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In the spring of 2008, scientists and engineers will complete construction of the Large Hadron Collider, a 27-
kilometer underground ring located at the European Centre for Nuclear Research (CERN) in Geneva, Switzerland.
The LHC will be the premier facility for research in elementary particle physics and the world’'s most powerful high
energy physics accelerator. Research at the LHC is expected to lead to a new understanding of science at the
smallest scales ever investigated. Scientists predict that its very-high-energy proton collisions will yield extraordinary
discoveries about the nature of the physical universe. The LHC experiments could reveal the origins of mass, shed
light on dark matter, uncover hidden symmetries of the universe, and possibly find extra dimensions of space.

Because of its unprecedented size and complexity, the LHC project required a new paradigm of international
collaboration, as it involves close to 10,000 scientists and engineers from more than 50 nations. The United States,
with NSF and the Department of Energy support, is involved in the construction of two particle detectors, A Toroidal
LHC Apparatus (ATLAS) and the Compact Muon Solenoid (CMS). Supported by NSF, researchers in over 40 U.S.
universities are involved with the LHC project. The U.S. LHC collaborations are playing an important role in the
development of the new so-called GRID-based cyber infrastructure being used by particle physics and other sciences
requiring massive computational, networking, and storage resources. The GRID technology will enable the
participation of U.S. faculty and students in the transformational discovery potential of the LHC.

Shown on the cover is the ATLAS Barrel Toroid Magnet, so enormous that a human is dwarfed at its center.

Image courtesy of CERN.
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OVERVIEW

National Science Foundation

FISCAL YEAR NS The National Science Foundation proposes a FY 2009 investment of

: ' &% $6.85 billion to advance the frontiers of research and education in
science and engineering. The Budget Request includes an increase
of $822 million (14 percent) over the FY 2008 level. These NSF
investments in new knowledge and talent development are vital to
advance the frontiers of discovery and to ensure that America
remains a global leader in science and technology.

The Administration and Congress have conveyed their clear determination to build on America’s history
of success in leading-edge discovery and innovation through increased federal investments in research
and education as evidenced by the President’s American Competitiveness Initiative (ACI) and the
America COMPETES Act of 2007.

Developments worldwide are driving a new innovation imperative. Knowledge-intensive industries, both
in services and manufacturing, are reshaping the global economy. As was noted in Science and
Engineering Indicators 2008, high-technology manufacturing worldwide has increased its share of total
manufacturing output by 50 percent over the past 20 years. Similarly, knowledge-intensive services
(which include business, communication, and financial services) have grown roughly 40 percent faster
than other services since the mid 1990s.*

NSF Funding by Account
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Research and Related Activities® $4,758.44 $4,821.47 $5,593.99 $772.52 16.0%
Education and Human Resources 695.65 725.60 790.41 64.81 8.9%
Major Research Equipment and

Facilities Construction 166.21 220.74 147.51 -73.23 -33.2%
Agency Operations and Award Management 248.49 281.79 305.06 23.27 8.3%
National Science Board 3.65 3.97 4.03 0.06 1.5%
Office of Inspector General 11.92 11.43 13.10 1.67 14.6%
Rescission required under P.L. 110-161% - -33.00 - 33.00 -100.0%
Total, NSF $5,884.37 $6,032.00 $6,854.10  $822.10 13.6%

Totals may not add due to rounding.

v Funding for EPSCoR was transferred to the Research and Related Activities appropriation in FY 2008. It was previously funded
within the Education and Human Resources appropriation. EPSCoR is included here in Research and Related Activities for all
years for comparability.

Zp L. 110-161 requires the rescission of $33.0 million from prior year unobligated balances.

! National Science Board. 2008. Science and Engineering Indicators 2008. Two volumes. Arlington, VA: National Science
Foundation (volume 1, NSB 08-01; volume 2, NSB 08-01A). P. O-9. www.nsf.gov/statistics/indicators/
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Overview

Continued excellence in fundamental research and education is important to sustain innovation and
sharpen the Nation’s competitive edge. This request upholds the commitment outlined in the ACI to
double investments in three ACI agencies (NSF, the Department of Energy’s Office of Science, and the
Department of Commerce’s National Institute of Standards and Technology) over 10 years.

NSF’s task is to keep scientists and engineers focused on the furthest frontier, to recognize and nurture
emerging fields, to prepare the next generation of scientific talent and leaders, to provide world-class
facilities to advance research, and to ensure that all Americans gain an understanding of what science and
technology have to offer. The Nation’s ability to innovate and compete, its strength and versatility,
depend in part on continued success in achieving these goals.

NSF has identified strategies for FY 2009 to address these challenges. The NSF portfolio aims to
maintain powerful momentum across all fields of science and engineering, support potentially
transformative research, build a world-class science and engineering workforce, and perform effectively
and responsibly, with the highest standards of accountability.

Why Frontier Research Matters

Globalization has amplified the worldwide competition for ideas, for science and engineering talent, and
for leadership in turning new knowledge into real world applications. For the last half century, the U.S.
has held the commanding position in all three areas. Now, other nations are implementing new policies
and stepping up investments in research and training new talent. These global initiatives pose new
challenges for America’s innovation enterprise.

The current pace of discovery is so rapid that identifying potentially transformative ideas and concepts is
essential if our aim is to remain at the forefront of scientific research and technological innovation. The
Nation’s innovation system, key to economic growth and increasing productivity, thrives on the continual
stream of fresh ideas that fundamental research provides, and performs at its best when diverse talent is
engaged and poised to generate the sophisticated solutions necessary to meet the complex and challenging
questions of our times.

America has always been a valued partner in the global arena. The international character of today’s
science and engineering puts a premium on our continued leadership in building collaborations,
contributing to the world’s knowledge and crafting solutions to global problems, as well as learning from
discoveries made elsewhere. These changing global circumstances demand that we take steps to
demonstrate our continued leadership.

Although U.S. expenditures for R&D (estimated at a record $340 billion in 2006) remain the highest of
any nation, new challenges are on the horizon.

U.S. exports of high-technology products have eroded, raising concerns about the Nation's decades-long
comparative advantage in these products. The U.S. trade balance in high-technology products shifted
from surplus to deficit beginning in 2002. Rapidly increasing exports of information and communications
products, particularly from China and Malaysia, account for this deficit.?

2 Indicators 2008, Pp. O-10, O-19.
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FY 2009 NSF Budget Request to Congress

NSF plays an important role in addressing these challenges. Working at the leading-edge of the U.S.
science and engineering enterprise, NSF provides nearly half of the federal investment in non-medical
basic research at academic institutions and supports science and mathematics education at all levels.

Research that Benefits the Nation

NSF investments in research and education have returned exceptional dividends to the American people.
At the same time, new opportunities to make progress in meeting pressing national needs in energy,
health, security, and environment, as well as to resolve longstanding dilemmas of global scope are now
more plentiful than ever before. Just this past year, researchers funded by NSF reported significant results
and launched new initiatives that will keep benefits flowing to the American people and the world.
Examples include:

| 2 Wireless Power Transfer: Researchers from the
Massachusetts Institute of Technology have experimentally
demonstrated an important step for the wireless transfer of power
that could be used for everyday cordless devices, with the
potential to revolutionize the wireless industry and eliminate the
need for batteries. To produce “witricity,” the researchers
coupled two electromagnetic resonators, creating a highly
efficient power transfer. Their design consists of two self-
resonant copper coils, a sending unit, and a receiving unit. The
sending unit is attached to the power source and surrounds itself
with a non-radiative magnetic field. The receiving unit resonates

. . . . Researchers demonstrated that power levels
with the field, producing a strong connection between the tWo  high enough to run a laptop can Ee transferred

units. The team crafted the strongly coupled system through this  over the distance of a room even with objects
interaction, which functioned even when the two objects were
separated by a large distance.

obstructing the sending and receiving units.
Credit: © 2007 Jupiter Images Corporation.

» An Integrated River Science: Investigators are breaking new
ground in quantifying how vegetation interacts with flow rates and
river channel configuration during flood events. By observing,
quantifying and modeling how woody debris reshapes river
channels, the researchers gained guidance for a river restoration
strategy that balances the benefits of restoration to the aquatic
system with the benefits of reducing flood potential. These studies
by an NSF-supported team from the Massachusetts Institute of
ool tas P Technology, Colorado State University, and Stanford University
Q‘i‘-‘.‘-._‘?_‘."-;.f-—"' u_-_,. - ™ e = -

e _ = = 4 give engineers, ecologists, and water resource managers powerful

-

Credit: Jupiter Images tools for mitigating environmental degradation and coping with
extreme floods in river systems around the world.
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» Modeling Brain Activity: How does the brain WNTINgela I - lales-

recognize a face, or remember the route to go home?
These operations are performed not by single brain cells
but by networks of neurons. Researchers at Indiana
University demonstrated that activity could travel through
neural networks in the form of cascades, or "neuronal
avalanches." When plotted on a graph these avalanches
form a straight line, indicating a "power law" function.
Many complex systems, including earthquakes, forest
fires, nuclear chain reactions, and avalanches in sand piles
have been found to obey power laws. Since simulations

storage, this new knowledge could lead to novel design

i This shows a brain segment on top of a microelectrode
Suggest that neuronal avalanCheS can SlmultaneOUSIy array. Superimposed in the upper right are voltage

optimize information transmission and information  signals produced by activity in groups of brain cells.

These signals are connected by arrows to represent a
neuronal avalanche. Neuronal avalanches can also be

principles for artificial neural networks and may  modeled as chain reactions, similar to those seen in

i i i i nuclear fission. This is symbolized by the circles
eventually suggest approaches to improving information connected with arrows in the lower right. Credit: Dr.

processing in human brains. John M. Beggs, Indiana University, Bloomington.

» Social Networks in the U.S. are Shrinking:
< TynisspTRcAatotahine Americans' circles of confidants have shrunk
g o dramatically in the past two decades. The
£ o : percentage of people who say they have no one
£ o A - with whom to discuss important matters has
I - 75 I~ ool tripled, according to an NSF-funded study by
:f o S e / \\ f-j‘ sociologists at Duke University and the University
§ ) A T N of Arizona. This change could signal problems for
g L L T our society. A close network of connections to
i EIES o K@%&@ﬁ S other people creates a safety net for individuals in

& ﬁ\ °§e‘° @Q"“é\a?“ # times of personal trouble. Having at least one
S & connection can affect both physical and mental

e health. =~ These ties are important for the

community too because they often lead to civic

Figure shows the decrease in percentage of respondents with engagement and local political action. The survey
close social tie, by relation type, from 1985 to 2004. Credit: found that the number of both family and non-

Lynn Smith-Lovin, Duke University.

family confidants dropped, with the loss greatest

in non-family connections.

» Infrared Laser System: Increased Screening Sensitivity:
Researchers at the University of Alabama at Birmingham have
developed a powerful system combining three types of lasers that
could detect a wide range of substances in complex mixtures,
including detecting trace gases at the parts per trillion level.
Designed to detect and identify many types of organic molecules, the
system combines high power, low noise, and coverage of the infrared
spectrum that matches a large library of molecular energies. This
"optical nose,” developed with an NSF Major Research
Instrumentation grant, could detect the presence of oil for drilling,
pollutants in the atmosphere, harmful chemical or biological
substances, or signs of the early stages of diseases.

The heart of the Optical Nose is a single-
frequency, high-power, widely tunable
Cr?":ZnSe laser. Credit: Sergey B. Mirov,
University of Alabama at Birmingham.
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» From Discovery to Success: Polymer Membrane for Fuel Cells:
Giner, Inc. of Newton, Mass., and its subsidiary, Giner Electrochemical
Systems, LLC, recipient of four NSF Small Business Innovation Research
awards since 1999, were awarded a patent on a process to modify
specialized polymer membranes to create compact membrane electrode
structures for segmented fuel cells with higher voltages than single cells.
The improvements may enable applications in electrolyzers (which convert
water into hydrogen and oxygen gas), the detection and treatment of
waterborne toxins, miniature sensors, industrial electro-synthesis, and other
technologies that employ polymer membranes. A second patent is pending

on the material itself. NSF has also provided grants to Giner for

lightweight bipolar plates for fuel cells and a continuous monitor for total ~ A diagram of an array of Giners

sulfur in natural gas.

IGERT trainee  Brian
Schulkin shows his
invention, the Mini-Z.
Credit:  Rensselaer/Kris

Qua.

» World’s Smallest Radio: Harnessing the unique electrical
and mechanical properties of carbon nanotubes, researchers have
crafted a working radio from a single nanotube that is 10,000 times
thinner than the width of a single human hair. Fixed to an
electrode mounted near a counter electrode, the tube successfully
performed the four critical roles of a radio — antenna, tunable filter,
amplifier and demodulator — to tune-in a radio signal generated in

modified polymer membrane fuel
cells. Credit: Robert MacDonald,
Giner, Inc.

» Young Inventor’s Research Transforms the Marketplace: Brian
Schulkin, a participant in the NSF-funded Integrative Graduate Education
and Research Traineeship program at Rensselaer Polytechnic Institute, won
the first-ever Lemelson-Rensselaer $30,000 student prize. Schulkin invented
an ultralight, hand-held terahertz spectrometer that has applications in
medical, aerospace, security, and other fields. Terahertz rays, or "t-rays" are
based on the part of the electromagnetic spectrum that is defined by
frequencies from 0.1 to 10 terahertz — just between infrared light and
microwave radiation. Though they can pass through clothing, wood, plastic,
and other materials, t-rays are not harmful to health in the way that x-rays
are. Until now, a major challenge has been the size and weight of t-ray
devices. Schulkin successfully developed a system approximately the size of
a laptop computer, dubbed the mini-Z. The mini-Z has already been used to
detect cracks in space shuttle foam, image tumors in breast tissue, and spot
counterfeit watermarks on paper currency.

the room and play it back through an attached speaker. Tunable ‘
across a bandwidth widely used for commercial radio, the tiny

device could have applications far beyond novelty, from a single  This transmission electron microscope
receiver in a living cell to a vast array embedded in an airplane ~ image (with digital illustration of radio

wing. The new device was developed at NSF's Center of

"waves") shows a single carbon nanotube
protruding from an electrode.  Credit:

Integrated Nanomechanical Systems at the University of California  Zettl Research Group, University of
at Berkeley and the Lawrence Berkeley National Laboratory. California at Berkeley and the Lawrence

Berkeley National Laboratory.
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» Research Helps Fight the (Cyber) War on
Terror: The speed, ubiquity, and potential anonymity
of Internet media — email, Web sites, and Internet
forums — make them ideal communication channels for
militant groups and terrorist organizations. Analyzing
content has become increasingly important to the
intelligence agencies that monitor these groups.
Funded by NSF, researchers at the Artificial
Intelligence Lab at the University of Arizona have
developed the "Dark Web" project to systematically
collect and analyze terrorist-generated content online
using advanced analysis techniques. The Dark Web
collection, which contains more than 2,000
international terrorist sites and 50 million documents,
has become a major research testbed for understanding
propaganda, ideology, and operations of terrorist
groups.

Writeprint visualization of an extremist forum author. Six
unique online writing features are shown (from top to bottom,
left-to-right):  punctuation, word length, special character,
content feature, letter frequency, and structural feature. Each
dot represents a text segment in the author's online messages.
Like a fingerprint, every author has a distinct "writeprint."
Credit: © Arizona Board of Regents for The University of AZ.
Artificial Intelligence Lab, Dr. Hsinchun Chen, Director.

This conception visualizes how molecular
transistors might work. A sulfonated vinyl
benzene molecule lies at the core. The colors

» From Molecules to Computers: Theory Finds a Switch:
Theoretical physicists at the University of Arizona have
developed a fundamental theory of how a current of electrons
flows through a single organic molecule. Based on fundamental
physical principles, the theory also predicts a way to control a
current through the molecule. The results could be used to
design an electric switch that operates on fundamentally different
principles from modern transistors at the heart of virtually all
electronic technology. Because these switches are the size of a
single molecule, they provide a way to overcome the
fundamental problems of power dissipation and environmental
sensitivity that limit the continued rate of device miniaturization.

code the carbon (green), hydrogen (purple),
sulfur (yellow), and gold (gold) atoms. Credit:
Charles A. Stafford, University of Arizona.

» Cyber Corps Partnerships at Mississippi State:
Since 2002, Mississippi State University (MSU) has
accomplished a 100 percent placement rate for its NSF
Scholarship for Service (SFS) students. With support
from an NSF SFS capacity building grant, MSU has
partnered with Jackson State University (JSU), an
historically black college or university, to assist them in
developing an information assurance program. Through
this assistance, JSU now has its own computer security
class and computer forensics class patterned after those
taught at MSU. In addition, JSU partners with MSU in
the production of SFS students and has placed four
students in government service from this partnership.
Also with SFS capacity building support, MSU brought

!

Washington DC high school students participating in a
cyber security training workshop at Mississippi State
University. Credit: Rayford Vaughn.
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minority high school students from Washington, D.C. to MSU for training in computer security. Another
SFS project supported the enhancement of MSU's digital forensics laboratory, which led to securing a
major grant from the Department of Justice to train more than 1,200 law enforcement officers in cyber-
crime techniques.

Budget Highlights

National Science Foundation

FISCAL YEAR

2009 ’ S " Cross-Foundation Investments. The FY 2009 Request includes
BUDGET 7 four major cross-foundation investments that aim to have a
REQUES _ Lo . - . . .

_ transformative impact across science and engineering, especially in
such areas of national priority as manufacturing, computing, energy,
cybersecurity, sensors, and materials.

- Cyber-enabled Discovery and Innovation (CDI), initiated in FY 2008, increases to $100.0
million (from $47.9 million) in FY 2009 to advance science and engineering along fundamentally
new pathways opened by computational capabilities. FY 2009 investments include three specific
foci: From Data to Knowledge, Understanding System Complexity, and Virtual Organizations.

- Science and Engineering Beyond Moore’s Law (SEBML) aims to position the U.S. at the
forefront of communications and computation capability beyond the physical and conceptual
limitations of current systems. This $20.0 million, NSF-wide effort addresses the reality that in
10 to 20 years, current silicon technology will reach the limits of Moore’s Law — the empirical
observation that computing power doubles roughly every 18 months. Activities in FY 2009 will
encourage transformational activities as well as creating partnering opportunities with the private
sector and national laboratories to accelerate innovation.

- Adaptive Systems Technology (AST) focuses on generating creative pathways and natural
interfaces between human and physical systems that will revolutionize the development of novel
adaptive systems. This investment of $15.0 million in FY 2009 is motivated by the potential of
new and transformational neuroscience discoveries to improve a wide range of systems and
capabilities. AST is essential to advances in highly-innovative adaptive control systems, hybrid
computer architectures, improved electronic PDAs, and computer-based, self-paced, learning and
training tools.

- Dynamics of Water Processes in the Environment (WATER) is a $10.0 million, NSF-wide
investment that aims to increase fundamental understanding of the Earth’s freshwater systems and
provide the scientific basis for decision-making about water resources. Major efforts in FY 2009
include fundamental research on the complex processes and feedbacks that affect the
vulnerability and resilience of freshwater systems to climate and environmental change. This will
help to define frontier research opportunities, delineate NSF’s role in this area, and advance
activities in foundational water systems research.

Support for Research Grants. Strong, sustained support for individual investigator and small group
activities remains a priority for investments across the Foundation. With the 16 percent growth in
Research and Related Activities, NSF anticipates supporting an additional 1,370 research grants. This
will help to increase the funding rate to 23 percent from 21 percent, especially for unsolicited grants that
potentially advance the frontiers of learning and discovery.
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New Faculty and Young Investigators. Both the ACI and America COMPETES underscore the need to
strengthen the Nation’s science and engineering workforce, placing special emphasis on improving
opportunities for scientists and engineers at the beginning of their careers. In keeping with this, CAREER
— NSF’s flagship program for young faculty — increases by over $14.0 million to $181.9 million. Other
activities that traditionally involve young faculty — the Research Experiences for Undergraduates Program
(REU) and Research in Undergraduate Institutions Program (RUI) — also increase.

