & behavioral research (extramural)
Intramural research
*ﬁ“ﬁ National Institute on Drug Abuse
Drug sbuse & addiction (extramural}
Intramural research
National Library of Medicine

Ofﬁr;i: of the Director
Academic Research Enhancement Award Program

logical research and festing

Department_of Interior
Fish & Wildlife Service
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sarch & data acquisition

1 Service

[Level 1 B)TS yartment of Transportafion
F kml Highway Admimstration

Applied research & technology

Le"‘°33 Fundamental properties of asphalt

Highway research. develo

St

Intelligent tran

Office o

LevelZ) z

nent &rechnaolegy

sportation sysiems

Secretary of Transporation

fipn, plant search & development

Leval t Qgp___rimtnt of Yeterans Affairs
Medical & Prosthetic Research

VA Medical Center - { Albany, NY)
VA Medical Center - (Alhuguerque, NM)
VA Medical Center - (Baltimore, MDY
VA Medical Center - (Boise, D)
VA Medical Center - (Boston, MAJ
VA Medical Center - (Brockton, MA)
\'5\ Medical Center - (Bro
VA Medical Center - (Buffalo, NY)
DTS v A Medical Center - (Charleston, SC)
B\ A Medical Center - (Chicaso/Lakeside, 11)
d v A Medical Center - (Cleveland, OH)
\ A Medical Center - (Dailas, TX)
VA Medical Center - (Dayton, OH)
[Basakd VA Medical Center - {Decatur, GA)
VA Medical Center - (Denver, CO)
\ A Medical Center - (Dutham, NC
‘\ A Medical Center - {Gainesville, FL)
VA Medical Center - (Hines, IL)
VA Medical Center - (Houston, TX)
VA Medical Center - {Indianapolis, IN}
6 vA Medical Center - (Towa City, 1A)
VA Medical Center - (Jackson, MS)
\ A Medical Center - (Lexington, KY)
\ A Medical Center - (Lattle Rock, AR}
E] VA Medical Center - (Loma Linda, CA)
VA Medical Center - (Long Beach, CA)
VA Medical Center - (Madison, WD
VA Medical Center - (Memphis, TN}
5 VA Medical Center - {Miami, FL}
H VA Medical Center - (Milwaukee, W)
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VA Medical Center - (Minneapolis, MN)
VA Medical Center - (Mountain Home, TN)
VA Medical Center - (Nashvilie, TN)

VA Medical Center - {New Orleans, LA
VA Medical Center - (New York, NY)

VA Medical Center - (Northport, NY)

VA Medical Center - (Oklahoma City, OK)
3 VA Medical Center - (Omaha, NE)

VA Medical Center - a‘P;ﬁ(i Alo, CA)
\ A Medical Center - (Philadelphia, P/
4 VA Medical Center - (Phoenix, AZ)
VA Medical Cent h )
8\ A Medical Center - (Pleasant Hill, CA)
VA Medical Cepter - {Portiand, OR)

YA Medical Center - {(Providence, R1)
VA Medicai Center - (Reno, NV}

VA Medical Center - (Richmond, VA)
VA Medical Center - (Sali Lake City, UT)
B VA Medical Center - (San Antonio, TX)
VA Medical Center - (San Dicgo. CA)
VA Medical {54 o, O
VA Medical Center - {Sgattle, WA
VA Medical Center - (Sepulveda, CA)
VA Medical Center - {Syracuse, NY)
VA Medical Center - (Tampa, FL}

3 v A Medical Center - (Temple, TX)
VA Medical Cepter - {Tucson, A7)
VA Medical Center - (Washington, DC)

VA Medical Center - (West Haven, CT3

VA Medical Center - (West Los Angeles/Wadsworth, CA)
VA Medical Center - (White River Jet, VT)

VA Medical Center - {Wichita, KS»

Environmental Protection Agency
Research and Development
Air quality
Multimedia research
Radiation
Toxic substances
Water quality

.atmga} ’\erﬁnaunu and_Space Administration
A.L"

Minority university research & education
RS Graduate student researchers program/Underrepresented minority focus
Historically black colleges and universities (HBCLUD
Other minonty universities
i Inderoraduate student researchers progrumyd/Underrepressented minority focus
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Life and Microgravity Science

Aerospace medicine and occupational health

Life sciences flicht program/Centrifuge

Life s "mea flight progranySpace station utilization program
fi mh and anal \\itwR"\f-lﬁh and analysis

EOS data information system

Earth observing system (FOS)

1 ing spectrometer (TOMS)

Trnmgai maiqi measuring mission (TRMM)
8 Modeling & ds

Bi@f’ench'emlstnf & geophysics

Physical climate & hydrologic systems
Payload and instrument development
Process studies

Ecosystern dynamics & biogeochemical cycles

My

SEm_e Access & Technology

Advanced space transportation
Technoloey assessment and development
Space Safety, Reliability & Quality Assurance
Space Scien
] Advanced x-ray astrophysics Tacility development
Discovery development
Explorer development
Mission operations & data anal
Pavlocads & instrument development
Suborbital program
Supporting research & technology
information sysiems
Planetary R&T
Sp;zte physics & astrophysics
Space Trz‘,km! & Data Acquisition

ce

$1S

Levﬁf?- Biological instrumentation & resources (BIR)
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Biological instrumentation & resources - Uther
Datsbases, software development & comp
Instrumentation & instrument development
Living stock collections

Environmental biology (DEB)
Ecology
Ecosysiems studies
Environmental biology - Other
Long-term studies in environmental biology
aidld Syvaematics

%{ > hiology & ncuroscience (IBN]