Graduate Research Fellowships (GRF). GRF is widely recognized as a unique fellowship grant
program because it supports the broad array of science and engineering disciplines across all fields as well
as international research activity. Funding for GRF in FY 2009 increases by $28.6 million (nearly 30
percent) to $124.8 million. This will support an estimated 3,075 fellows, an increase of 700 over the FY
2008 level. The GRF program recognizes the growing significance of the changing global environment
for future scientists and engineers and is bringing more international emphasis and increasing
opportunities for students to expand their knowledge of research and education in other nations and
international issues affecting STEM careers.

Science and Technology Centers (STC). The FY 2009 Request includes $15.0 million for a
competition to add five to seven new Science and Technology Centers. The STC Program advances
discovery and innovation in science and engineering through the integration of cutting-edge research,
excellence in education, targeted knowledge transfer, and development of a diverse workforce.
Partnerships established by the STC Program go beyond the NSF and academia to the active participation
of industry and national laboratories in research projects, the transfer of technology to appropriate
industries, the application of patents derived from the work of the STCs, and the launching of spin-off
companies.

Cybersecurity. The FY 2009 Request includes $116.9 million for cybersecurity research and education,
with $30.0 million specifically devoted respectively to research in usability ($10.0 million); theoretical
foundations ($10.0 million); and privacy ($10.0 million) to support the Comprehensive National
Cybersecurity Initiative. These investments in cybersecurity and information security and privacy will
produce research results that allow society to more fully exploit the potential benefits of an increasingly
networked world. In addition, the Scholarship for Service program, which funds scholarships to build a
cadre of federal professionals with skills required to protect the Nation’s critical information
infrastructure, increases by 30 percent to $15.0 million.

International Science and Engineering. Funding for the Office of International Science and
Engineering increases by nearly 15 percent to $47.4 million. A major focus in FY 2009 is the
Partnerships for International Research and Education (PIRE) program, which increases by $3.0 million
to $15.0 million. This program funds innovative, international collaborative research projects that link
U.S. institutions and researchers at all career levels with premier international collaborators to work at the
most promising frontiers of new knowledge.

Oceans Research. The FY 2009 Request provides continued strong support for a range of activities to
ensure a clean, healthy, and stable ocean environment. $17.0 million is included for activities to support
the interagency Ocean Research Priorities Plan. Investments in facilities for oceans research also increase
significantly, with an increase of $21.8 million for the Integrated Ocean Drilling Program and the
Academic Research Fleet.

Polar Facilities and Logistics. NSF’s investments in the facilities and infrastructure needed to support
polar research increase by $30.1 million. This includes increases for energy efficiency and fuel
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conservation and major investments needed to ensure resupply capabilities for research facilities in the
Antarctic. Also of note, NSF funding for U.S. Coast Guard (USCG) polar icebreakers decreases by $3.0
million, as beginning in FY 2009, NSF will no longer provide funds for maintaining the USCG’s Polar
Star in caretaker status.

Major Research Equipment and Facilities Construction (MREFC). Total MREFC funding decreases
by $73.2 million (33 percent) in FY 2009. Support continues for three ongoing projects (the Atacama
Large Millimeter Array, the IceCube Neutrino Observatory, and the Advanced Laser Interferometer
Gravitational Wave Observatory). Also included is $2.5 million for design activities for the Advanced
Technology Solar Telescope. Three projects (the Alaska Region Research Vessel, the National
Ecological Observatory Network, and the Ocean Observatories Initiative) are not slated for additional
MREFC funding in FY 2009, as each is currently completing design activities.

Enriching the Education of STEM Teachers. In FY 2009, a major focus of activities in NSF’s
Education and Human Resources (EHR) Directorate is Enriching the Education of Science, Technology,
Engineering, and Mathematics Teachers (STEM). Major activities associated with this focus include the
Math and Science Partnership program (up $2.5 million to $51.0 million) and the Robert Noyce
Scholarship Program (up $800,000 to $11.6 million).

Promoting Learning through Research and Evaluation. The EHR Directorate is also increasing
support for research and evaluation efforts in STEM education. Major efforts in FY 2009 include a $3.0
million increase to $10.0 million for Project and Program Evaluation and an $8.5 million increase to
$108.5 million for Discovery Research K-12, which supports applied research and innovation aimed at
improving STEM education at the K-12 level.

Broadening Participation. NSF remains a leader in efforts to broaden participation in science and
engineering. This includes efforts to reach all states and regions, notably the Experimental Program to
Stimulate Competitive Research (EPSCoR), which increases to $113.5 million in FY 2009. Efforts that
focus on underrepresented groups also increase; examples include Alliances for Graduate Education and
Professoriate (AGEP), the Historically Black Colleges and Universities-Undergraduate Program (HBCU-
UP), the Louis Stokes Alliances for Minority Participation (LSAMP), and Centers of Research Excellence
in Science and Technology (CREST). NSF has also made broadening participation a priority for program
management and oversight, as is captured in the Stewardship goal for broadening participation presented
in the Performance Information chapter.

Interagency R&D Priorities. NSF plays a significant role in several interagency R&D priorities
including the Networking and Information Technology R&D (NITRD) program, the National
Nanotechnology Initiative (NNI), the U.S. Climate Change Science Program (CCSP), the Climate Change
Technology Program (CCTP), and Homeland Security.
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INTERAGENCY R&D PRIORITIES
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

National Nanotechnology Initiative $388.69 $388.69 $396.79 $8.10 2.1%
Climate Change Science Program 206.63 205.25  220.60 15.35 7.5%
Climate Change Technology Program 21.00 21.00 23.50 250 11.9%
Networking and Information Technology R&D 908.45 931.48 1,090.25 158.77  17.0%
Homeland Security 388.76  368.41  379.17 10.76 2.9%

The Foundation will continue as a major participant in each of these areas in FY 2009, with increases for
NNI, NITRD, and CCSP. Additional information on NITRD, NNI, and CCSP can be found in the NSF-
wide Investments section. For Homeland Security, additional information is available in the Summary
Tables and Charts section.

Stewardship. The investments that support NSF’s Stewardship goal — support excellence in science and
engineering research and education through a capable and responsive organization — remain a priority in
FY 2009, increasing by 13 percent to $404.3 million. The Request increases the NSF workforce by 50
staff to manage the growing and increasingly complex workload being experienced throughout the
Foundation. Investments in information technology (IT) increase by 32 percent to $82.0 million, with
emphasis on efforts to increase efficiency, productivity, and transparency in NSF’s business processes. In
this request, NSF’s IT portfolio is realigned to tie funding for mission-related activities more directly to
NSF’s programs.

Delivering Results

National Science Foundation

FISCALVEAR N4 ' 8 NSF’s FY 2009 Budget Request incorporates the Research and
2 0 0 9 ] & Development Investment Criteria outlined in the President’s

gg gUGEES:Ir' 7 _ Management Agenda. This section describes NSF’s approach to
; - A W&/° ensuring that its investments address Relevance, Quality, and
NG ey A& Performance. More specific information on the criteria is integrated

throughout this document in discussions of investments by each of
NSF’s directorates and major program offices.

The nature of NSF’s programming gives the agency an invaluable level of flexibility and agility. NSF
has proven time and again that it can respond decisively and proactively to emerging opportunities and
challenges. These qualities are especially valuable in maintaining a dynamic and productive portfolio in
the current funding environment. With less than six percent of the agency’s budget spent on internal
operations — the remaining 94 percent supports other organizations working at the frontiers of learning
and discovery — NSF also maintains a high level of efficiency.

» Relevance: R&D programs must be able to articulate why this investment is important, relevant, and
appropriate.
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NSF is the only federal agency with a mandate to strengthen the health and vitality of U.S. science and
engineering and support fundamental research and education in all scientific and engineering disciplines.
NSF-sponsored activities result in new knowledge and technologies and educate a world class workforce
of scientists, engineers, mathematicians, educators, and other technically trained professionals.
Investment decisions are guided by the agency’s strategic goals, Administration initiatives articulated by
the Office of Science and Technology Policy, and national priorities, as outlined in the ACI and America
COMPETES.

Although NSF investments account for only four percent of total federal funding for research and
development, the agency provides 45 percent of federal support to academic institutions for non-medical
basic research. NSF investments are especially vital in non-medical fields and disciplines. For over two
decades, NSF has been a principal source of federal support for basic research at colleges and universities
in such areas as computer science, mathematics, the physical sciences, the social sciences, the
environmental sciences, engineering, and non-medical areas of the life sciences. Furthermore, while NSF
does not directly support medical research, its investments benefit the medical sciences and related
industries, leading to advances in diagnosis, regenerative medicine, implants, assistive devices, drug
delivery, and the design and processing of pharmaceuticals.

The NSF Strategic Plan for FY 2006-2011 acknowledges and responds to the changing context that is
transforming science and education research and education today. Researchers operate in an increasingly
complex environment, in which science and engineering cross the boundaries of disciplines,
organizations, and nations. The frontier changes quickly, and discovery requires ever-more-sophisticated
skills and methods, as well as technology and instrumentation. Global competition for technical workers
and science and education professionals has intensified, and so have the skills expected in today’s
changing workplace. Leadership and excellence in discovery, innovation, and learning are the most
effective means to meet and surpass these new challenges. The Plan establishes a framework for
investment strategies for research and education that directly addresses these issues.

» Quality: R&D programs must justify how funds will be allocated to ensure quality R&D.

NSF leads federal agencies in funding research and education activities based on competitive merit
review, with nearly 90 percent of research and education funding going to awards selected through a
competitive merit review process. In FY 2007, the last year for which complete data exist, NSF awarded
nearly 11,500 new grants from roughly 45,000 competitive proposals.

All proposals for research and education projects are evaluated using two criteria: the intellectual merit of
the proposed activity and its broader impacts, ranging from effects on teaching, training, and learning to
improvements in cyber security. Reviewers also consider transformative potential and how well the
proposed activity fosters the integration of research and education and broadens opportunities to include a
diversity of participants, particularly from underrepresented groups.

Further, to ensure the highest quality in processing and recommending proposals for awards, NSF also
convenes Committees of Visitors, composed of qualified external evaluators, to review each program
every three years. These experts assess the integrity and efficiency of the processes for proposal review
and provide a retrospective assessment of the quality of results of NSF’s investments. In addition, NSF
directorates also utilize Advisory Committees to offer recommendations on such issues as: the mission,
programs, and goals that can best serve the scientific community; how to promote quality graduate and
undergraduate education; and priority investment areas for NSF-funded research.
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Perhaps the most dramatic indicator of the level of competition for NSF funding is the quality of the
proposals that go unfunded every year. In FY 2007, for example, proposals totaling $1.8 billion were
declined due to funding constraints even though they were rated as highly as the proposals that received
funding. These declined proposals represent a rich portfolio of highly regarded yet unfunded
opportunities to advance research and education.

» Performance: R&D programs must be able to monitor and document how well the investment is
performing.

Strategic investments intended to achieve long-term outcomes are the target of performance assessments
at NSF. Specific measures of organizational effectiveness relate to the internal practices, operations, and
processes that support the NSF mission. Historically, NSF has relied upon external committees of experts
to evaluate the long-term outcomes from research and education. This is appropriate given the broad
scope of science and engineering covered by NSF, and the critical and extensive use of merit review for
selecting new awards. Over the past several years, these external evaluations have provided integral
information for the assessments conducted using the Program Assessment Rating Tool (PART).

External Evaluations. The NSF Advisory Committee for GPRA Performance Assessment (AC/GPA)
conducts an annual assessment of NSF’s performance with respect to the achievement of the agency’s
three program-focused strategic goals. In its FY 2007 report, the AC/GPA stated the following:

The Committee was unanimous in its conclusion that NSF has demonstrated “Significant
Achievement” for the strategic goals of Discovery, Learning, and Research Infrastructure.
The Committee has based its opinion of “Significant Achievement” not only upon the quality,
quantity, and outcomes of NSF-furnished highlights but also upon the overall performance
across the agency as determined from other reports made available for review. From novel
discoveries in the basic sciences and engineering to educational advancements across the
Science, Technology, Engineering and Mathematics (STEM) disciplines, NSF has
demonstrated continued commitment to its basic goals of pursuing the highest quality
research, in innovative and transformative ways, while broadening the participation in science
and engineering of people from all parts of society.

Stewardship Goal. To gauge progress under the Stewardship goal, NSF established eight performance
areas for 2007 focusing on internal and customer-oriented priorities that emphasize effective and efficient
management practices. NSF was fully successful in seven of the eight areas for FY 2007, with partial
success in the remaining area (management of large facilities). These results were presented and
discussed at the November 2007 meeting of the NSF Advisory Committee for Business and Operations
and are discussed further in the Performance Information chapter of this Request.

Program Assessment Rating Tool. PART is an important component of NSF's performance activities.
PART performance measures and action plans have provided valuable tools for program assessment and
for improving program performance and management. To date, OMB has completed more than 1,000
PART assessments, representing 98% of all Federal programs; of those, only 18 percent received the
highest rating of Effective. All NSF programs assessed to date received an Effective rating, with one
additional assessment slated for completion in FY 2008.
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National Science Foundation
FY 2009 Budget Request to Congress

Summary of Major Changes by Account
(Dollars in Millions)

NSF FY 2008 Estimate $6,065

Research and Related Activities

Biological Sciences +63
Funding increases for disciplinary and interdisciplinary research across all core programs.
Support is provided for the new BIO investment, Life in Transition as well as for the NSF-
wide investments in Adaptive Systems Technology (AST) and Dynamics of Water Processes
in the Environment. Continued support is provided for the Plant Genome Research Program.
The Center for Research at the Interface of the Mathematical and Biological Sciences will be
established and enhanced support will be directed to the Center for Environmental
Implications of Nanotechnology. BIO is requesting a realignment of two activities in FY 2009.
The first will move Plant Genome Research as a new program line under the Integrative
Organismal Systems (10S) subactivity. The second move will transfer management and
oversight of NEON to the Emerging Frontiers (EF) subactivity.

Computer and Information Science and Engineering +104
Investments increase in core and emerging areas that emphasize transformative work including
the exploration of revolutionary computational models, languages, and tools, and hardware
and software architectures; transformative research on trustworthy software and networked
systems; and exploration of human-centered computing and information and intelligent
systems that promise value to a diverse range of individuals and to society at large. CISE will
invest in cybersecurity research and education, with emphases on research in usability,
theoretical foundations, and privacy. Enhanced investment in CDI will allow for
multidisciplinary projects that emphasize the application of computational thinking and
algorithmic insights across all areas supported by NSF. Research in AST will support new
directions in which the robustness and adaptive capability of biological organisms inform the
problems and approaches taken within CISE research. Through investments in SEBML, CISE
will explore new computing paradigms, including bio-inspired and quantum computing.

Engineering +122
ENG’s core represents a broad and synergistic convergence of fields, disciplines, and frontier
opportunities. Increases in FY 2009 focus on multidisciplinary, cutting-edge, and high-
impact research. ENG will also support simulation-based engineering and science, a crucial
and far-reaching capability enabled by cyberinfrastructure. As cyber-enabled discovery
advances, so too must the use of it, such as multiscale modeling, sensor systems, simulation,
and integration of large data sets which will allow for predictive decision-making. ENG
research in nanomanufacturing, photonics, and micro- and nanoelectronics will result in the
new materials and devices—such as microelectronics that exploit properties at the quantum
level—required to realize computing capacity beyond the limits suggested by Moore’s Law.
ENG will support the NSF-wide AST investment, particularly in the area of neural
engineering. This field promises to develop techniques and systems that will enable new
understanding of the brain, nervous system, and other crucial processes in the body.
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Summary of Major Changes by Account
(Dollars in Millions)

Geosciences +96
Support increases for investments in fundamental research, particularly in areas such as
innovation, understanding global and regional environmental issues, natural disasters, and
improving the future quality of life. GEO will support highly meritorious proposals
addressing both the near-term and long-term priorities articulated in the Ocean Research
Priorities Plan. Increased funding will be directed to the NSF-wide investment in CDI and
support will be provided for the new investment in Water. Enhanced support for the
Academic Research Fleet will support ship operations and a number of enhancements to the
academic fleet. Support will be provided for operation of EarthScope, IRIS, NCAR, Ocean
Drilling activities and activities to prepare for the Ocean Observatories Initiative. Support for
community instruments and databases, including the University Navstar Consortium
(UNAVCO), a number of radar facilities to study processes in the upper atmosphere, and
many small instruments supported for research community use will also be increased.

Mathematical and Physical Sciences +235
Increased support for CDI will allow for essential research on modeling, algorithms, software,
and simulation. Funding for SEBML will support interdisciplinary research leading to the
development of new hardware, architectures, algorithms, and software required to address
approaching physical and conceptual limits in computer processing power. Support will also
begin for AST with emphasis on understanding the behavior of physical and biological
systems across length and time scales, developing new instrumentation, and creating synthetic
biological systems that can mimic nature. Increased funding is also requested for research at
the MPS-Life Science Interface, Quantum Information Sciences, ACI Fellows Program, and
CAREER. Strong support is requested for the Centers for Chemical Innovation and Materials
Research Science and Engineering Centers. Within MPS facilities, modest increases for a
number of observatories and labs will support the ongoing development of next generation
instrumentation and enhance user programming; reduced funding will allow for planned
programmatic transitions and phase outs.

Social, Behavioral and Economic Sciences +18
Funding increases for core disciplinary and interdisciplinary research, especially targeting
research across traditional boundaries and potentially transformative research. A major
contribution to the Administration’s American Competitiveness Initiative comes through
enhanced support for Science of Science and Innovation Policy (SciSIP) research and
associated increases to enable a full-scale pilot of a redesigned Survey of Industrial Research
and Development (renamed Business Research and Development Survey) as well as pilot data
collection on postdoctoral research and education activities. Expansion of SBE research in
complexity and systems thinking in the human sciences includes increases for SBE’s
participation in CDI. SBE participation in AST involves applying and expanding what is
known from cognitive and learning sciences in partnership with other directorates. Within the
Learning strategic area, funding increases for the Research Experiences for Undergraduates
(Sites) program.
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Summary of Major Changes by Account
(Dollars in Millions)

Office of Cyberinfrastructure +35
OCI extends support for the development and provision of software and services that facilitate
complex S&E research including innovative approaches to the management of data
collections, software that enhances the interoperability of data and tools, and robust
middleware that supports distributed applications. Additional areas of emphasis include the
use of in situ computation in sensor networks, virtual organizations that are built around
specific complex research foci, research aimed at improving the effectiveness of collaborative
digital environments, and the development of more robust approaches to fault-tolerant
computing in S&E. Increased funding will support high-performance computing systems for
the national open S&E research community. These leading-edge computational resources,
together with advanced networking capabilities, serve to maintain NSF’s TeraGrid as the
world’s leading high-end computing environment for open research. Support for CDI
includes development and deployment of cybertools.

Office of International Science and Engineering +6

Increased support for the Partnerships for International Research and Education program will
fund innovative, international collaborative research projects that link U.S. institutions and
researchers at all career levels with premier international collaborators to work at the most
promising frontiers of new knowledge. Funding will also enable OISE to support the NSF-
wide investment in CDI by working to link research communities across international
boundaries to facilitate communication and collaboration. Additional funding will support the
International Research Experiences for Students and the International Research Fellowship
Program.

Office of Polar Programs +48
Funds will support IPY synthesis activities to provide an integrated understanding of
environmental change in the Arctic, and to advance understanding of the Antarctic system in a
global context. Support will increase for climate change research and the associated observing
and modeling systems, and for development of instrumentation and equipment that have the
potential to transform data collection, monitoring and modeling. Funds for IceCube Neutrino
Observatory research and operations will increase. OPP will continue to enhance the critical
infrastructure required to conduct research in the Arctic and in Antarctica, including use of
alternative energy for power generation and use of energy efficient construction materials.
Support will also increase to diversify and improve U.S. Antarctic Program resupply at
McMurdo and Palmer Stations. Funding will increase for safety and health program activities.
Funding decreases for USCG Icebreaking, as NSF will no longer provide funds for
maintaining the Polar Star in caretaker status.

Integrative Activities +44
Funding increases for the Major Research Instrumentation (MRI) program, allowing for
enhanced support for the acquisition and development of mid-size instruments. Funding also
provides for additional support in the EPSCoR program and for a new class of five to seven
Science and Technology Centers.

United States Arctic Research Commission +0
Increases funding by $60,000 to support Commissioners' salaries as well as travel and
administrative costs.

Subtotal, R&RA +773
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Summary of Major Changes by Account
(Dollars in Millions)

Education and Human Resources
Increased investment across EHR's five thematic priorities will provide continued national
leadership in STEM research, policy and practice: Broadening Participation; Teacher
Education in STEM; Furthering Public Understanding of Science; Promoting Cyber-enabled
Learning Strategies; and Promoting Learning through Research and Evaluation. A significant
increase will be directed to the Graduate Research Fellowship program, providing support for
an additional 700 fellows. Increased funding for Discovery Research K-12 will support
development of more effective tools and resources for teachers and students. Enhanced
support for CREST, ADVANCE, and Research on GSE will contribute to the ongoing effort
to broaden participation. Additional funds in the Scholarship for Service program will
provide support for up to an additional nine cohorts of students. Enhanced funding for Project
and Program Evaluation will support education research projects. Funding increases are
focused on areas with demonstrated results, in keeping with the Academic Competitiveness
Council framework.

+65

Major Research Equipment and Facilities Construction
Funding will support ongoing construction of IceCube, ALMA, and Advanced LIGO, and will
support design activities related to the ATST. No funding is requested for three ongoing
projects, ARRV, NEON, and OOlI, pending completion of final design reviews.

-73

Agency Operations and Award Management (formerly Salaries and Expenses)
An allocation increase of 25 FTE will support achievement of NSF's Stewardship strategic
goal. Continued emphasis will be placed on award oversight and management, particularly for
large facilities. IT investments are realigned to tie mission-related activities more directly to
NSF’s programs.

+23

National Science Board
A funding increase of $61,000 will be used for personnel compensation and general operating
expenses.

+0

Office of Inspector General
Increased funding of $1.67 million will cover higher personnel costs, the acquisition of
software to make the auditing process more efficient, and the increasing costs of audits
conducted by CPA firms under contract to OIG.

+2

Total Change, FY 2008 Estimate to FY 2009 Request

+789

NSF FY 2009 Budget Request to Congress

$6,854

Totals may not add due to rounding.
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FY 2009 Budget Request to Congress

(Dollars in Millions)

FY 2009 Request change over:
FY 2007 FY 2008 FY 2009 FY 2007 Actual FY 2008 Estimate
NSF by Account Actual Estimate| Request Amount Percent| Amount Percent|
BIO $608.54 $612.02 $675.06 $66.52 10.9% $63.04 10.3%
CISE 526.68 534.53 638.76 112.08 21.3% 104.23 19.5%
ENG (less SBIR/STTR) 521.33 527.50 632.33 111.00 21.3% 104.83 19.9%
SBIR/STTR 108.67 109.37 127.00 18.33 16.9% 17.63 16.1%
GEO 745.85 752.66 848.67 102.82 13.8% 96.01 12.8%
MPS 1,150.73 1,167.31 1,402.67 251.94 21.9% 235.36 20.2%
SBE 214.54 215.13 233.48 18.94 8.8% 18.35 8.5%
OClI 182.42 185.33 220.08 37.66 20.6% 34.75 18.8%
OISE 40.36 41.34 47.44 7.08 17.6% 6.10 14.8%
OPP 438.43 442.54 490.97 52.54 12.0% 48.43 10.9%
1A 219.45 232.27 276.00 56.55 25.8% 43.73 18.8%
U.S. Arctic Research Commission 1.45 1.47 1.53 0.08 5.5% 0.06 4.1%
Research & Related Activities $4,758.44 $4,821.47 $5,593.99 $835.55 17.6% $772.52 16.0%
Education & Human Resources $695.65 $725.60 $790.41 $94.76 13.6% $64.81 8.9%
Maj()r Research Equipment & $166.21 $220.74 $147.51 -$18.70 -11.3% -$73.23 -33.2%
Facilities Construction
Agency Operations & Award Management $248.49 $281.79 $305.06 $56.57 22.8% $23.27 8.3%
National Science Board $3.65 $3.97 $4.03 $0.38 10.4% $0.06 1.5%
Office of Inspector General $11.92 $11.43 $13.10 $1.18 9.9% $1.67 14.6%
Total, NSF $5,884.37 $6,065.00 $6,854.10 $969.73 16.5% $789.10 13.0%
* Totals may not add due to rounding.
(Dollars in Millions)
FY 2009 Request change over:
EY 2007 EY 2008 EY 2009 FY 2007 Actual FY 2008 Estimate
NSF by Strategic Goal Actual Estimate] Request Amount Percent Amount Percent
Discovery $3,200.60 $3,263.83 $3,847.98 $647.38 20.2% $584.15 17.9%
Learning 785.00 808.82 864.98 79.98 10.2% 56.16 6.9%
Research Infrastructure 1,578.70 1,633.30 1,736.85 158.15 10.0% 103.55 6.3%
Stewardship 320.07 359.05 404.29 84.21 26.3% 45.24 12.6%
Total, NSF $5,884.37 $6,065.00 $6,854.10 $969.73 16.5% $789.10 13.0%

* Totals may not add due to rounding.
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By Account and Strategic Outcome Goal
FY 2009 Budget Request to Congress

(Dollars in Millions)

FY 2009 Request

Change over FY 2007

Change over FY 2008

Actual Estimate
FY 2007 FY 2008 Research FY 2009
NSF Accounts Actual] Estimate| Discovery  Learning Infrastructure  Stewardship Request| Amount  Percent | Amount  Percent
FY 2007 Actual $5,884.37 $3,200.60 $785.00 $1,578.70 $320.07
FY 2008 Estimate $6,065.00] $3,263.83 $808.82 $1,633.30 $359.05
BIO $608.54 $612.02 $490.66 $43.14 $133.02 $8.24 $675.06 $66.52 10.9% $63.04 10.3%
CISE 526.68 534.53 564.70 37.60 26.50 9.96 638.76 112.08 21.3% 104.23 19.5%
ENG (less SBIR/STTR) 521.33 527.50 534.09 54.62 32.42 11.20 632.33 111.00 21.3% 104.83 19.9%
SBIR/STTR 108.67 109.37 127.00 - - - 127.00 18.33 16.9% 17.63 16.1%
GEO 745.85 752.66 464.80 30.75 342.57 10.55 848.67 102.82 13.8% 96.01 12.8%
MPS 1,150.73 1,167.31 984.91 68.07 334.06 15.63 1,402.67 251.94 21.9% 235.36 20.2%
SBE 214.54 215.13 179.33 9.43 39.87 4.85 233.48 18.94 8.8% 18.35 8.5%
OCl 182.42 185.33 27.50 4.10 185.73 2.75 220.08 37.66 20.6% 34.75 18.8%
OISE 40.36 41.34 31.57 13.25 - 2.62 47.44 7.08 17.6% 6.10 14.8%
OPP 438.43 442.54 120.69 5.58 361.14 3.56 490.97 52.54 12.0% 48.43 10.9%
1A 219.45 232.27 143.49 13.56 118.04 0.91 276.00 56.55 25.8% 43.73 18.8%
U.S. Arctic Research Commission 1.45 1.47 1.53 - - - 1.53 0.08 5.5% 0.06 4.1%
Research & Related Activities $4,758.44| $4,821.47| $3,670.27 $280.10 $1,573.35 $70.27 $5,593.99 $835.55 17.6% $772.52 16.0%
Education & Human Resources $695.65 $725.60 $177.71 $584.88 $15.99 $11.83 $790.41 $94.76 13.6% $64.81 8.9%
Major Research Equipment & Facilities Construction $166.21 $220.74 - - $147.51 - $147.51 -$18.70  -11.3% -$73.23  -33.2%
Agency Operations & Award Management $248.49]  $281.79 - - - $305.06 $305.06 $56.57 22.8% $23.27 8.3%
National Science Board $3.65 $3.97 - - - $4.03 $4.03 $0.38 10.4% $0.06 1.5%
Office of Inspector General $11.92 $11.43 - - - $13.10 $13.10 $1.18 9.9% $1.67 14.6%
Total, National Science Foundation $5,884.37| $6,065.00] $3,847.98 $864.98 $1,736.85 $404.29 $6,854.10 $969.73 16.5% $789.10 13.0%
H-1B Visa $145.94 $100.00 $100.00
Total NSF, Including H-1B Visa $6,030.31| $6,165.00| $3,847.98 $864.98 $1,736.85 $404.29 $6,954.10 $923.79 15.3% $789.10 12.8%
Percent Increase over Prior Year, excluding H-1B Visa 17.9% 6.9% 6.3% 12.6%

Totals may not add due to rounding.
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National Science Foundation
Research Infrastructure Summary
FY 2009 Budget Request to Congress

(Dollars in Millions)

Change over FY
2008 Estimate

FY 2007 FY 2008] FY 2009

Actual Estimate]  Request] Amount  Percent
Academic Research Fleet $87.95 $70.66 $83.96] $13.30 18.8%
Regional Class Research Vessels 1.57 1.50 10.00 850 566.7%

RHOV Construction (R/V Alvin Replacement) 9.05 1.00 1.00 - -
R/V Langseth Construction (R/V Ewing Replacement) 0.69 2.00 - -2.00 -100.0%
Ship Operations and Upgrades 76.63 66.16 72.96 6.80 10.3%
Cornell Electron Storage Ring 14.71 13.71 8.50 -5.21  -38.0%
Gemini 20.00 20.00 22.00 2.00 10.0%
EarthScope: USArray, SAFOD, PBOY 11.63 17.61 26.29 8.68 49.3%
Incorporated Research Institutions for Seismology 11.77 11.75 12.20 0.45 3.8%
Integrated Ocean Drilling Pgm/ODP/SODVZ/ 36.81 39.26 47.74 8.48 21.6%

Large Hadron Collider 18.00 18.00 18.00 - -
Laser Interferometer Gravitational Wave Observatory 33.00 29.50 28.50 -1.00 -3.4%
Major Research Equipment & Facilities Constructiorf® 189.60 260.96 200.08 -60.88  -23.3%
Major Research Instrumentation 90.00 93.90 115.00 21.10 22.5%
National Astronomy & lonosphere Center 10.46 12.15 11.40 -0.75 -6.2%
National Center for Atmospheric Research 85.12 87.54 95.87 8.33 9.5%
National High Magnetic Field Laboratory 26.55 26.50 31.50 5.00 18.9%

National Nanofabrication Infrastructure Network (NNIN) 13.32 13.50 13.50 - -
National Optical Astronomy Observatories 39.28 38.55 41.83 3.28 8.5%
National Radio Astronomy Observatories 47.03 44.52 49.79 5.27 11.8%
National Science Distributed Learning 18.73 16.25 16.50 0.25 1.5%
National Superconducting Cyclotron Laboratory 18.50 18.50 20.50 2.00 10.8%
Network for Earthquake Engineering Simulation 20.74 22.17 23.02 0.85 3.8%
Polar Environment, Safety & Health 5.79 5.98 6.74 0.76 12.7%
Polar Facilities and Logisticsj4 317.46 323.54 352.25 28.71 8.9%
Research Resources® 239.93 246.57 271.38 24.81 10.1%
Science and Technology Policy Institute 4.32 2.24 3.04 0.80 35.7%
Science Resource Statistics 29.71 29.55 32.57 3.02 10.2%
Shared Cyberinfrastructure Tools 176.28 158.43 185.73 27.30 17.2%
Other Facilities® 12.01 11.96 18.96 700  585%
RESEARCH INFRASTRUCTURE TOTAL $1,578.69 $1,633.30] $1,736.85] $103.55 6.3%

Totals may not add due to rounding.

n EarthScope funding includes support provided through the R&RA account for operations and maintenance of the facility. Support provided through the

MREFC account for the construction of the project, totaling $25.93 million in FY 2007, is included in the MREFC projects line.

r Funding for Integrated Ocean Drilling Program (IODP) includes support for the continued phase-out of program and contract activities for the Ocean
Drilling Program (ODP), predecessor to the IODP. ODP funding concludes in FY 2007, at a level of $2.11 million. This line also includes support for the
operations and maintenance of the Scientific Ocean Drilling Vessel (SODV); MREFC funding for the SODV, the final year of which was FY 2007, at

$42.83 million, is included on the MREFC projects line.

B Funding levels for MREFC projects in this table include support for concept and development associated with these projects, initial support for
operations and maintenance (both provided through the R&RA account), and implementation support provided through the MREFC account.
™ Polar Facilities and Logistics includes support for the operations and maintenance of the South Pole Station. Funds provided through the MREFC

account for the South Pole Station Modernization (SPSM) project ($6.19 million in FY 2007 and $9.10 million in FY 2008) are included in the MREFC

projects line.

5 Funding for Research Resources includes support for the operation of the Advanced Modular Incoherent Scatter Radar (AMISR), which is

approximately $3 million per year.

'8 Other Facilities includes support for other physics and materials research facilities, and other related costs.
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National Science Foundation
Selected Cross-Cutting Programs

FY 2009 Budget Request to Congress

(Dollars in Millions

FY 2009 Request change over:

. FY 2007 FY 2008
Selected Cross-Cutting Programs Actual Estimate
FY 2007 FY 2008 FY 2009

Actuall Estimate] Request] Amount Percent]  Amount Percentf
Research & Related Activities 16.58 20.85 19.54 2.96 17.9% -1.31 -6.3%
ADVANCE Education & Human Resources 0.04 0.50 1.25 121 3278.4% 0.75 150.0%
Total, NSF $16.61 $21.35 $20.79 $4.18 25.1% -$0.56 -2.6%
Research & Related Activities 187.40 167.76 181.91 -5.49 -2.9% 14.15 8.4%
Faculty Early Career Development - CAREER |Education & Human Resources - - - - N/A - N/A
Total, NSF $187.40 $167.76 $181.91 -$5.49 -2.9% $14.15 8.4%

Research & Related Activities 8.14 8.06 8.06 -0.08 -1.0% - -
Graduate Research Fellowships - GRF Education & Human Resources 86.08 88.10 116.70 30.62 35.6% 28.60 32.5%
Total, NSF $94.22 $96.16 $124.76 $30.54 32.4% $28.60 29.7%

. L Research & Related Activities 8.09 8.31 8.31 0.22 2.7% - -
SéiigifnTeécKh'gg Fellowships in K-12 Education & Human Resources 44.55 47.00 49.00 445 10.0% 200 43%
Total, NSF $52.64 $55.31 $57.31 $4.67 8.9% $2.00 3.6%
Integrative Graduate Education and Research Researc.:h & Related Activities 42.37 37.82 38.79 -3.58 -8.5% 0.97 2.6%

Training - IGERT Education & Human Resources 25.27 25.00 25.00 -0.27 -1.1% - -
Total, NSF $67.64 $62.82 $63.79 -$3.85 -5.7% $0.97 1.5%
Research & Related Activities $58.60 $54.19 $55.16 -3.44 -5.9% 0.97 1.8%
Total, Graduate Fellowships & Traineeships Education & Human Resources $155.90 $160.10 $190.70 34.80 22.3% 30.60 19.1%
Total, NSF $214.50 $214.29 $245.86 $31.36 14.6% $31.57 14.7%
Research & Related Activities 24.35 24.86 25.09 0.74 3.1% 0.23 0.9%
Long-Term Research Sites - LTER Education & Human Resources - - - - N/A - N/A
Total, NSF $24.35 $24.86 $25.09 $0.74 3.1% $0.23 0.9%
Research & Related Activities 7.94 8.84 9.69 1.75 22.1% 0.85 9.6%
Research Experience for Teachers - RET Education & Human Resources - - - - N/A - N/A
Total, NSF $7.94 $8.84 $9.69 $1.75 22.1% $0.85 9.6%
Research & Related Activities 63.28 57.73 61.55 -1.73 -2.7% 3.82 6.6%
Research Experience for Undergraduates - REU |Education & Human Resources - - - - N/A - N/A
Total, NSF $63.28 $57.73 $61.55 -$1.73 -2.7% $3.82 6.6%
Research Experience for Undergraduates - REU Researc.:h & Related Activities 48.01 41.27 44.39 -3.62 -7.5% 3.12 7.6%
Sites Only Education & Human Resources - - - - N/A - N/A
Total, NSF $48.01 $41.27 $44.39 -$3.62 -7.5% $3.12 7.6%
Research Experience for Undergraduates - REU Researc.:h & Related Activities 15.27 16.46 17.16 1.89 12.4% 0.70 4.3%
Supplements Only Education & Human Resources - - - - N/A - N/A
Total, NSF $15.27 $16.46 $17.16 $1.89 12.4% $0.70 4.3%
Research & Related Activities 33.03 31.53 35.23 2.20 6.7% 3.70 11.7%
Research in Undergraduate Institutions - RUl  |Education & Human Resources - - - - N/A - N/A
Total, NSF $33.03 $31.53 $35.23 $2.20 6.7% $3.70 11.7%
Research & Related Activities 68.56 64.95 76.02 7.46 10.9% 11.07 17.0%
Science and Technology Centers - STCs Education & Human Resources - - - - N/A - N/A
Total, NSF $68.56 $64.95 $76.02 $7.46 10.9% $11.07 17.0%

Totals may not add due to rounding.
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NSF Funding Profile

Approximately half of the awards supported in a particular fiscal year are competitively reviewed in that
year through NSF's merit review process. Other awards are continuations of projects that were
competitively reviewed in a prior year.

Statistics for Competitive Awards: The Funding Rate is the number of competitive awards made during a
year as a percentage of total proposals competitively reviewed. This indicates the probability of receiving
an award when submitting proposals to NSF.

Statistics for Research Grants: Research Grants are grants limited to research projects and exclude other
categories of awards that fund infrastructure-type activities, which do not require multi-year support, such
as equipment and conference awards. Annualized Award Size shows the annual level of research grants
provided to awardees by dividing the total dollars of each award by the number of years over which it
extends. Both the average and the median annualized award size for competitively reviewed awards are
shown. Average Duration is the length of the award in years.

The Quantitative Data Tables, provided under a separate tab in this submission, are based on all proposals
and awards, including competitive awards, contracts, cooperative agreements, supplements, and
amendments to existing grants and contracts.