Animal behavior

oadaled A nimal developmental mechanisms
Computatio
Fcological & evoluticnary phys
Integrative animal biology
i?‘{’;s’f‘ﬁhu biclogy & neurs
4 Integrative plant hiology
d Ncuroendrocrinology
Molecular & celfular biosciences (MCIB)
R Cellular oreunizatio
E:-:k;sry Lie senetics
Met ¢ biochemistyy
M,z 1l gcmciégs
Molecular biochemistry
Molecular biophysics

Leve!-t Signal trapsduction & regulation

al feuroscience

mputer & Information Science & Engineering (CSE)
m( cmputer & computation research (COR)

*“‘99‘4 Number, symbol & geometric comp
( Jperating systems & systems software
Programming languages & compilers
Software engingenng

Information, robotics &
Information technoloey & oreanizations
ktcmc.m Ioteractive svstems
Robotics & machine inte

Microelectronic 1 wation processing systems (MIP)
Microelectric systems architeciure

\‘ Sworking & commpunications research & infrastracture (NCR)

eveld Comm

Leviel4 BSS

- intelligent svstems (R

i

Heence

ations research

an
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ﬂumaa resource development (HRD)
Rescarch, evaluation & dissemination (RED}
] Undergraduate education (DUE}
Engineering (ENG)
Bioengineering & envirenmental systems (BES)
ﬁ Rioengineering & environmental systems - Other
Biomedical engineering
Environmental enginecring systems
ddaind Ocean engineering systems
Chemical & transport systems (CTS)
Combustion & thermal plasmas
Interfacial, transport & thermodynamig Progesses
KJBLII\% & catalysis

"iegar( ation & }?uﬁiikdiinﬁ PIOCEsses

Thermal transport & thermal progesses
Civil & mechanical systems (CMS)
Architectural & mechanical systems
( ivil & ]’ﬂi?ChdﬂiL.ii systems - Other
% — v control
}:arthquakc systems integration
Geomechanical/Geotech & geo-environmental systems
Large structural & building systems
[RkiAld Natoral & man-made hazard mitigation
Siting & geotechnical systems
Structural systems
Structural systems & construction processes
Surface engineering tnbology
Desien. manufacture & industrial innovation (DM, includes SBIR)
omputer integrated engineering
Engineering design
Manufacturing machines & equipment
aterials sssing & manufacture
Production systems
SBIR-Phase |
Directorate-level awards
Electrical & communications systems (ECS)
Electrical & communications systems - Other
Electronic devices
Li chiwave technology
Microelectromechanical research
Neuroengineering
Power systems
(EAAEd Svstemns theory

79



80 International Cooperation in Research and Development

€ mti\g; ences (GEO)
Anmnosphenic sgiences (ATM)

Mol Acronomy
Atmosphe
Atmosphenc s
{9‘%"@ id Climate dynamics program
Large-scale dynamic metgoraiogy
Magn
‘ka le dynamic meteoralogy
Physical meteorology
Solar-terrestral
mn sciences (EAR)
Cﬁmmer;m? dynamics
Fducation & human resources
Skl Geology & paleontology

BIRE Geophy sics
Hydrologic scis
[ Leveld Instrumentation & facilitics
Pctmkw\ & geochemistry

Biological oceanosraphy
Chemical oceanography
Internations} support

Marine geology & geophysics
Dcean - Other

—pT

Ocean special programs

nislry

ces - Other

spheric physics

Advanced texfmulni{le% & instruments
E\lnmlmm astronomy & cosmology
Galactic astronomy

Planetary as

TOnoOMmY

Chemistry LHF

-.
e
Synthesis

0 5o nocgni
i.lan eld ; : v

M4
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Lev &‘4 Con

Mat
Metals. ©
Natio

eniation

Y IHCTS

Computation
Foundatio

Im;m{muuw
Mode
Probabifity
Statistics

Ph\\xu Physics (PHY)
Atomic & molecular physics
Elementary part
Elementary particle cosmic ravs & other
Graviations
Heavy ion nuclear science
Intermediate energy nuclear scignce
Low i}}"{”‘; nuclear science

analvsis

icle accelerator users

Tﬁenf@tugﬁ hx
Level2 ‘imcml Es.h&wnm : Economic Sciences (SBE)
International cooperative scientific activities (NT3
Africa, Near Fast & South Asia
Americas
East Asia & Pacific
Eastern Burope
India
igx_tgmﬁgn_.;l activities -
Japan
Research-foreign centers of excellence
Western Europe
Social, behavioral & economic resgarch (SES)SBR)
E",?V’?I 4 Archaeology
Archasometry
C ultuml m{ﬁmmhg_\
i
Leveld Egﬁnn[mu
m' s & valu
Geography
Law -& social sciences
nguzshcs

ent science

81
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X2EE Methods, measures & stutistics in social seience
SARd Physical anthropology

Political science

““‘*“4 Rescarch on science & technology

madld 1S Polar Research Programs (DPP, OPP)

Nucglear Regulatory Commission
Reactor Safety Research
Reactor regulation

A‘ s & Humanitites s (yluseun e
Arthur M. ‘mg kler Gallery/Freer Gallery of At
Sl Cooper-Hewitt Muscum
National Museum of African Art

¥4 Science Science Programs
lniﬁmatﬂmi environmental s¢ience program
Migratory Birds Center
National Museum of Natural History (NMNH)
Natnonal Zooloeical Park
Smithsonian Astrophysical Observatory

A more detailed report including budget authority and obligation information for all Federal Organizations involved in the
specified activity/area is also available.
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