NSF Funding Profile

FY 2007 FY 2008 FY 2009
Estimate Estimate Estimate

Statistics for Competitive Awards

Number 11,445 11,530 13,000
Funding Rate 25% 24% 26%
Statistics for Research Grants
Number of Research Grants 7,415 7,510 8,880
Funding Rate 22% 21% 23%
Median Annualized Award Size $109,900  $118,165 $123,575
Average Annualized Award Size $146,270  $151,355 $158,290
Average Duration (years) 2.9 3.0 3.0
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National Science Foundation
NSTC Crosscuts Summary
FY 2009 Budget Request to Congress

(Dollars in Millions)

Climate Change Technology
Program

Climate Change Science Programs

Includes

U.S. Global Change Research Program
Climate Change Research Initiative

Networking and Information Technology
Research and Development

National Nanotechnology Initiative

FY 2007 FY 2008 FY 2009 FY 2007 FY 2008 FY 2009 FY 2007 FY 2008 FY 2009 FY 2007 FY 2008 FY 2009
Actual  Estimate Request Actual Estimate Request Actual Estimate Request Actual Estimate Request
BIO - - - $15.10 $15.10 $15.10 $83.50 $83.50 $86.15 $54.71 $55.55 $56.60
CISE - - - - - - 526.69 534.53 638.76 12.89 12.22 11.00
ENG $21.00 $21.00 $23.50 1.00 1.00 1.00 11.20 19.20 28.01 137.02 137.02 140.02
GEO - - - 157.72 157.72 164.72 14.56 15.56 18.98 9.65 9.65 6.33
MPS - - - 6.81 5.45 6.00 73.70 70.89 73.72 169.48 169.48 178.07
SBE - - - 15.50 15.48 15.48 12.47 13.47 15.05 1.67 1.67 1.67
OCl - - - - - - 182.42 185.33 220.08 - - -
OISE - - - - - - - - - - - -
OPP - - - 10.50 10.50 18.30 - - - - - -
1A - - - - - - - - - - - -
R&RA $21.00 $21.00 $23.50 $206.63 $205.25 $220.60 $904.54 $922.48 $1,080.75 $385.42 $385.59 $393.69
EHR - - - - - - $3.91 $9.00 $9.50 $3.27 $3.10 $3.10
NSF Total $21.00 $21.00 $23.50 $206.63 $205.25 $220.60 $908.45 $931.48 $1,090.25 $388.69 $388.69 $396.79
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National Science Foundation
Homeland Security Activities Summary
FY 2009 Budget Request to Congress

(Dollars in Millions)

BIO CISE ENG GEO MPS SBE OPP| R&RA| EHR AOAM| Total, NSF
FY 2007 Actual $21.00 $152.60 $179.17 $4.00 $8.84 $4.50 $5.36| $375.47| $11.58 $1.60 $388.65
Protecting Critical Infrastructure & Key Assets - $150.70  $179.17 $8.84 $450 $5.36| $348.57| $11.58  $1.60 $361.75
Antarctic Security - - - - - - 4.19 4.19 - - 4.19
Counterterrorism - 27.00 19.97 - - - - 46.97| 46.97|
Cybersecurity - 93.50 3.20 - - - - 96.70, - - 96.70,
Electronic Commerce - 4.50 3.50 - - - - 8.00] - - 8.00]
Emergency Planning & Response - 25.70 26.00 - 7.84 - - 59.54 - - 59.54
Energy Supply Assurance - - 29.00 - 0.30 - - 29.30, - - 29.30,
IT Security - - - - - - 1.17 1.17 0.22 1.60) 2.99
Resilient Infrastructure (Risk Mgmt, Modeling, Simul) - - 97.50 - 0.70 450 - 102.70f - - 102.70f
. Scholarships for Service / Cybercorps | T e S R o) ase s 11.36
Defending Against Catastrophic Threats $21.00 $1.90 - $4.00 - - - $26.90 - - $26.90
Research to Combat Bioterrorism 21.00 1.90 4.00 26.90 26.90
Ecology of Infectious Diseases 6.00 - 4.00 - - - 10.00 - - 10.00
Microbial Genome Sequencing 15.00 1.90 - - - - - 16.90 - - 16.90
FY 2008 Estimate $21.00 $159.80 $159.50 $4.00 $6.74 $450 $1.37| $356.91| $11.50 - $368.41
Protecting Critical Infrastructure & Key Assets - $159.80 $159.50 $6.74 $450 $1.37| $331.91]| $11.50 - $343.41
Antarctic Security - - - - - - 1.37 1.37 - - 1.37
Counterterrorism - 27.00 - - - - - 27.00, 27.00,
Cybersecurity - 103.50 3.20 - 0.20 - - 106.90 - - 106.90
Electronic Commerce - 4.50 3.50 - - - - 8.00] - - 8.00]
Emergency Planning & Response - 24.80 26.00 - 3.46 - - 54.26 - - 54.26
Energy Supply Assurance - - 29.00 - 1.39 - - 30.39 - - 30.39
IT Security - - - - - - - - - - -
Resilient Infrastructure (Risk Mgmt, Modeling, Simul) - - 97.80 - 1.69 450 - 103.99 - - 103.99
. Scholarships for Service / Cybercorps | T e S R A0 e 11.50
Defending Against Catastrophic Threats $21.00 - - $4.00 - - - $25.00 - - $25.00
Research to Combat Bioterrorism 21.00 4.00 25.00 25.00
Ecology of Infectious Diseases 6.00 - - 4.00 - - - 10.00 - - 10.00
Microbial Genome Sequencing 15.00 - - - - - - 15.00 - - 15.00
Increment to FY 2009 Request -$6.00  $10.00 $1.00 -$4.00  $0.26 - - $1.26] $3.50 $6.00 $10.76
Protecting Critical Infrastructure & Key Assets - $10.00 $1.00 $0.26 - $11.26( $3.50  $6.00 $20.76
Antarctic Security - - - - - - - - - -
Counterterrorism - - - - - - - - - -
Cybersecurity - 10.00 - - - - - 10.00] - - 10.00]
Electronic Commerce - - - - - - - - - -
Emergency Planning & Response - - 0.10 - 0.26 - - 0.36 - - 0.36
Energy Supply Assurance - - 0.20 - - - - 0.20 - - 0.20
IT Security - - - - - - - 6.00] 6.00]
Resilient Infrastructure (Risk Mgmt, Modeling, Simul) - - 0.70 - - - - 0.70 - - 0.70
| ___Scholarships for Service / Cybercorps | - st S SR N 350 - 3.50
Defending Against Catastrophic Threats -$6.00 - - -$4.00 - - - -$10.00 - - -$10.00
Research to Combat Bioterrorism -6.00 -4.00 -10.00} -10.00}
Ecology of Infectious Diseases -6.00 - - -4.00 - - - -10.00 - - -10.00
Microbial Genome Sequencing - - - - - - - - - - -
FY 2009 Request $15.00 $169.80 $160.50 - $7.00 $4.50 $1.37| $358.17| $15.00 $6.00 $379.17
Protecting Critical Infrastructure & Key Assets - $169.80 $160.50 $7.00 $450 $1.37| $343.17| $15.00  $6.00 $364.17
Antarctic Security - - - - - - 1.37 1.37 - - 1.37
Counterterrorism - 27.00 - - - - - 27.00, 27.00,
Cybersecurity - 113.50 3.20 - 0.20 - - 116.90 - - 116.90
Electronic Commerce - 4.50 3.50 - - - 8.00] - - 8.00]
Emergency Planning & Response - 24.80 26.10 - 3.72 - - 54.62 - - 54.62
Energy Supply Assurance - - 29.20 - 1.39 - - 30.59 - - 30.59
IT Security - - - - - - - 6.00] 6.00]
Resilient Infrastructure (Risk Mgmt, Modeling, Simul) - - 98.50 - 1.69 450 - 104.69| - - 104.69|
| __Scholarships for Service / Cybercorps | - st SR U 1500 - 15.00
Defending Against Catastrophic Threats $15.00 - - - - - - $15.00 - - $15.00
Research to Combat Bioterrorism 15.00 15.00] 15.00]
Ecology of Infectious Diseases - - - - - - - - - - -
Microbial Genome Sequencing 15.00 - - - - - - 15.00 - - 15.00
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NSF Programs to Broaden Participation
FY 2009 Budget Request to Congress

(Dollars in Millions)

FY 2009 Request change over:

FY 2007 FY 2008
Actual Estimate
FY 2007 FY 2008  FY 2009
Actual Estimate Request| Amount  Percent] Amount Percent
ADVANCE $16.61 $21.35 $20.79 $4.18 25.1% -$0.56 -2.6%
ADVANCE - R&RA 16.58 20.85 19.54 2.96 17.9% -1.31 -6.3%
ADVANCE - EHR 0.04 0.50 1.25 121 3278.4% 0.75  150.0%
Advanced Technology Education (ATE) 50.58 51.62 51.62 1.04 2.1% - -
Alliances for Graduate Education and the Professoriate 15.27 1535 16.75 1.48 9.7% 1.40 9.1%
(AGEP)
Broadening Participation in Computing (BPC) 13.53 14.00 14.00 0.47 3.5% - -
Broadening Participation in the Biological Sciences - BIO 9.11 8.68 9.99 0.88 9.7% 131 15.1%
Centers of Research Excellence in Science and Technology 18.84 25.00 30.53 1169 62.0% 5.53 22.1%
(CREST)
Cyberinfrastructure Training, Education, Advancement and 0.31 10.00 - -0.31 -100.0% -10.00 -100.0%
Mentoring (CI-TEAM)
Experimental Program to Stimulate Competitive Research 102.11 111.10 11350 1139  11.2% 2.40 2.2%
(EPSCoR)
GEO LSAMP Linkages 1.00 1.00 1.00 - - - -
Graduate Research Diversity (GRD) - ENG - 0.75 0.75 0.75 N/A - -
Graduate Research Fellowships - Women in Engineering and 8.14 8.06 8.06 -0.08 -1.0% - -
Computer Science
H-1B Nonimmigrant Petitioner Fee programs 145.94 100.00 100.00f -4594  -31.5% - -
Historically-Black Colleges and Universities-Undergraduate 27.86 30.00 31.00 314 11.3% 1.00 3.3%
Program (HBCU-UP)
Informal Science Education (ISE) 63.93 65.00 66.00 2.07 3.2% 1.00 1.5%
Integrating Research & Education in Cyberinfrastucture - - 4.00 4.00 N/A 4.00 N/A
(IREC)
Louis Stokes Alliances for Minority Participation (LSAMP) 38.08 40.50 42.50 4.42 11.6% 2.00 4.9%
Math and Science Partnership (MSP) 45.95 48.50 51.00 5.05 11.0% 2.50 5.2%
Mentoring in Biology 6.35 5.00 5.00 -1.35  -21.2% - -
Minority Post-Docs 3.79 3.40 3.40 -0.39 -10.4% - -
BIO Minority Post-Docs 2.86 2.50 2.50 -0.36 -12.6% - -
SBE Minority Post-Docs 0.93 0.90 0.90 -0.03 -3.6% - -
Next Generation Workforce (NGW) - SBE 1.01 1.00 1.00 -0.01 -0.7%| - -
Noyce Scholarships 10.30 10.80 11.60 1.30 12.6% 0.80 7.4%
OISE Broadening Participation 1.00 1.00 1.00 N/A - -
Opportunities to Enhance Diversity in the Geosciences 4.60 4.60 4.60 - - - -
(OEDG)
Partnerships for Innovation (PFI) 9.19 9.19 9.56 0.37 4.0% 0.37 4.0%
Partnerships for Research and Education in Materials 354 5.08 9.00 546  154.2% 392 71.2%
(PREM) - MPS
Research in Disabilities Education (RDE) 5.37 6.00 6.50 1.13 21.0% 0.50 8.3%
Research on Gender in Science and Engineering (GSE) 9.92 10.25 11.50 1.58 15.9% 1.25 12.2%
Research Partnerships for Diversity (RPD) - MPS 0.08 2.50 2.50 2.42 3025.0% - -
Science, Technology, Engineering and Math Talent Expansion 28.90 29.70 29.70 0.81 2.8% - -
Program (STEP)
Significant Opportunities in Atmospheric Research and Science 051 051 051 - - - -
(SOARS) - GEO
Tribal College Pathways - ENG - 0.25 0.25 0.25 N/A - -
Tribal Colleges and Universities Program (TCUP) 10.42 12.85 13.35 2.93 28.1% 0.50 3.9%
Undergraduate Research Collaboratives (URC) - MPS 2.78 2.63 3.47 0.69 25.0% 0.84 31.9%
Subtotal, R&RA $182.62 $209.60 $211.13| $2851  15.6% $1.53 0.7%
Subtotal, EHR $325.45 $346.07 $363.30| $37.85 11.6%| $17.23 5.0%
Subtotal, H-1B Nonimmigrant Petitioner Fees $145.94 $100.00 $100.00] -$45.94 -31.5% - -
TOTAL, NSF $654.01 $655.67 $674.43]  $20.42 3.1%| $18.76 2.9%
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National Science Foundation

Learning Funding by Level of Education

FY 2009 Budget Request to Congress

(Dollars in Millions)

FY 2009 Request change over:

v 2007 EY 2008l EY 2009 FY 2007 Actual FY 2008 Estimate
Actual Estimatd Request] Amount Percentf Amount Percent
K-12 Programs $45.69 $48.17 $50.58 $4.90 10.7% $2.41 5.0%
Undergraduate Programs 296.54 300.29 313.53 16.99 5.7% 13.24 4.4%
Graduate & Professional Programs 308.45 308.38 344.47 36.02 11.7% 36.09 11.7%
Multi-level and Other Programs 134.32 151.98 156.40 22.08 16.4% 4.42 2.9%
TOTAL, NSF $785.00 $808.82 $864.98 $79.98 10.2%] $56.16 6.9%
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Number of People Involved in NSF Activities

It is estimated that in FY 2009 over 211,000 people will be directly involved in NSF programs and
activities, receiving salaries, stipends, or participant support. In addition, NSF programs indirectly impact
many millions of people. These programs reach K-12 students, K-12 teachers, the general public, and
researchers through activities including workshops; informal science activities such as museums,
television, videos, and journals; outreach efforts; and dissemination of improved curriculum and teaching
methods.

Number of People Involved in NSF Activities

FY 2007 FY 2008 FY 2009
Estimate  Estimate  Estimate

Senior Researchers 41,270 41,575 46,630
Other Professionals 13,095 13,150 14,505
Postdoctoral Associates 6,070 6,100 6,940
Graduate Students 35,415 35,705 40,775
Undergraduate Students 22,745 22,970 25,595
K-12 Students 11,415 12,625 13,250
K-12 Teachers 61,235 62,545 64,110
Total, Number of People 191,245 194,670 211,805

Senior Researchers include scientists, mathematicians, engineers, and educators receiving funding
through NSF awards. These include both researchers who are principal or co-principal investigators on
research and education projects, and researchers working at NSF-supported centers and facilities.

Other Professionals are individuals who may or may not hold a doctoral degree or its equivalent, who
are considered professionals, but are not reported as senior researchers, postdoctoral associates, or
students. Examples are technicians, systems experts, etc.

Postdoctoral Associates are individuals who have received Ph.D., M.D., D.Sc., or equivalent degrees and
who are not members of the faculty of the performing institution. Roughly 98 percent of postdoctoral
associates are supported through funds included in research projects, centers or facilities awards. Others
are recipients of postdoctoral fellowships.

Graduate Students include students compensated from NSF grant funds. Approximately 12 percent of
these students receive support through programs such as NSF Graduate Research Fellowships, Integrative
Graduate Education and Research Traineeship, and NSF Graduate Teaching Fellowships in K-12
Education. The balance assists senior researchers or postdoctoral associates in performing research, and
are supported through funds included in research projects, centers, or facilities awards. NSF provides
support for approximately five percent of the science and engineering graduate students in the U.S.

Undergraduate Students include students enrolled in technical colleges or baccalaureate programs
compensated from NSF grant funds. They may be assisting senior researchers or postdoctoral associates
in performing research, or participating in NSF programs aimed at undergraduate students, such as
Research Experiences for Undergraduates and the Louis Stokes Alliances for Minority Participation.

K-12 Students are those attending elementary, middle, and secondary schools. They are supported
through program components that directly engage students in science and mathematics experiences such
as teacher and student development projects.

K-12 Teachers include teachers at elementary, middle, and secondary schools. These individuals
actively participate in intensive professional development experiences in the sciences and mathematics.
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NSF By Account

(Actual Dollars in Millions - Current Dollars)

Major Research Agency
Research & Education Academic Equipment & Operations &  Office of  National
Related & Human Research Facilities Award  Inspector Science
Fiscal Year Activities Resources Infrastructure Construction Management General Board NSF|
1951 0.03 - - - 0.13 - - 0.15
1952 1.40 1.54 - - 0.53 - - 3.47
1953 2.14 141 - - 0.88 - - 4.43
1954 4.52 1.89 - - 1.55 - - 7.96
1955 8.86 2.08 - - 1.55 - - 12.49
1956 10.79 3.52 - - 1.68 - - 15.99
1957 21.98 14.30 - - 2.35 - - 38.63
1958 27.37 19.21 - - 2.93 - - 49.51
1959 66.33 61.29 - - 5.26 - - 132.88
1960 88.35 63.74 - - 6.51 - - 158.60
1961 103.98 63.44 - - 7.57 - - 174.99
1962 173.26 78.58 - - 8.98 - - 260.82
1963 218.90 90.99 - - 10.87 - - 320.75
1964 239.95 102.58 - - 12.05 - - 354.58
1965 282.44 120.41 - - 13.12 - - 415.97
1966 328.63 124.31 - - 13.09 - - 466.02
1967 327.70 123.36 - - 14.04 - - 465.10
1968 350.20 134.71 - - 15.38 - - 500.29
1969 292.90 123.11 - - 16.49 - - 432.50
1970 316.41 126.41 - - 19.68 - - 462.49
1971 369.37 105.00 - - 21.77 - - 496.14
1972 482.43 93.73 - - 24.56 - - 600.72
1973 519.42 62.23 - - 28.62 - - 610.27
1974 533.29 80.71 - - 31.66 - - 645.65
1975 581.23 74.03 - - 37.87 - - 693.13
1976 619.72 62.48 - - 42.23 - - 724.42
1977 671.98 74.26 - - 45.53 - - 791.77
1978 734.69 73.86 - - 48.70 - - 857.25
1979 791.76 80.41 - - 54.77 - - 926.93
1980 836.83 80.06 - - 58.24 - - 975.13
1981 900.36 75.70 - - 59.21 - - 1,035.27
1982 909.75 26.20 - - 63.18 - - 999.14
1983 1,013.02 22.98 - - 65.70 - - 1,101.69
1984 1,177.70 62.97 - - 66.26 - - 1,306.92
1985 1,344.56 90.56 - - 71.95 - - 1,507.07
1986 1,329.64 91.69 - - 71.84 - - 1,493.17
1987 1,439.97 109.88 - - 77.77 - - 1,627.62
1988 1,481.31 156.79 - - 84.47 - - 1,722.57
1989 1,600.53 194.06 - - 91.29 - - 1,885.88
1990 1,696.56 230.41 0.41 - 96.35 2.33 - 2,026.06
1991 1,868.45 331.91 39.02 - 101.23 2.89 - 2,343.49
1992 1,940.48 459.44 33.36 - 109.99 3.86 - 2,547.13
1993 2,046.31 505.06 49.75 34.07 110.84 3.69 - 2,749.73
1994 2,168.36 569.03 105.38 17.04 123.49 3.92 - 2,987.21
1995 2,281.46 611.88 117.46 126.00 129.01 4.46 - 3,270.27
1996 2,327.80 601.16 70.89 70.00 132.50 3.98 - 3,206.33
1997 2,433.93 619.14 30.02 76.13 134.27 5.33 - 3,298.82
1998 2,572.62 633.16 - 78.21 136.95 4.80 - 3,425.73
1999 2,821.61 662.48 - 56.71 144.08 5.41 - 3,690.28
2000 2,979.90 683.58 - 105.00 149.28 5.60 - 3,923.36
2001 3,372.30 795.42 - 119.24 166.33 6.58 - 4,459.87
2002 3,615.97 866.11 - 115.35 169.93 6.70 - 4,774.06
2003 4,054.43 934.88 - 179.03 189.42 8.70 2.88] 5,369.34
2004 4,293.34 944.10 - 183.96 218.92 9.47 2.22| 5,652.01
2005 4,234.82 843.54 - 165.14 223.45 10.17 3.65| 5,480.77
2006 4,351.03 798.48 - 233.81 247.06 11.47 3.94] 5,645.79
2007 4,656.33 797.76 - 166.21 248.49 11.92 3.65| 5,884.37
2008 Estimate" 4,821.47 72560 - 220.74 281.79 11.43 3.97| 6,065.00
2009 Request 5,593.99 790.41 147.51 305.06 13.10 4.03] 6,854.10

“ EPSCoR funding will be moved from Education and Human Resources to Research and Related Activities in FY 2008.
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NSF By Account

(FY Actuals - FY 2008 Constant Dollars in Millions)

Major Research Agency
Research & Education Academic Equipment & Operations &  Office of  National
Related & Human Research Facilities Award  Inspector Science
Fiscal Year Activities Resources Infrastructure Construction ~ Management General Board NSF|
1951 0.18 - - - 0.88 - - 1.07
1952 9.54 10.47 - - 3.61 - - 23.61
1953 14.28 9.41 - - 5.85 - - 29.54
1954 29.82 12.47 - - 10.20 - - 52.49
1955 57.96 13.61 - - 10.11 - - 81.67
1956 68.77 22.44 - - 10.71 - - 101.91
1957 135.01 87.83 - - 14.44 - - 237.28
1958 163.20 114.50 - - 17.49 - - 295.18
1959 389.36 359.76 - - 30.88 - - 780.00
1960 512.43 369.69 - - 37.75 - - 919.87
1961 594.56 362.77 - - 43.29 - - 1,000.62
1962 979.74 444.34 - - 50.77 - - 1,474.84
1963 1,222.46 508.13 - - 60.68 - - 1,791.26
1964 1,324.23 566.12 - - 66.52 - - 1,956.87
1965 1,532.33 653.27 - - 7117 - - 2,256.77
1966 1,745.60 660.31 - - 69.53 - - 2,475.43
1967 1,686.26 634.78 - - 72.27 - - 2,393.31
1968 1,740.28 669.43 - - 76.42 - - 2,486.13
1969 1,391.93 585.05 - - 78.36 - - 2,055.35
1970 1,425.77 569.62 - - 88.66 - - 2,084.05
1971 1,585.23 450.63 - - 93.43 - - 2,129.29
1972 1,977.11 384.13 - - 100.66 - - 2,461.91
1973 2,038.83 244.27 - - 112.34 - - 2,395.43
1974 1,952.34 295.48 - - 115.89 - - 2,363.71
1975 1,927.41 245.49 - - 125.57 - - 2,298.47
1976 1,916.74 193.25 - - 130.60 - - 2,240.59
1977 1,933.55 213.68 - - 131.01 - - 2,278.23
1978 1,980.64 199.13 - - 131.28 - - 2,311.05
1979 1,975.35 200.60 - - 136.63 - - 2,312.58
1980 1,919.51 183.64 - - 133.59 - - 2,236.74
1981 1,881.03 158.15 - - 123.69 - - 2,162.88
1982 1,778.91 51.23 - - 123.54 - - 1,953.68
1983 1,897.07 43.03 - - 123.03 - - 2,063.14
1984 2,126.98 113.72 - - 119.66 - - 2,360.36
1985 2,351.97 158.40 - - 125.86 - - 2,636.23
1986 2,272.98 156.74 - - 122.80 - - 2,552.53
1987 2,398.97 183.06 - - 129.56 - - 2,711.58
1988 2,392.57 253.24 - - 136.43 - - 2,782.24
1989 2,488.45 301.72 - - 141.93 - - 2,932.09
1990 2,543.28 345.40 0.61 - 144.44 3.49 - 3,037.22
1991 2,699.61 479.55 56.38 - 146.25 4.17 - 3,385.97
1992 2,734.91 647.53 47.01 - 155.02 5.44 - 3,589.91
1993 2,820.11 696.05 68.57 46.95 152.75 5.08 - 3,789.51
1994 2,925.41 767.70 142.17 22.99 166.60 5.28 - 4,030.16
1995 3,014.56 808.49 155.20 166.49 170.47 5.89 - 4,321.10
1996 3,017.84 779.37 91.91 90.75 171.77 5.15 - 4,156.79
1997 3,101.29 788.90 38.25 97.00 171.09 6.79 - 4,203.33
1998 3,238.71 797.09 - 98.45 172.40 6.04 - 4,312.70
1999 3,506.14 823.20 - 70.46 179.03 6.72 - 4,585.56
2000 3,629.52 832.60 - 127.89 181.82 6.82 - 4,778.66
2001 4,012.76 946.48 - 141.89 197.92 7.83 - 5,306.88
2002 422187 1,011.24 - 134.68 198.40 7.82 - 5,574.01
2003 4,639.95  1,069.89 - 204.88 216.77 9.96 3.30| 6,144.75
2004 4,789.60  1,053.23 - 205.22 244.22 10.56 2.48| 6,305.32
2005 4,584.49 913.19 - 178.78 241.90 11.01 3.95| 5,933.32
2006 4,569.37 838.55 - 245.54 259.46 12.05 4.14| 5,929.10
2007 4,769.10 817.08 - 170.24 254.51 12.21 3.74| 6,026.87
2008 Estimate" 4,821.47 72560 - 220.74 281.79 11.43 3.97| 6,065.00
2009 Request 5,469.60 772.83 - 144.23 298.28 12.81 3.94| 6,701.69

“ EPSCoR funding will be moved from Education and Human Resources to Research and Related Activities in FY 2008.
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National Science Foundation Current Authorizations

FY 2007 Authorization Levels FY 2008
LEGISLATION Actual FY 2007 FY 2008 FY 2009 Estimate
(Dollars in Millions)

National Science Foundation Act of 1950 (P.L. 81-507)"

Scholarships and Graduate Fellowships within limits of funds made available for this purpose
General Authority within the limits of available appropriations
Administering Provisions to make such expenditures as may be necessary
International Cooperation and Coordination with Foreign Policy within the limit of appropriated funds
Contract Arrangements utilize appropriations available

NSF Authorization Act of 2002 (P.L.107-368)> $9,839.26

America Competes Act (P.L.110-69)3 $5,884.37 $6,600.00 $7,326.00 $6,065.00
Account and Program Specific
Research and Related Activities $4,764.70 $5,156.00 $5,742.30 $4,821.47
Experimental Program to Stimulate Competitive Research $102.11 $120.00 $133.20 $111.10
Faculty Early Career Development (CAREER) Program $187.40 $165.40 $183.60 $167.76
Graduate Research Fellowship Program $8.04 $9.00 $10.00 $8.14
Integrative Graduate Education and Research Traineeship Program $42.37 $47.30 $52.50 $42.37
Major Research Instrumentation $90.00 $115.00 $123.10 $93.90
Professional Science Master's Degree Program - $10.00 $12.00 -
Research Experiences for Undergraduates $63.28 $61.60 $68.40 $57.73
Education and Human Resources $698.00 $896.00 $995.00 $725.60
Advanced Technology Education $50.58 $52.00 $57.70 $51.62
Graduate Research Fellowship Program $86.18 $96.60 $107.20 $88.10
Integrative Graduate Education and Research Traineeship Program $25.27 $27.10 $30.10 $25.00
Mathematics and Science Education Partnerships $45.95 $100.00 $111.00 $48.50
Science, Mathematics, Engineering, and Technology Talent Expansion Program $28.90 $40.00 $50.00 $29.70
Robert Noyce Scholarship Program $10.30 $89.80 $115.00 $10.80
Major Research Equipment and Facilities Construction $190.90 $245.00 $262.00 $220.74
Agency Operations and Award Management $246.80 $285.60 $309.76 $281.79
National Science Board $4.00 $4.05 $4.19 $3.97
Office of the Inspector General $11.40 $12.35 $12.75 $11.43
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FY 2007 Authorization Levels FY 2008
LEGISLATION (cont.) Actual FY 2007 FY 2008 FY 2009 Estimate

Program Specific

Computer and Network Security Capacity Building Grants $20.00 $20.00

Computer and Network Security Research Centers® $14.00 $36.00

Computer and Network Security Research Grants® $50.00 $60.00

Graduate Traineeships in Computer and Network Security $15.00 $20.00
21st Century Nanotechnology Research and Development Act (P.L.108-153)

Nanoscale Science and Engineering $388.69 $449.00 $476.00 $388.69
National Earthquake Hazards Reduction Program Reauthorization Act of 2003 $54.20 $40.31 $41.52 $42.77 $55.63
(P.L.108-360)

National Windstorm Impact Reduction Act of 2004 (P.L.108-360) $6.20 $9.40 $9.40 *
Consolidated Appropriations Act, 2001 (P.L.106-554); Small Business Technology
Transfer Program Reauthorization Act of 2001 (P.L.107-50)
Small Business Innovation Research (SBIR) Program $97.20 2.5% of research funds (SBIR) $97.85
Small Business Technology Transfer (STTR) Program $11.47 0.3% of research funds (STTR) $11.52

*Organic language establishing NSF, authorization and appropriation language may not correspond to current accounts and programs.

?Authorized agency funding through FY 2007; authorization levels not specified below agency level.

® Authorizes agency funding for FY's 2008-100; authorizes agency, account, and various program levels.
* Excludes graduate student support for US citizens and permanent residents.

* Actual amounts will be reported after awards are completed.
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RESEARCH AND RELATED ACTIVITIES $5,593,990,000

The FY 2009 Budget Request for the Research and Related Activities (R&RA) Appropriation is
$5,593.99 million, an increase of $772.52 million, or 16.0 percent, above the FY 2008 Estimate of
$4,821.47 million. Support from the R&RA Appropriation enables U.S. leadership and progress across
the frontiers of scientific and engineering research and education.

Sustained, targeted investment by NSF in fundamental science and engineering advances discovery and
learning and spurs innovation. Such transformational work holds great promise for meeting the myriad
social, economic, and environmental challenges faced by both the Nation and the world. And as global
competition in science and engineering becomes more intense, continued support for high-risk, high-
reward research is vital to U.S. competitiveness.

To meet these challenges set forth in the American Competitiveness Initiative (ACI) and America
COMPETES Act, the R&RA portfolio for FY 2009 places priority on potentially transformative activities
involving all fields of science and engineering.

Research and Related Activities
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate Reguest Amount Percent
Biological Sciences $608.54 $612.02 $675.06 $63.04 10.3%
Computer and Information Science and Engineering 526.68 534.53 638.76  104.23  19.5%
Engineering 629.99 636.87 759.33 12246  19.2%
Geosciences 745.85 752.66 848.67 96.01 12.8%
Mathematical and Physical Sciences 1,150.73 1,167.31 1,402.67 235.36 20.2%
Social, Behavioral and Economic Sciences 214.54 215.13 233.48 18.35 8.5%
Office of Cyberinfrastructure 182.42 185.33 220.08 3475 18.8%
Office of International Science and Engineering® 40.36 41.34 47.44 6.10 14.8%
Office of Polar Programs 438.43 442.54 490.97 4843  10.9%
Integrative Activities® 219.45 232.27 276.00 4373  18.8%
U.S. Arctic Research Commission 1.45 1.47 1.53 0.06 4.1%
Total, Research and Related Activities $4,758.44  $4,821.47 $5593.99 $77252  16.0%

Totals may not add due to rounding.

1 OISE FY 2007 Actual excludes $5.46 million provided to NSF by the U.S. Department of State for an award to the U.S. Civilian Research and
Development Foundation.

2 Includes funding for EPSCoR for all years shown for comparability. Prior to FY 2008, the program was funded through the Education and Human
Resources appropriation.
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Research and Related Activities

RESEARCH AND RELATED ACTIVITIES

Appropriation Lanquage

For necessary expenses in carrying out the National Science Foundation Act of 1950, as amended (42
U.S.C. 1861-1875), and the Act to establish a National Medal of Science (42 U.S.C. 1880-1881); services
as authorized by 5 U.S.C. 3109; maintenance and operation of aircraft and purchase of flight services for
research support; acquisition of aircraft; and authorized travel; $4,821,474.000,%5,593,990,000, to remain
available until September 30, 2009,2010, of which not to exceed $518,000,0003$540,000,000 shall remain
available until expended for polar research and operations support, and for reimbursement to other
Federal agencies for operational and science support and logistical and other related activities for the
United States Antarctic program: Provided That, from funds specified in the fiscal year 20082009 budget
request for icebreaking services, up to $57,8600,000$54,000,000 shall be available for the procurement of
polar icebreaking services: Provided further, That the National Science Foundation shall only reimburse
the Coast Guard for such sums as are agreed to according to the eX|st|ng memorandum of agreement

receipts for smentlflc support services and materials furnlshed by the Natlonal Research Centers and other
National Science Foundation supported research facilities may be credited to this appropriation. (Science
Appropriations Act, 2008.)

Research and Related Activities

FY 2009 Summary Statement
(Dollars in Millions)

Total Obligations

Enacted/ Carryover/ P.L.110-161 Total Adjusted  Incurred/

Request Recoveries  Rescission Transfers' Expired Resources EPSCoOR Resources Est.
FY 2007 Approp.  $4,665.95 $8.28 - $5.46 -$0.72 $4,678.97 $102.11 $4,781.08 $4,758.44
FY 2008 Estimate’  4,821.47 22.63 -17.17 - 4,826.93 - 4,826.93 4,826.93
FY 2009 Request’  5,593.99 - - - - - 5593.99  5593.99
$ Change from FY 2008 $767.06
% Change from FY 2008 15.9%

Totals may not add due to rounding.

MTransferred from the U.S. International Development Cooperation Agency for an award to the U.S. Civilian Research and Development
Foundation.

“The FY 2008 Estimate for R&RA includes $111.10 million for EPSCOR. The FY 2009 Request for R&RA includes $113.5 million
for EPSCoR. Prior to FY 2008, EPSCoR was funded through the Education and Human Resources appropriation.

Adjustments to Base

In FY 2007, 102.11 million is being reported for EPSCoR in the Integrative Activities activity within the
R&RA appropriation. The R&RA FY 2009 Summary Statement table includes information for EPSCoR
from FY 2007 through FY 2009.
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FY 2009 NSF Budget Request to Congress

RESEARCH AND RELATED ACTIVITIES
FY 2009 Performance Highlights

The table below shows the strategic planning and evaluation framework for activities funded through the
R&RA appropriation. This framework was established in the NSF Strategic Plan for FY 2006-2011.
NSF's strategic outcome goals are assessed annually by the Advisory Committee for GPRA Performance
Assessment.  Investments are assessed further using the Program Assessment Rating Tool (PART).
Additional details are available in the Performance Information section of this document.

Research and Related Activities

By Strategic Outcome Goal
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actuals Estimate Request Amount Percent
Discovery' $3,042.74  $3,099.48  $3,670.27 $570.79  18.4%
Learning 271.62 272.75 280.10 7.35 2.7%
Research Infrastructure 1,395.31 1,396.82 1,573.35 176.53 12.6%
Stewardship 48.77 52.42 70.27 17.85 34.1%
Total, NSF $4,758.44  $4,821.47  $5,593.99 $772.52  16.0%

Totals may not add due to rounding.

! Funding for EPSCoR is shown in all years for comparability. Prior to FY 2008, EPSCoR was funded through the
Education and Human Resources appropriation.
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BIOLOGICAL SCIENCES $675,060,000

The FY 2009 Budget Request for the Directorate for Biological Sciences (BIO) is $675.06 million, an
increase of $63.04 million, or 10.3 percent, over the FY 2008 Estimate of $612.02 million.

Biological Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Molecular and Cellular Biosciences (MCB) $111.50 $112.51 $126.10 $13.59 12.1%
Integrative Organismal Systems (10S) 202.31 199.86 216.27 16.41 8.2%
Environmental Biology (EB) 109.60 110.86 125.64 14.78 13.3%
Biological Infrastructure (BI) 80.23 86.94 86.99 0.05 0.1%
Emerging Frontiers (EF) 104.90 101.85 120.06 18.21 17.9%
Total, BIO $608.54 $612.02 $675.06 $63.04 10.3%

Totals may not add due to rounding.

The Plant Genome Research program has been assigned as a program element within the 10S Subactivity. Further details are
provided in the restructuring cross-walk table.

The mission of the BIO Directorate is to enable discoveries for understanding life. Through its
investments in innovative and transformative research, BIO advances the frontiers of knowledge in the
life sciences, increases our understanding of complex living systems, and provides the theoretical basis
for advances in other sciences and engineering.

Biological research leading to the development of novel technologies to generate, store, and analyze
molecular, genetic, cellular, organismal, evolutionary, and ecological data is stimulating innovation in the
physical sciences, engineering, and computer science, a primary goal of the Administration’s American
Competitiveness Initiative (ACI).

BIO Subactivity Funding
(Dollars in Millions)
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Biological Sciences

RELEVANCE

NSF is the major source of federal funding for _ _

non-medical, fundamental life sciences research at Feceral Support Tor Basic Research in
L L . . on-Medical Biological Sciences

academic institutions, providing 67 percent of this at Academic Institutions

support. Issues of national importance related to

the environment, economy, agriculture, and human NSF

welfare require an understanding of how complex 67%

living systems function and interact with non-

living systems. Research supported by BIO

enhances this understanding. As the physical,

computational, mathematical, and engineering fields increasingly use living systems to address major

questions in their areas, it is essential to maintain a robust investment in the non-medical biological

sciences. Biological research uncovers the principles that form the foundation for the interdisciplinary

grand challenge questions.

Other federal
spending
33%

Living organisms have evolved mechanisms for efficiently using energy, producing an endless array of
novel compounds, and storing information in a highly compact, adaptable format. Fundamental
biological research is working to make this 3.5 billion years of biological innovation available to inform
the next generation of nano-, bio-, and information technologies. Basic research to understand how
genomic information is encoded and specifically expressed will provide new and important opportunities
to improve existing computational tools, and develop new computational technologies with broad
application in the life and physical sciences and engineering.

The explosion of heterogeneous data about complex biological systems is providing rich opportunities for
developing innovative cyberinfrastructure to integrate knowledge. Integrating knowledge about
individual biological units into networks, from the molecular level to the ecosystem scale, is a leading
challenge in biology. Connecting individual networks to understand complex biological webs will
require the collaborative effort of all biological sub-disciplines working with other fields of science and
engineering. The focus on multiple scales of biological organization builds on the current vigor of
biological inquiry, but envisions a stronger conceptual and theoretical basis as researchers strive to
uncover basic principles of organization, form, and function. This will enable breakthroughs in
nanotechnology and biotechnology.

BI1O is uniquely suited to advance our understanding of complex biological systems, in keeping with the
Administration’s FY 2009 R&D priorities, through its ability to integrate research across the entire range
of biological systems and scales. Biological concepts are integral to wide-ranging areas of science,
including national priorities such as nanotechnology, biotechnology, bioengineering, climate change
science, and water. Mathematical modeling and computational simulations have become critical to
leading edge biology by advancing our understanding of non-linear systems such as invasive species
dynamics and gene regulation.

B10 has made significant contributions to understanding the changing dynamics of the biosphere through
investment in interdisciplinary research. Continued investment will improve the capabilities for
predicting a changing biosphere, and will foster development of broadly-testable theories that link the
biosphere, geosphere, and atmosphere in a project like the National Ecological Observatory Network
(NEON).
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FY 2009 NSF Budget Request to Congress

Summary of Major Changes by Division (Dollars in Millions)
FY 2008 EStIMAte, BIO ... ..o ee e eee et et et e e e et e e et e e e e e e e e $612.02

Enhanced support for disciplinary and interdisciplinary research across BIO’s core programs is
the highest priority in FY 2009. The FY 2009 requested increase for core programs will help to
restore funding rates and numbers of research awards to FY 2007 levels following a projected
decrease of 5% across the board along with a decrease in funding rates to 15% in FY 2008.
Included will be support for a new activity, Life in Transition. The role of the living world in
adapting to and shaping a changing Earth is found in the fundamental questions at the junction
of the life and physical sciences. NSF is the best positioned agency to lead a comprehensive,
trans-disciplinary approach to understanding the changing biosphere.

Molecular and Cellular Biosciences (MCB) +$13.59
Disciplinary and interdisciplinary research in the MCB core will increase to enhance support for
projects that incorporate metagenomics, theoretical and mathematical modeling, synthetic
biology, small RNA biology, and the role of the intracellular environment on the dynamic
structure and function of complex biomolecules. MCB investments in the new Life in
Transitions activity will contribute to advancing our understanding of the origin of life through
synthetic biology research; and the new Adaptive Systems Technology activity brings biological
and physical systems into convergence, to enable revolutionary advances in the development of
novel adaptive systems by translating advances in neuroscience into engineered systems.

Integrative Organismal Systems (10S) +$16.41
Disciplinary and interdisciplinary research in the 10S core will increase to emphasize integrative
research, with special attention to new activities in Adaptive Systems Technology, Life in
Transition, and Dynamics of Water Processes in the Environment. 10S will support innovative
studies that promise to provide a deeper understanding of the properties emerging from the
interactions of the myriad of processes and structures of living systems. In addition, enhanced
support for the Plant Genome Research Program will build on the prior ten years of investment
as part of the National Plant Genome Initiative (NPGI). Continued support for genome-enabled
plant biology research will build on the knowledge and research resources and tools
accumulated to date, including continued support for collaborations between U.S. scientists and
scientists in developing countries that focus on plant genomics and plant biotechnology.

Environmental Biology (DEB) +$14.78
Disciplinary and interdisciplinary research in the DEB core will emphasize support for
biodiversity research with increased emphasis on resolving uncertainties regarding the ancestry
of microbial life forms. The explosion of genomics-level information about living organisms
has opened up new avenues of inquiry that relate the adaptability and dynamics of populations
to their genetic makeup. DEB will continue to play a major role in emphasizing research to
reduce uncertainties in global climate projections. Special attention will be placed on the new
activities for Dynamics of Water Processes in the Environment and Life in Transition.

Biological Infrastructure (DBI) +$0.05
Funding for DBI remains flat for FY 2009, except for an increase for Stewardship activities.
Programmatic evaluations for all DBI programs will continue in FY 2009 with the goal to
identify those research and human resources that are most effective and essential to advancing
the frontiers in the biological sciences.
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Biological Sciences

Emerging Frontiers (EF) +$18.21
Programmatic funding in EF provides seed funds for new transformational research activities at
the leading edge of biology and science. EF also provides support and oversight for biological
centers and facilities. In FY 2009, EF will provide venture funding for the Life in Transition
activity, and will contribute to the NSF-wide investment, Dynamics of Water Processes in the
Environment. In addition, significant investment will be made to support Centers and facilities,
including: establishment of the Center for Research at the Interface of the Mathematical and
Biological Sciences, enhanced support for the Plant Science Cyberinfrastructure Collaborative,
and enhanced support for the Center for Environmental Implications of Nanotechnology begun
in FY 2008. Support for NEON will increase for continued project development to prepare for
final design reviews in FY 2009.

Subtotal, Changes +$63.04
FY 2009 ReQUESTE, BIO .. .. ettt et et et e e e e et et et et et e e e e e $675.06
Summary of Major Changes in Directorate-wide Investments (Dollars in Millions)
FY 2008 EStIMate, BlO ... .ot e e e e e e e e e e e e e e e e e $612.02
Discovery +$54.80

Core BIO Investments (+$33.44 million).

Increasing support for basic research in biology will yield insights that can be used innovatively
to produce the next generation of nano-, bio-, and information technologies. Support of
fundamental scientific discovery in areas such as these will have major impacts on quality of
life, technological innovation, economic competitiveness, and new job growth — high priorities
of the ACI. Support will focus on: unlocking the genetic code; network and cross-scale analysis
from cells to societies; theoretical and conceptual basis of biology; and changing dynamics of
the biosphere.

Life in Transition (+$10.0 million).

Funding will support research on the indispensable properties of living systems; the
fundamental characteristics of biological energy systems and their potential utility; and the
mechanisms and principles of resilience and sustainability that enable some life forms to
survive, adapt to, and transform their environment. In partnership with the National Aeronautics
and Space Administration (NASA), Life in Transition research will also determine the
biogeochemical conditions that enabled molecules to cross the barrier between non-living
organic chemistry and life, findings that can define and direct the search for life or proto-life
elsewhere in our solar system.

Adaptive Systems Technology (AST) (+3.49 million).
BI1O will contribute to this cross-Foundation activity by supporting research to determine how
living systems solve problems of form and function. This research will enable new generations
of innovative machines to explore and expand human abilities using systems that interface with
or mimic living neural networks. Research will be supported on neurosystems design
characteristics and principles that can lead to the development of new materials and
technologies such as neural networks and mechano-responsive biomaterials that mimic natural
systems in intelligence, adaptability, resilience, and robustness. Living and engineered systems
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will reciprocally inform fundamental understanding in areas such as movement control, and
sensing and adaptation to changing environments. This research will enable new generations of
biologically-inspired innovative technologies with great potential impact on U.S.
competitiveness.

Dynamics of Water Processes in the Environment (+$4.21 million).
Coordinated research on fresh water is critical to human health and economic prosperity. BIO’s
investments focus largely on research to understand the resilience that the presence of living
organisms confers to freshwater ecological systems. A major emphasis will be on ecological
forecasting to understand the impacts and feedbacks between climate and ecological change.

Centers (+$3.66 million).

o Centers for Analysis and Synthesis (+$4.80 million). The Plant Science Cyberinfrastructure
Collaborative established in FY 2008 will receive enhanced support to use advanced
computational and cyberinfrastructure capabilities and expertise to craft solutions to an
evolving array of grand challenges in plant science (+$2.48 million). The Center for Research
at the Interface of the Mathematical and Biological Sciences (CIMBS) will be established in
FY 2009 to stimulate research and education at the interface of the mathematical and
biological sciences (+$3.10 million). CIMBS will play a critical role in addressing national
needs, particularly in the area of modeling infectious diseases of animals and plants, providing
useful knowledge to policy makers, government agencies, and society. A total investment of
$16 million over 5 years in this center includes partnership contributions from the
Mathematical & Physical Sciences Directorate, Department of Homeland Security and United
States Department of Agriculture. Initiation of CIMBS was deferred from FY 2008. Other
centers for analysis and synthesis will see decreasing out-year adjustments. (-$780,000)

e Behavioral Neuroscience Science and Technology Center (-$1.19 million). Established in FY
2000, this center will receive a final year of funding in FY 2009.

e Center for Environmental Implications of Nanotechnology (CEIN) (+$50,000). CEIN will
receive a small increase as it ramps up to full year operations to conduct fundamental research
on the interactions between nano-particles, materials, and the living world at all scales. Total
investment of $5.0 million in this important center includes partnership contributions from
across NSF and the Environmental Protection Agency.

Research Infrastructure +$6.0

NEON (+$6.0 million). Increased investment in the National Ecological Observatory Network
(NEON) will sustain project design and development activities until completion of the
preliminary and final design reviews, expected in FY 2008 and FY 2009, and certification for
construction readiness.

Stewardship +$2.24

A number of activities are funded directly from NSF’s programs to advance NSF’s Stewardship
goal. These include Intergovernmental Personnel Act appointments, NSF-wide studies and
evaluations, and mission-related information technology investments. As is discussed further in
the Stewardship chapter of this Request, in FY 2009 NSF has realigned IT investments to tie
mission-related activities more directly to NSF’s programs.
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Subtotal, Changes +$63.04
FY 2009 ReqUESE, BIO .. .. ettt et e e e e e e e e e e e e e e e e $675.06
NSF-WIDE INVESTMENTS

In FY 2009, the Directorate for Biological Sciences will support research and education efforts related to

broad, Foundation-wide investments in a number of areas including NSF’s multidisciplinary priority areas
and the Administration’s interagency R&D priorities.

B1O NSF-wide Investments
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Adaptive Systems Technology $3.49 $3.49 N/A
Biocomplexity in the Environment 9.43 - - - N/A
Climate Change Science Program 15.10 15.10 15.10 - -
Cyber-enabled Discovery & Innovation - 1.00 2.65 1.65 165.0%
Cyberinfrastructure 90.50 97.13 99.78 2.65 2.7%
Dynamics of Water Processes in the Environment - - 4.21 4.21 N/A
Human and Social Dynamics 0.50 0.50 - -0.50 -100.0%
International Polar Year 2.00 2.00 - -2.00 -100.0%
Mathematical Sciences 111 - - - N/A
National Nanotechnology Initiative 52.55 55.55 56.60 1.05 1.9%
Networking and Information Technology R&D 83.50 83.50 86.15 2.65 3.2%

Adaptive Systems Technology (AST): A total of $3.49 million will support research to determine how
living systems solve problems of form and function, aiding the development of innovative technologies
that mimic natural systems in intelligence, adaptability, resilience, and robustness, including neural
networks and mechano-responsive biomaterials.

Biocomplexity in the Environment, Human and Social Dynamics, International Polar Year,
Mathematical Sciences: With the conclusion of these NSF-wide investments, components of each have
been transferred to core programs for continued support.

Climate Change Science Program (CCSP): CCSP was established to respond to the challenge of
understanding climate and climate variability. A total of $15.1 million will continue support for research
to address ecological rates of change and related impacts on species diversity. This includes support for
programs that specifically address terrestrial ecosystem responses to climate change through experimental
modeling and laboratory studies, including research through the Long Term Ecological Research (LTER)
program.

Cyber-enabled Discovery & Innovation (CDI): CDI capitalizes on the discovery potential of
fundamental scientific research to inform and expand today’s computational capabilities. BIO’s
investment in the Plant Science Cyberinfrastructure Collaborative will enable new conceptual advances in
biology through integrative, computational thinking. The collaborative will create intellectual synergy
among biologists, computer and information scientists, mathematicians, engineers, and others to drive
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discovery and address the grand challenges in plant science. An investment of $2.65 million in BIO will
contribute to the agency’s strategic goals of advancing the frontier of knowledge by creating new
computational concepts, methods, and tools, and will also contribute to the preparation of a workforce
with the computational competencies critical to continued U.S. competitiveness.

Cyberinfrastructure (CI): Improving high-end computing capability is an important objective of ACI
and is expected to increase our understanding of complexity across biological systems by accelerating the
pace and nature of biological discovery in the 21% century. A total of $99.78 million (+$2.65 million)
will support databases and informatics tools within BIO, including the Protein Data Bank (PDB), the
international repository and primary source for information about the structure of biological
macromolecules, and The Arabidopsis Information Resource (TAIR). FY 2009 funds will enhance
support for the Plant Science Cyberinfrastructure Collaborative that will enable new conceptual advances
in biology through integrative, computational thinking. The collaborative will create intellectual synergy
among biologists, computer and information scientists, mathematicians, engineers, social scientists and
others to drive discovery and address grand challenges in plant science.

Dynamics of Water Processes in the Environment (WATER): A total of $4.21 million will support
research on the resilience that is conferred by the presence of living organisms in freshwater ecological
systems. A major emphasis will be on the ecological forecasting necessary to understand impacts and
feedbacks associated with climate and environmental change.

National Nanotechnology Initiative (NNI): A total of $56.60 million (+$1.05 million) will continue
support for research on biosystems at the nanoscale that exhibit novel properties. Potential applications of
findings include exploiting functions of cellular organelles and nanoscale sensory systems, and the
development of nano- devices for research in genomics, proteomics, and cell biology. BIO will enhance
support for the Center for Environmental Implications of Nanotechnology.

Networking and Information Technology Research and Development (NITRD): A total of $86.15
million (+$3.0 million) will continue support for Human-Computer Interaction and Information
Management (HCI&IM) to increase the benefit of computer technologies for biology; and for Software
Design and Productivity (SDP) research leading to fundamental advances in concepts, methods,
techniques, and tools for software design. These efforts are critical to the future of research technologies
relevant to a broad range of scientific disciplines and related to ACI priorities.

QUALITY

BIO maximizes the quality of the R&D it supports through the use of a competitive, merit-based review
process. The percent of research funds allocated to projects that undergo external merit review was 97
percent in FY 2007, the last year for which complete data exist.

To ensure the highest quality in processing and recommending proposals for awards, BIO convenes
Committees of Visitors (COV), which are composed of qualified external evaluators who review each
program every three years. These experts assess the integrity and efficiency of the processes for proposal
review and provide a retrospective assessment of the quality of NSF’s investments. In June 2008, BIO
will convene COVs for both the Division of Molecular and Cellular Biosciences and Integrative
Organismal Systems.

The Directorate for Biological Sciences also receives advice from the Advisory Committee for Biological
Sciences (BIOAC) on such issues as: the mission, programs, and goals that can best serve the scientific
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community; how BIO can promote quality graduate and undergraduate education in the biological
sciences; and priority investment areas in biological research. The BIOAC meets twice a year. Members
from academic institutions and industry represent a cross section of biology. The Committee is balanced
with respect to gender, underrepresented minorities, and geographic regions.

PERFORMANCE

The FY 2009 Budget Request is aligned to reflect funding levels associated with the Foundation's four
goals stated in the FY 2006-2011 Strategic Plan. These goals provide a framework for progress in
fundamental research and education and facilitate budget and performance integration.

Biological Sciences

By Strategic Outcome Goal
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate Request Amount Percent
Discovery $443.42 $435.86 $490.66 $54.80 12.6%
Learning 47.17 43.14 43.14 - -
Research Infrastructure 112.38 127.02 133.02 6.00 4.7%
Stewardship 5.57 6.00 8.24 2.24 37.3%
Total, BIO $608.54 $612.02 $675.06 $63.04 10.3%

Totals may not add due to rounding.

BI1O will continue its commitment to education, training, and increasing diversity while emphasizing 21
Century Biology within all of its divisions and subactivities. The FY 2009 Request will slightly increase
award size and success rates. It will also continue to focus on interdisciplinary research and interagency
partnerships and activities, with special attention given to broadening participation at all levels.
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Recent Research Highlights

» Northern Forests Less Effective Than Tropical Forests in S
Reducing Global Warming: To help determine what happens L

to carbon emitted as carbon dioxide from industrial sources,
researchers analyzed flasks of air that had been collected for
decades by research aircraft over various global locations.
Results show that computer models of carbon had overestimated
the amount of carbon absorbed by northern forests and the
amount of carbon released by tropical ecosystems, and
underestimated net carbon emissions from northern forests.
This means that northern forests are doing significantly less and
tropical forests are doing significantly more to offset global
warming than predicted by computer models. Computer models  Northern forests play a smaller role in offsetting
were incorrect because they had relied on ground-level ~ giebdl warming than previously thought.  Credit
measurements and so had failed to accurately account for the '

vertical movement of carbon dioxide in the atmosphere. (DEB)

P Scientists Offer New View of Photosynthesis: To help determine how
plants efficiently scavenge nearly every photon of available light during
photosynthesis, researchers studied the reaction center of a photosynthetic
bacterium, where light energy is funneled into specialized chlorophyll-
binding proteins. By using an ultra-fast laser that acts like a high-speed
motion picture camera capturing lightning-fast reactions, the researchers
analyzed the orchestrated movements of proteins that occur on a timescale
of a millionth of a millionth of a second. This analysis revealed that during
photosynthesis, proteins move in the reaction center in ways that promote
electron transfer and maximize the harnessing of light energy even when

Biologists have discovered o i A
that a splitsecond, highly  conditions are not optimal. Such insights may support the development of

orchestrated process drives  grganic solar cells that use the same chemistry as living organisms to harvest

hotosynthesis. Credit: ASU. ,
g the sun's energy. (MCB)

» Biologists Develop Large Gene Dataset for Rice Plant: The largest gene
sequence database ever amassed for a plant species was created for rice. These
data will advance our understanding of how genes work in rice, which is the
major food crop for much of the world's population. Researchers will also use the
database to examine the role of small ribonucleic acids (small RNAS) in gene
expression in all plants. Though once considered biologically unimportant, small
RNAs are now known to play important roles in gene regulation. In this study,
advanced gene sequencing technologies and high-powered computer technologies
were used to examine both normal gene expression as well as small RNAs. The
dataset was based on gene sequences representing nearly 47 million mRNA
molecules and three million small RNAs. (PGR)

Plant biologists have reported a
new understanding of how genes
work in rice. Credit: Fangming
Xie, IRRI.

BIO-9



Biological Sciences

» Heart to Heart: Evolution of the multi-chambered heart: Researchers found that changing the

A transgenic Ciona embryo with expanded ets gene
activity makes twice as many heart precursors.
Normally only the anterior two cells (arrowheads)
will form the heart. Two additional heart precursors
are formed when ets gene activity is expanded and
this can result in an additional heart chamber in the
adult. Credit: This research was conducted by Brad
Davidson in the laboratory of Michael Levine.

activity of a single gene, named ets1/2, doubled the number
of cells in the developing sea squirt heart, which is single-
chambered. But instead of leading to a heart that was simply
twice as big, this doubling led to the formation of a
functional two-chambered heart. These results show that
small genetic changes can generate new, more complex
organs and structures. They provide clues about how the
heart evolved from an ancestral one-chambered organ into
the multi-chambered structure present today in humans and
other vertebrates. They also demonstrate that studies of a
single gene, in a non-mammalian species like the sea squirt,
can improve our understanding of human heart
cells and congenital heart defects. (10S)

» A New Way of ldentifying Bacteria in the
Environment: NSF funding enabled researchers at the

University of Wisconsin to develop a new method of = = |1/

identifying strains of bacteria in environmental samples,

such as lake or irrigation water. They invented a special . | Lo

type of mass spectrometer to distinguish between
bacterial strains based on analysis of proteins in the
cells. This method of protein profiling is more rapid and
less costly than DNA fingerprinting, the traditional
means of strain identification. Faster identification of
bacterial strains allows for a quicker response to

Protein fingerprint from mass spectrometer (left), DNA

possible health threats, such as the contamination Of fingerprint (center), recreational waters in Door County,

California spinach with a dangerous E. coli strain that  Wisconsin (right). Credit: University of Wisconsin at

sickened several hundred people in 2006. (DBI)

Oshkosh.

» Forming Groups Stabilizes Populations of Predators and Prey: Breaking with 80 years of

Scientists have found that being social and forming groups is a
protection against prey extinction. Credit: Craig Packer,
University of Minnesota.

ecological theory, scientists have found that the best
way to spot a sustainable relationship between social
predators and prey is to count not the animals, but the
groups they form. Social grouping was more strongly
correlated with the long-term  stability, or
sustainability, of the Serengeti ecosystem suggesting
that even if an ecosystem has lots of carnivores and
their herbivores, the two populations may be in trouble
if the animals are social but cannot readily form
groups. Ecologists have long modeled interactions
between predators and prey by taking head counts of
each species, ignoring the fact that many predators and
their prey both form social groups. But the number and
distribution of groups, rather than individuals, is most
important in determining how often and how long the

two species will interact. Results suggest that road building and other human disruptions that spread
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wildlife out and keep them from grouping have important implications for sustainably managing large

ecosystems like North American national parks. (DEB)

» X-Ray vision: Science Fiction to Science Fact:
Imagine being able to see inside an animal and watch its
bones move. Imagine if scientists had a better way to
study moving skeletons and doctors had a better way to
diagnose and study skeletal injuries. This capability
may no longer be out of reach. Researchers at Brown
University have developed a method of clearly
observing the movement of skeletons of living animals.
Using a novel technique called scientific
rotoscoping, the researchers simultaneously record
standard video of moving animals and X-ray images of
their moving skeletons. Seeing the movement of bones
from shoulder joints to wrists and legs, which this
technology provides, has many potential applications. It
could transform both applied work and basic research in
comparative biology and medicine. It could allow for
clearly observing bone movements, testing theories

Scientific Rotoscoping of a walking alligator (left). 3-D
computer models of shoulder and forelimb bones are
aligned to X-ray (lower right) and standard (upper right)
video frames. The resulting animations and data accurately
capture motion at each joint. Credit: David Baier.

about the mechanics of animal locomotion, and planning orthopedic surgeries, diagnosing injuries, and
observing the effectiveness of different clinical treatment techniques. (10S)

» MorphoBank: New Software to Facilitate Virtual Collaborations: Researchers designed a new

Screen shot from MorphoBank 2.0 showing
image zoom and labeling capabilities. Credit:
The MorphoBank Project.

Web application, called MorphoBank, which is revolutionizing
morphological biology, the branch of biology that addresses
the form and structure of organisms. MorphoBank is a secure
virtual workspace that provides powerful visual software for
comparing the morphology of organisms. This application
currently houses more than 3,000 images that range from
insects to fossils of humans, and its capabilities include zoom
and label features. By providing these features, MorphoBank
supports more archiving than was previously possible and
enables scientists to collaborate across large distances to reach
agreement on the descriptions and categorizations of biological
specimens, which is required to classify organisms.
Applications such as MorphoBank are becoming increasingly
important as large international collaborative efforts become
more common. (DBI)

BIO-11



Biological Sciences

Other Performance Indicators

The tables below show the number of people benefiting from BIO funding, along with trends in the award
size, duration, and number of awards.

Number of People Involved in BIO Activities

FY 2007 FY 2008 FY 2009
Estimate Estimate Estimate

Senior Researchers 4,106 4,010 4,290
Other Professionals 1,559 1,520 1,630
Postdoctorates 1,267 1,240 1,330
Graduate Students 2,641 2,580 2,760
Undergraduate Students 3,365 3,285 3,520
K-12 Teachers 58 58 58
Total Number of People 12,996 12,693 13,588

BI1O Funding Profile

FY 2007 FY 2008 FY 2009
Estimate Estimate  Estimate

Statistics for Competitive Awards:

Number 1,303 1,250 1,310
Funding Rate 19% 18% 19%
Statistics for Research Grants:
Number of Research Grants 970 930 975
Funding Rate 17% 15% 16%
Median Annualized Award Size $141,929 $149,000 $156,500
Average Annualized Award Size $182,246  $191,000 $200,600
Average Award Duration, in years 3 3 3

Biological Science Directorate Reorganization

In FY 2009, the Biological Sciences Directorate is requesting a realignment of two activities. The first
will move Plant Genome Research (PGR) as a new program line under the Integrative Organismal
Systems (10S) subactivity. The future activities of PGR will be facilitated by the pioneering systems
biology approaches and research projects emphasized and supported within 10S, and will provide an
integrated approach to funding plant genome research and the plant sciences. The second move will
transfer management and oversight of NEON to the Emerging Frontiers (EF) subactivity. This move will
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ensure strong management oversight and integrate NEON into the transformational and frontier science
supported by this subactivity at a critical time in its development.

B1O Reorganization Crosswalk — FY 2009
(Dollars in Millions)

New Structure Current Structure Total New
MCB 10S DEB DBI EF PGR Structure

Molecular and Cellular Biosciences (MCB) $126.10 $126.10
Integrative Organismal Systems (I0S) $115.05 $101.22 216.27
Research Project Support 115.05 115.05
Plant Genome Research Program 101.22 101.22
Environmental Biology (DEB) $0.64 125.64
Biological Infrastructure (DBI) $86.99 86.99
Emerging Frontiers (EF) 10.00 $110.06 120.06
Research Project Support 94.06 94.06
National Ecological Network Observatory (NEON) 10.00 16.00 26.00
Plant Genome Research Program (PGR) 0.00 0.00
Total Current Structure $126.10 $115.05 $125.64 $96.99 $110.06 $101.22 $675.06

Restructuring of IOS/PGR Organization:

The Plant Genome Research (PGR) subactivity was initiated in FY 1998 as part of the National Plant
Genome Initiative (NPGI). PGR is part of BIO’s Plant Biology portfolio that also includes the Plant
Cyberinfrastructure Collaborative established in FY 2008 and funded through EF, the 2010 program
supported separately from PGR by all the BIO divisions, and additional projects funded by core programs
via unsolicited proposals. These investments have established the U.S. as the world leader in fundamental
research in plant biology, transformed plant biology into a 21* century science, revitalized plant sciences
at U.S. colleges and universities, attracted a new generation of students to plant biology research, and
catalyzed large multinational collaborative plant genome research projects. The FY 2009 budget will take
the next steps to ensure US preeminence in plant biology research.

National and international reviews of the future of plant science research make the point that the future
improvement of economically important crops will come from integrating functional genomics, systems
biology, and novel genes from a diversity of plant species. To achieve this vision in FY 2009 PGR will
become a distinct program element in the Division of Integrative Organismal Systems (10S). In FY 2008
the 10S subactivity was realigned to focus on understanding emergent properties of living systems such
as complexity, sustainability, resilience, robustness, and adaptability. Understanding these properties
translates to practical plant characters like improved vyield, drought tolerance, and adaptation to a
changing climate by integrating genetic, developmental, physiological, and structural systems. Placing
PGR in the 10S research activity is a way to readily translate basic knowledge about how plants function
as systems into the improvement of economically important crops.

In FY 2009, the restructured subactivity will have two distinct program elements with separate
budgets: research project support aligned with established 10S programs and the plant genome research
program. While separate support will be maintained for each, there will be an increased emphasis on
interaction and integration of the science from both research communities to the benefit of both.
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Restructuring of DBI/EF Subactivities:

The National Ecological Observatory Network (NEON) was funded as a new start MREFC project in FY
2007. Restructuring the NEON project oversight from the Biological Infrastructure subactivity to the
Emerging Frontiers subactivity will allow for stronger management and oversight of the project at a
critical time in its development. In addition, the emerging frontier science expected as a result of the
NEON facility will complement other EF programs.
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MOLECULAR AND CELLULAR BIOSCIENCES $126,100,000

The FY 2009 Budget Request for the Division of Molecular and Cellular Biosciences (MCB) is $126.10
million, an increase of $13.59 million, or 12.1 percent, over the FY 2008 Estimate of $112.51 million.

Molecular and Cellular Biosciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008  FY 2009 FY 2008 Estimate
Actual Estimate Request ~ Amount Percent

Molecular and Cellular Biology $111.50 $112.51 $126.10 $13.59 12.1%
Major Components:
Research & Education Projects 111.50 112.51 126.10 13.59 12.1%
About MCB:

The Molecular and Cellular Biosciences Division supports research aimed at illuminating the molecular
underpinnings and defining the indispensable properties of complex living systems. Creative ideas and
insights from MCB-supported investigators transform our understanding of the natural world and the
molecular basis for the emergence of life on Earth. This research will lead to a better understanding of
form and function in multi-scale, complex, biological systems, and of the dynamic interactions of living
systems with the physical world. These advances contribute to our economy through discoveries pointing
to new products and processes with applications in biotechnology, nanotechnology, and agriculture and
contribute to our ability to detect and defend against biological threats.

Key biological questions in MCB-supported projects address the fundamental principles that determine the
structural, functional, and dynamic properties of the complex molecular machinery involved in genetic,
cellular, and signaling processes in all organisms, with a particular emphasis on microbial and plant systems.
Answering such major biological questions increasingly requires the tools of genomics, the physical
sciences, mathematics, computer and information science, and engineering, as well as integration of
theoretical and experimental approaches.

MCB continues to forge partnerships to support research at the interfaces of these complementary
disciplines, to introduce new analytical and conceptual tools for biological research, and to provide unique
education and training opportunities for the next generation of researchers, scientific educators, and
scientifically literate citizens. Leading edge cyberinfrastructure is indispensable in MCB-supported
research for capturing, storing, manipulating, and analyzing large volumes of diverse data.

MCB supports multidisciplinary research through three scientifically-focused clusters. Within the
Biomolecular Systems cluster, the use of cutting-edge technologies is a priority to integrate theoretical
and experimental approaches to study the dynamic properties of biological molecules and their complexes
(paradigms for nanomachines). Nanoscale studies of the structure, function, and assembly of cellular
elements are a priority for the Cellular Systems cluster. The Genes and Genome Systems cluster
emphasizes genome dynamics, genetic circuitry, and genetic mechanisms used by living systems to
express and regulate the information encoded in the genome.
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In general, 34 percent of the MCB portfolio is available for new research grants. The remaining 66
percent is used primarily to fund continuing grants made in previous years.

MCB priorities for FY 2009:

MCB will place the highest priority on innovative, creative, and potentially transformative projects that
advance our understanding of the molecular underpinnings of complex living systems. The transfer of
energy and information among a heterogeneous group of individual units (molecules, cells, organisms,
and/or populations) is critical for orchestrating many of the unique properties of life such as robustness
and resilience. Furthermore, it is now realized that the DNA sequence encodes far more information than
what is used to determine protein sequences, and that biomolecules contain much more heritable
information than what is encoded in the sequence of nucleotides. Research that deepens our
understanding of the networks and interactions that govern the flow of energy and information in living
systems, and the myriad ways in which information is encoded within biomolecules, cells, and organisms,
will be highlighted.

Building connections with the physical sciences is instrumental in enhancing the theoretical,
computational, mathematical, and simulation approaches that are critical for studies of biological
complexity at the molecular and cellular level. Thus, MCB will also give priority to opportunities that
benefit research at the interface and in the intersection between the physical sciences and biology, as
investments in interdisciplinary research are likely to lead to transformative breakthroughs in these
critical areas.

MCB will continue to place a high priority on efforts to integrate research and education and to broaden
participation by infusing these values throughout all of the core activities, and also by supporting awards
made through the NSF-wide CAREER and Research at Undergraduate Institutions programs.

Changes from FY 2008:

Guided by the priorities described above, research and education supported in the MCB core will
increase by $13.59 million. Following a reduction in research awards (-5%) and decrease of 12% in
success rates (from 17% to 15%) in FY 2008, this increase will focus on improving average award sizes
to enable transformative research and provide for the integration of research and education—endeavors
that have significantly increased the cost of research.

o Emphasis areas of research (+11.59M): Projects that incorporate metagenomics, theoretical and
mathematical modeling, synthetic biology, small RNA biology, protein folding and modifications, and
the role of the intracellular environment in the dynamic structure and function of complex
biomolecules will be emphasized, as will those that address critical questions in microbial and plant
systems.

o Interface of the Physical and Life Sciences (+2.0M): The new Life in Transition activity will
contribute to advancing our understanding of the origin of life through synthetic biology research, and
the flow of energy through natural systems. MCB-supported research at the interface of the physical
sciences is well-positioned to address how the building blocks and heritable units of life, and life
processes, evolved under the physical and chemical conditions that existed on the early, prebiotic
Earth.
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INTEGRATIVE ORGANISMAL SYSTEMS $216,270,000

The FY 2009 Budget Request for the Division of Integrative Organismal Systems (I0S) is $216.27
million, an increase of $16.41 million, or 8.2 percent, over the FY 2008 Estimate of $199.86 million.

Integrative Organismal Systems Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate Request Amount Percent

Integrative Organismal Systems $202.31  $199.86  $216.27 $16.41 8.2%

10S Project Support $101.50  $101.99  $115.05 $13.06 12.8%
Plant Genome Research Program 100.81 97.87 101.22 3.36 3.4%
About 10S:

Biology, in the context of the organism, addresses questions that cannot be answered by focusing on the
extremes of molecules or ecosystems. Innovations in genomics, molecular biology, and computer science
are now enabling advancement of the frontiers of knowledge on an array of complex questions. The goal
of 10S-funded research is to predict why organisms are structured the way they are and function as they
do with a particular emphasis on emergent properties of organisms (including complexity, robustness,
communication, cooperation, and adaptability). Understanding these emergent systems properties of
organisms requires integrative, interdisciplinary approaches and innovative integration of information
across levels of analysis and stages of development, across phyla, environments, and evolutionary time.
It can also require computational techniques and interdisciplinary perspectives from other areas of
biology, the physical sciences, mathematics, engineering, social sciences, and computer science.

Advancing understanding of living systems cannot be achieved merely by enumerating and describing
their individual components. 10S researchers are now advancing the frontier of understanding complex,
dynamic organismal systems in their natural environments by building on investments in genome
sequencing and projects that have accumulated in-depth knowledge of the molecular nature of biological
systems. New knowledge and insights gained from plant genomics, for example, are leading to
unexpected discoveries and conceptual advances in our understanding of the biology of plants.

Innovative studies offer potential solutions to many critical national problems such as energy production,
carbon sequestration, improved crop Yyields, environmental clean up, improved diagnosis and treatment of
disease, as well as better protection of people from environmental hazards. For example, organisms could
be modified to serve as sensitive detectors for dangerous pathogens and toxins, or to create novel
materials, catalysts, and drugs. Finally, advancing our understanding of how emergent properties arise in
organisms may ultimately lead to a paradigm shift in the design, engineering, and production of
biomimetic materials and machines, such as highly maneuverable, advanced aircraft.

The 10S portfolio has two interactive and integrative programmatic areas of support:

¢ |OS Project Support includes support for studies of behavioral, developmental, neural, physiological,
and structural systems and how they are integrated in living organisms.

e The Plant Genome Research Program (PGR) supports genome-enabled plant biology research that
takes full advantage of cyberinfrastructure and the latest systems biology approaches in studies using
model systems and plants and plant processes of economic importance.
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In general, 40 percent of the 10S portfolio is available for new research grants. The remaining 60 percent
is used primarily to fund continuing grants made in previous years.

10S Priorities for FY 2009:

10S will place highest priority on highly creative, integrative, and transformative studies that lead to a
deeper understanding of the emergent properties of organisms. Studies that cross previously disparate
scientific areas and that cross scales of organization from molecules to ecosystems involving a variety of
levels of analysis will be highlighted.

Changes from FY 2008:

Guided by the priorities described above, research and education supported in the 10S will increase by
$16.41 million -- +$3.36 M for Plant Genome Research program and +$13.06 M for 10S project support.
Following a reduction in research awards (-5%) and decrease of 12% in success rates (from 17% to 15%)
in FY 2008, this increase will focus on improving average award sizes to enable transformative research
and provide for the integration of research and education—endeavors that have significantly increased the
cost of research. It will also focus on returning the Plant Genome Research program to FY 2007 levels of
funding.

e The Plant Genome Research Program (+$3.36 million), building on the ten years of investment in
this program as part of the National Plant Genome Initiative (NPGI), will provide continued support
for genome-enabled plant biology research, including continued support of collaborations between
U.S. scientists and scientists in developing countries. PGR forms part of BIO’s Plant Biology portfolio
that also includes: the Plant Cyberinfrastructure Collaborative established in FY 2008 and funded
through EF, the 2010 program supported separately from PGR by all the BIO divisions, and additional
projects funded by core programs via unsolicited proposals.

¢ Disciplinary and interdisciplinary research in the 10S core will increase by $13.06 million to support
innovative studies to provide a deeper understanding of the properties emerging from the interactions
of the myriad of processes and structures of living systems. 10S will continue to give the highest
priority to projects that integrate research and education while broadening participation. Included in
this increase is support for:

o Applying neuroscience theory and concepts is at the heart of the new Adaptive Systems
Technology activity (+$3.49). Knowledge of the structure and function of nervous systems and the
mechanisms underlying behavior provides a blueprint for advancing transformational research with
the aim of discovering innovative design principles and new technologies based on nature’s varied
solutions for survival.

¢ Investments in the new Life in Transition activity (+$2.0) will focus on understanding bio-centered
energy technology systems and their potential utility. 10S will invest in projects aimed at
discovering the mechanisms and principles of resilience and sustainability that enable some life
forms to survive, adapt to, and transform their environment.
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ENVIRONMENTAL BIOLOGY $125,640,000

The FY 2009 Budget Request for the Division of Environmental Biology (DEB) is $125.64 million, an
increase of $14.78 million, or 13.3 percent, over the FY 2008 Estimate of $110.86 million.

Environmental Biology Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate  Request Amount  Percent

Environmental Biology $109.60 $110.86 $125.64 $14.78 13.3%

Major Components:
Research & Education Projects 109.60 110.86 125.64 14.78 13.3%

About DEB:

Fundamental research on complex ecological and evolutionary dynamics is crucial to maintaining a vital
economy while insuring a healthy environment. It improves our ability to forecast and mitigate
environmental change and illuminates options for sustaining and improving ecological systems and
related goods and services. The Division of Environmental Biology supports catalytic and transformative
research into the diversity of life on earth to discover its origins and evolutionary history and to
understand its dynamics within ecological systems at many scales. Biodiversity and evolutionary studies
concern all life on earth, including the oceans, while ecological studies emphasize terrestrial and aquatic
(non-oceanic) ecosystems. Study systems include pristine as well as intensively managed habitats,
including a network of long-term ecological research sites. DEB-funded research informs our ability to
live sustainably on earth because ecological systems provide the goods and services upon which human
health, wealth and welfare depend (e.g., clean water, food and fiber, crop pollination, disease control).

DEB is the primary source of federal research funding addressing fundamental questions in ecology and
evolution, including how terrestrial and aquatic environments fit into global carbon cycling. DEB will
continue to foster synthesis and education in environmental biology while promoting full participation of
all groups. Scientific foci in DEB address the processes of evolution; describe the genealogical
relationships of all life; elucidate the spatial and temporal dynamics of species interactions that govern the
assembly of functional communities; and determine the flux of energy and materials through ecosystems.
This theoretical and empirical research in ecology, evolution and biodiversity is continually transformed
as it incorporates new tools from genomics, computer, and mathematical sciences. In turn, study of
ecological and evolutionary dynamics has inspired breakthroughs in mathematics, such as chaos theory.

Biodiversity research is time-critical due to extinctions and global homogenization of flora and fauna.
This research serves sister fields such as physiology, neuroscience, conservation, ecological restoration,
and disease ecology. Phylogenetic approaches provide a framework for predicting genetic potential and
risk and aid in the discovery of economically-important processes and products.

DEB supports the Long-Term Ecological Research (LTER) program, a network of 26 research sites
representative of the range of natural, agricultural, and urban ecosystems in the U.S. A Network Office
coordinates cross-site communication, education, outreach, and international activities, while promoting
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synthesis via an open access data policy. All LTER projects share common research themes that facilitate
multi-site and interdisciplinary activities. A decadal planning exercise has highlighted opportunities for
leveraging the existing network to further our understanding of integrated natural and social systems.

In general, 48 percent of the DEB portfolio is available for new research grants. The remaining 52 percent
is used primarily to fund continuing grants made in previous years.

DEB priorities for FY 2009:

o Characterizing the diversity of life on earth continues to be a key, time-sensitive objective. DEB will
continue to support biodiversity research with increased emphasis on resolving uncertainties regarding
the ancestry of microbial life forms. The explosion of genomics-level information about living
organisms has opened up new avenues of inquiry that relate the adaptability and dynamics of
populations to their genetic makeup. Foci include: how populations respond to climate and other
anthropogenic forcing; how evolutionary processes relate to ecological patterns; and discovering the
properties of resilience and robustness that enable some life forms to survive, adapt and often
transform their environment. Freshwater and terrestrial ecosystems are major components of earth’s
global carbon cycle and thereby enter strongly into future climate scenarios. DEB will continue to play
a major role in funding research to reduce uncertainties in global climate projections, as well as to
improve understanding of the adaptability and malleability of these systems. Dynamic interactions of
coupled social and natural systems are another high research priority.

o DEB will continue to support integrated education and research experiences that involve experiential,
hands-on exposure to science. Students and teachers in these programs will contribute to a diverse
citizenry well-prepared to understand and apply information about the biological world in their daily
lives. DEB supports CAREER grants, Doctoral Dissertation Improvement Grants, Research
Experiences for Teachers and Research Experiences for Undergraduates. It funds the LTER
Schoolyard Science activity.

Changes from FY 2008:

Guided by the priorities listed above, disciplinary and interdisciplinary research in the DEB core will
increase by $14.78 million. Following a reduction in research awards (-5%) and decrease of 12% in
success rates (from 17% to 15%) in FY 2008, this increase will focus on improving average award sizes
to enable transformative research and provide for the integration of research and education—endeavors
that have significantly increased the cost of research. Included in this increase is support for:

¢ Interface of the Physical and Life Sciences (+$1.0M): DEB investments in the Life in Transition
activity will focus on the role of the living world in adapting to and shaping a changing Earth,
particularly focusing on fundamental questions at the junction of the life and physical sciences.

e Dynamics of Water Processes in the Environment (+$4.21M): This new NSF activity will be
supported within DEB core activities. It will address society’s need for improved knowledge to face
conflicting demands on limited freshwater resources. Research in DEB is fundamental to our
understanding of the vulnerability and resilience of freshwater systems to climate and environmental
change. Research will focus on complex system properties such as thresholds and tipping points,
maintenance of freshwater biodiversity, hydrological drivers of aquatic ecological systems, and effects
of climate change on freshwater species.
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BIOLOGICAL INFRASTRUCTURE $86,990,000

The FY 2009 Budget Request for the Division of Biological Infrastructure (DBI) is $86.99 million, an
increase of $50,000 or 0.1 percent, over the FY 2008 Estimate of $86.94 million.

Biological Infrastructure Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Biological Infrastructure $80.23  $86.94  $86.99 0.05 0.000575
Research Resources 48.22 55.61 55.66 0.05 0.1%
Human Resources 32.01 31.33 31.33 - -

About DBI:

DBI’s responsibility is to provide innovative scientific infrastructure that empowers the biological
research community to advance all sub-disciplines of biology. The division funds a number of
infrastructure projects that are large, inter- and multi-disciplinary. Through DBI, BIO has been able to
support projects responding to the ACI priority for "Federal investment in the tools of science—facilities
and instruments that enable discovery and development—particularly unique, expensive, or large-scale
tools beyond the means of a single organization.” DBI supports the development of a range of
infrastructures, including instrumentation, informatics resources, biological collections, field stations and
marine laboratories - elements critical to the operation and success of the larger biological enterprise.
DBl is uniquely positioned to contribute to the increased need for interdisciplinary training for biologists
in math, physical, and information sciences and greater opportunities for undergraduate research.

DBl is organized into two clusters. The Research Resources cluster supports development of research
tools and resources The Human Resources cluster focuses on integration of research and education, and
works closely with the Education and Human Resources Directorate.

The DBI portfolio includes fellowships, instrumentation, infrastructure improvements, and research
grants. Approximately 37% is available for all new awards each year while approximately 15% of the
DBI portfolio is available for new research grants. The remainder is distributed through grants for various
DBI priorities and continuing funding for grants made in previous years.

DBI Priorities for FY 2009:

Research Resources

e Cyberinfrastructure ($) has been an integral part of all DBI activities and will continue to be a high
priority for FY 2009. Biological Informatics supports the design, development, implementation, and use
of information resources and cyberinfrastructure tools needed across biology for analysis and
integration of data, informatics tools to provide the power to mine all available information and
data/biological research resources to be utilized for new insights and discoveries.

e Instrumentation Resources ($) provides access to the latest instrumentation with new capabilities; and
the development of new instruments for transformative research in areas such as Life in Transition.
Supporting the ACI in funding the development of biological instrumentation ensures that the next
generation of scientists and engineers can maintain our competitive edge. Improving field research
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facilities increases America’s capability for transformative research, contributes to NEON, and supports
Life in Transition and the Dynamics of Water Processes in the Environment activities through access to
different environments. BIO’s participation in Major Research Instrumentation is managed within this
subactivity.

e The Adaptive Systems Technology area will be supported by funding collaborative teams of biologists,
engineers, and physical scientists to develop the next generation of adaptive tools based on biological
models.

¢ Improvements to natural history collections archived at museums, botanical gardens, field stations, and
academic institutions that are widely used for biological research and education ensures that the
nation’s scientific collections will continue to play a major role in the analysis of environmental change,
national security, and economic development and emphasizes new strategies to further collections
research. Support for repositories of live research organisms, genetic stocks, seeds, cell lines, and DNA
clones that are associated with whole organisms in a collection provides access for researchers to these
tools necessary for interdisciplinary research.

Human Resources

Broadening participation and integration of research and education are priorities. To provide scientists at

all stages of their careers with a conceptual framework that embraces new technologies, techniques, and

tools and applies this infrastructure broadly across the sciences is critical for human resource
development.

e Provide year-round research mentoring in Biology ($5.0 million) for undergraduate students, especially
those from underrepresented groups to train a new generation of scientists open to new approaches
across scientific boundaries.

e Support increasingly interdisciplinary Research Experiences for Undergraduates site awards through
partnering with MPS, ENG, and SBE.

o Support postdoctoral fellowships with solicitations that allow flexibility to address emerging resource
needs throughout biology and also focus on broadening participation.

o Increase the participation of individuals from groups underrepresented in the scientific enterprise,
especially beginning investigators or those new to obtaining research support ($9.99M).

e This cluster manages BIO participation of the NSF-wide human resource activities including GK-12
($1.14M), Advance ($2.50M) and IGERT ($6.50M).

Changes from FY 2008:

Guided by BIO priorities to sustain and enable core research, including support for the new Life in
Transition activity, and to support NSF-wide activities for Adaptive Systems Technology and Dynamics
for Water Processes in the Environment, all programs supported within the Biological Infrastructure
subactivity will be significantly impacted. Programmatic evaluations will be continuing in FY 2009 to
identify the research and human resource programs most effective and essential for advancing the
frontiers of the biological sciences.

o Research Resources: In order to sustain funding levels and enable research through appropriate award
sizes, some programs were deferred in FY 2008 and will be put on alternate year funding cycles,
including support for field stations and marine laboratories; instrumentation; biological collections; and
informatics resources.

¢ Human Resources: In order to focus support for programs where BIO can make a difference,
particular attention will be given to evaluating the effectiveness of programs in broadening
participation and mentoring in biology.
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EMERGING FRONTIERS $120,890,000

The FY 2009 Budget Request for the Emerging Frontiers (EF) Subactivity is $120.89 million, an increase
of $19.04 million, or 18.7 percent, over the FY 2008 Estimate of $101.85 million.

(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Emerging Frontiers $104.90 $101.85 $120.06 $18.21 17.9%
Major Components:
Research & Education Projects 78.40 58.29 66.84 8.55 14.7%
Centers Programs
National Evolutionary Synthesis Center 2.99 2.89 2.29 -0.60 -20.7%
National Center for Ecological Analysis and Synthesis" 3.68 3.89 3.71 -0.18 -4.7%
Plant Science Cyberinfrastructure Collaborative - 6.63 9.11 2.48 37.4%
Center for the Environmental Implications - 3.00 3.05 0.05 1.7%
of Nanotechnology (CEIN)
Center for Research at the Interface of the Mathematical - 3.10 3.10 N/A
Mathematical and Biological Sciences (CIMBS)
Center for Behavioral Neuroscience 3.85 3.15 1.96 -1.19 -37.8%
Center for Microbial Oceanography 4.00 4.00 4.00 - -
Facilities
National Ecological Observatories Network 11.98 20.00 26.00 6.00 30.0%
About EF:

Emerging Frontiers supports innovative research, education, and networking activities that are built upon
and integrate advances in disciplinary research. EF encourages synergy among disciplines using project,
network, center, and infrastructure grants that cross disciplinary boundaries.

In general, 50 percent of the EF portfolio is available for new research grants. The remaining 50 percent
is used primarily to fund continuing grants made in previous years.

EF priorities for FY 2009:

Interdisciplinary Research: Support continues for multidisciplinary teams to address major biological
and transdisciplinary questions through the Theoretical Advances in Biology, Assembling the Tree of
Life, and Coupled Natural and Human Systems programs. EF supports an integrated portfolio of
microbial activities ranging from genomics to the ecology of infectious disease. Being inherently
interdisciplinary, Dynamics of Water Processes in the Environment and Life in Transition are also
supported by EF.

Centers conduct long-term scientific research, explore more effective ways to educate students, partner
with industry and develop mechanisms to ensure the timely transition of research and education advances
of benefit to society. Centralization of all BIO centers in EF fosters collaboration and integration of
research themes and facilitates the sharing of best practices. Enhanced or new centers in FY 2009 are:
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e Plant Science Cyberinfrastructure Collaborative: Established in FY 2008, this center enables new
conceptual advances by bringing together new computer, computational science, and
cyberinfrastructure solutions and teams of plant biologists, computer and information scientists, and
experts from other fields to address an evolving array of major questions in plant science.

e Center for Environmental Implications of Nanotechnology: Established in FY 2008, this center
conducts multidisciplinary fundamental research on the interactions between nanoparticles and
materials and the living world at all scales. Examples of topics being addressed include interactions of
nanomaterials with cellular constituents, bioaccumulation, and the impacts of nanostructures dispersed
in the environment on living organisms. Research on methods for nanoparticle detection is also
supported.

e Center for Research at the Interface of the Mathematical and Biological Sciences: Being
established in FY 2009, this center will conduct research and education at the interface of the
mathematical and biological sciences. The Center will address national needs, particularly the
modeling of infectious diseases of animals and plants, and will provide knowledge useful to policy
makers, government agencies, and society.

National Ecological Observatory Network (NEON): As the first research tool designed to enable
regional to continental scale ecological research, constructing NEON, now in its final design and
development stage, remains the highest priority for BIO

Changes from FY 2008:

Guided by the priorities described above, research supported in EF will increase by $18.22 million.
Enabling innovative research, education, networking, and facilities activities that integrate advances in the
life sciences will be the focus of FY 2009 increases:

e Life in Transition (+$5.0 million): Funding will support research on the indispensable properties of
living systems;
o Transformative research (+$1.2 million): Venture funding for transformative research will increase.
e Centers (+$3.66 million):
e The Center for Research at the Interface of the Mathematical and Biological Sciences ($3.1 million),
deferred in FY 2008, will be supported in FY 2009;
e Support will be enhanced for the Plant Science Cyberinfrastructure Collaborative (+2.48 million)
which is BIO’s contribution to the CDI activity; and
e Support will be enhanced for the Center for Environmental Implications of Nanotechnology
(+$50,000).
e Other centers have small out-year adjustments. (-$1.97 million)
e NEON (+$6.0 million): Support for NEON will increase by $6.0 million to complete pre-construction
activities.
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COMPUTER AND INFORMATION SCIENCE AND ENGINEERING $638,760,000

The FY 2009 Budget Request for the Computer and Information Science and Engineering (CISE)
Directorate is $638.76 million, an increase of $104.23 million, or 19.5 percent, over the FY 2008
Estimate of $534.53 million.

Computer and Information Science and Engineering Funding
(Dollars in Millions)

Change over

FY 2007 Fy 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

$122.76  $143.45 $180.01 $36.56 25.5%

Computing and Communication

Foundations (CCF)
Computer and Network Systems (CNS) 162.77 173.91  206.91 33.00 19.0%
Information and Intelligent Systems (11S) 119.26 138.93  173.60 34.67 25.0%
Information Technology Research (ITR) 121.89 78.24 78.24 - -
Total, CISE $526.68 $534.53 $638.76 $104.23 19.5%

Totals may not add due to rounding.

CISE’s mission is to enable the U.S. to uphold a position of world leadership in computer and
information science and engineering; to promote understanding of the principles and uses of advanced
computer, communications, and information systems in service to society; and to contribute to universal,
transparent, and affordable participation in an information-based society. CISE supports ambitious, long-
term research projects within and across the many sub-fields of computing, contributes to the education
and training of computing professionals and, more broadly, informs the preparation of a U.S. workforce
with computing competencies essential to success in an increasingly competitive, global market. CISE-
supported fundamental research outcomes in computing and information technology inform the
development and deployment of cyberinfrastructure supported by the agency in service to all fields of
science and engineering.

The CISE Directorate is in a unique position to help realize the goals and objectives outlined in the
President’s American Competitiveness Initiative (ACI). CISE research and education outcomes are vital
to the Nation’s economic future in two important ways: they catalyze innovations in the information
technology (IT) industry itself; and they stimulate innovation across a much wider range of economic
sectors, including finance, healthcare, manufacturing, natural resources, transportation, and many others.
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CISE Subactivity Funding
(Dollars in Millions)
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NSF is the principal source of federal funding for
university-based basic research in computer science,
providing the vast majority — 86 percent — of total federal

Federal Support for Basic Research in
Computer Science at Academic

. . . Institutions
support in this area. In recent years, basic research
investments in computing have provided unsurpassed
value-added to the U.S. economy. As the President’s Other
Council of Advisors in Science and Technology (PCAST) NSF Federal
recently referenced in their 2007 report, Leadership Under 86% Support
Challenge: IT R&D in a Competitive World, “since 1995, 14%

networking and information technology industries have
accounted for 25 percent of the Nation’s economic growth,
although they represent only 3 percent of the gross
domestic product.”

Essentially all practical applications of IT are based on ideas and concepts that emerged from basic
research investments. These fundamental ideas and concepts have enabled innovative product and
application developments that now permeate all areas of modern life. 1T not only forms a sizeable portion
of the economy in its own right, but drives discovery and innovation in many other areas, including
advanced scientific research, healthcare, national and homeland security, organizational effectiveness, and
governmental efficiency. Innovation in IT will remain an essential and vital force in productivity gains
and economic growth in both the manufacturing and service sectors for many years to come, positioning
NSF and CISE as central and essential actors in realizing the goals of the ACI.

The CISE Directorate continues to play a leadership role in the multi-agency subcommittee on
Networking and Information Technology Research and Development (NITRD), which is co-chaired by
the CISE Assistant Director. All projects supported by CISE investments, including all research,
education, and cyberinfrastructure (computing research infrastructure), enrich the agency’s NITRD
portfolio. Consistent with the Administration’s NITRD priority, in FY 2009 CISE will continue to
explore the computing frontier, stimulating research advances in new algorithms, architectures,
languages, and systems and in emerging models of computing — all enabling applications yet to be
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imagined. As computing systems provide richer functionalities and faster performance, as they become
more ubiquitous and pervasive, and as user expectations of and demands on them increase, CISE
investments in the fundamental research essential to systems design for properties such as privacy,
security, reliability, and usability become increasingly important. The directorate’s programs in
cybersecurity, information security and privacy, distributed systems, and networking will produce
research results that allow society to more fully exploit the potential benefits of an increasingly networked
world. As we seek to better understand human intelligence and to use computing to enhance our quality
of life, CISE will continue to invest in artificial intelligence, computer vision, graphics, machine learning,
natural language processing, robotics, speech, search, information retrieval, and technologies for
collaboration. CISE also will continue to strengthen the intellectual foundations of computing, supporting
research in algorithms and theoretical computer science, cryptography, network and communication
theory, and information theory. CISE contributions to the National Nanotechnology Initiative will permit
exploratory and interdisciplinary work on novel quantum and bio-inspired device and systems
technologies, as well as related programming models, languages and tools that promise to form the basis
of the revolutionary new computing systems of the future.

As a result of the increasingly important role of computing in society, the number of new scientific
opportunities and challenges presented by the field far exceeds the directorate’s ability to fund them.
While CISE has always received many more quality proposals than can be funded, proposal funding rates
have declined dramatically since FY 2000 as a consequence of growth in the field. CISE was able to fund
32 percent of the proposals received in FY 2000; in FY 2009, it is projected that 22 percent will be
supported.

NSF is the principal source of federal support for strengthening science, technology, engineering and
mathematics (STEM) education across all levels and is uniquely positioned to lead the Nation in STEM
education due to its focus on STEM education research. Two programs in particular, CISE Pathways to
Revitalized Undergraduate Computing Education (CPATH) and Broadening Participation in Computing
(BPC), increase American competitiveness in the global economy and support NSF’s underlying strategy
of integration of research and education. Further, they respond directly to PCAST 2007 recommendations
that a nationwide effort be undertaken “to strengthen networking and information technology education
and training programs,” with special attention “paid to programs that educate future generations of
workers involved in research and development, whose innovations and leadership will be critical to
America’s competitiveness in networking and information technology industries.”

Summary of Major Changes by Division (Dollars in Millions)
FY 2008 EStIMAate, CISE........ouiii ittt et e e e e et e e s $534.53
Computing and Communication Foundations (CCF) +$36.56

Increased funding will be used to further support Cyber-enabled Discovery and Innovation
(CDI) research, emphasizing the application of computational thinking and algorithmic insights
across all areas of science and engineering supported by NSF. In addition, CCF CDI
investments will support research aimed at the engineering of software for complex systems
along two complementary lines: establishing the scientific and engineering principles (e.g.,
inspired by complexity sciences) for developing software for tomorrow's complex cyber-based
systems; and exploiting computational models underlying software systems to understand
natural and physical systems. Through investments in Science and Engineering beyond
Moore’s Law (SEBML), CCF will explore revolutionary new computing paradigms, including
bio-inspired and quantum computing. Finally, through increases in the CCF core programs, the
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division will call upon the academic research community to identify emerging transformative
research opportunities that promise to revolutionize the field of computing.

Computer and Network Systems (CNS) +$33.00
Increased funding will be used to support CDI, with a focus on gaining better understanding of
complex computer systems and networks and their emergent behavior. CNS will support
research on new frameworks and models to understand and control emergent behavior in
complex systems and networks, and on innovative ways to design and implement large-scale
systems that exhibit robust and predictable behavior, particularly when operating under stress.
Within CDI, CNS will also support transformative research which seeks to establish new
scientific foundations and technologies for cyber-physical systems, an emerging class of
physical and engineered systems whose operations are integrated, monitored and controlled by a
computational core. In addition, CNS will support new CDI research directions in data-intensive
applications, emphasizing powerful data-driven architectures and programming models that lead
to natural, machine-independent, large-scale parallelism. Finally, CNS will increase support for
the core areas of network science and engineering, computer systems, cybersecurity, education
and workforce development, and research infrastructure.

Information and Intelligent Systems (11S) +$34.67
Increased funding will be used to support CDI research, emphasizing new multidisciplinary
research and education efforts that explore advanced data technologies, computing platforms,
and collaborative environments in demanding scientific and engineering domains. Through
Adaptive Systems Technology (AST) investments, 1S will support new research directions in
which the robustness and adaptive capability of biological organisms inform the problems and
approaches taken within CISE research. In addition, 11S will emphasize research on human-
computer systems that explicitly expands our knowledge of how people interact with
information technology, and how information technology can be designed that is explicitly
informed by such knowledge. Finally, through increases in the 1S core programs, the division
will support the most creative ideas generated by the 11S community to expand or enhance the
impact of computing innovations in society.

Subtotal, Changes +$104.23
FY 2009 ReqUEST, CISE. .. ...t e e e e e e e e e e e e e e $638.76
Summary of Major Changes in Directorate-wide Investments (Dollars in Millions)
FY 2008 EStimate, CISE ... ... oot e e e e e e e e e e e e as $534.53

The CISE budget contributes directly to the goals of the ACI as well as to other Administration
priorities including advanced networking and high-end computing. In FY 2009, the agency will
build on core themes developed for CDI, highlighting new activities that hold significant
promise for economic competitiveness and societal impact. Through joint investments with
other directorates and offices, CISE researchers will explore and expand the use of
computational abstractions to extract knowledge from digital data and to yield new insights in
and understanding of a wide range of complex systems, including natural, built, and social
systems.  The computational concepts, methodologies, and tools developed with CDI
investments promise to transform the conduct of research across all fields of science and
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engineering, and to result in a new wave of technological and societal innovations that will
accelerate productivity growth and ensure American competitiveness for decades to come.

Discovery +$101.47

CISE will continue its investments in high-risk, high-return, fundamental research essential to
innovation and economic competitiveness in IT. Just as research advances in IT have made
unsurpassed contributions to the Nation’s technological, economic, and security posture over the
past decade, so future CISE research investments are designed to both deepen and broaden
computing contributions to the Nation’s competitive position.

e Computing Fundamentals (+$78.35 million). CISE will increase investment in core and
emerging areas of computer and information science and engineering in research programs
that emphasize transformative work. These areas include: the exploration of revolutionary
computational models, languages, and tools, and hardware and software architectures that
will serve as the primary catalysts for future innovations in information technology;
transformative research on trustworthy software and networked systems that simultaneously
explore the technological challenges as well as the equally important organizational,
sociological, economic, legal, and psychological factors impeding progress in securing
cyberspace; and exploration of human-centered computing and information and intelligent
systems that promise value to a diverse range of individuals and to society at large. CISE
will increasingly focus on programs and projects that identify plausible but high-risk
opportunities with potential to result in significant, enduring impact in societal applications.

As part of CISE’s $113.50 million investment in cybersecurity research and education, the
directorate will devote $30.0 million to research in usability (+$10.0 million); theoretical
foundations (+$10.0 million); and privacy (+$10.0 million) to support the Comprehensive
National Cybersecurity Initiative.

e Cyber-enabled Discovery and Innovation (+$13.63 million). To transform an abundance of
digital data into new knowledge, CISE researchers will: explore new fundamental
mathematical and computational abstractions to represent and manage data; participate in
multidisciplinary projects that explore data mining, data federation, and extraction strategies
in demanding science and engineering applications; and develop the underpinnings essential
to the development of sophisticated data visualization and delivery tools. CISE will also
invest in an emerging data-intensive computing paradigm where systems are designed,
programmed, and operated to enable different forms of computation over massive data sets.
To better understand complexity in built systems, CISE will emphasize investments in cyber-
physical systems and software for complex systems. Finally, increased CISE investments
will support the design, development, and assessment of 1T-enabled, human-centered virtual
organizations, advancing our ability to build and leverage the computational and
organizational potential of virtual organizations as new modalities of scientific and
engineering research and education and enterprise productivity enhancement.

e Science and Engineering Beyond Moore’s Law (+$6.0 million). In SEBML, CISE
researchers will explore radically new systems based on revolutionary technologies such as
organic molecules, carbon nanotubes, optical switches, and superconductors, among others.
New programming models will also be explored, along with the languages and compilers that
support them. To optimize computing power, new algorithms that exploit highly parallel
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hardware and architecture characteristics in contemporary silicon-based technologies, such as
multi-cores and communication and memory latencies, will also be examined.

o Adaptive Systems Technology (+$3.49 million). CISE will contribute $3.49 million to the
NSF-wide Adaptive Systems Technology investment. CISE researchers will apply
neuroscience concepts and principles in the investigation of the promise of intelligent
distributed knowledge networks. Biological organisms whose self-assembly draws on a
massively parallel fabrication process comprising large numbers of cells will serve as
inspiration for CISE and other researchers exploring revolutionary new computing system
architectures. And investigators will explore biomimetic organs and limbs that promise to
augment human capabilities.

Learning +$0.37
Research Experiences for Undergraduates (+$200,000).
CISE will provide an additional $200,000 in support for students through the Research
Experiences for Undergraduates (REU) Sites program.
Integrative Graduate Education and Research Traineeship (+$170,000).
CISE will provide an additional $170,000 in support for students through the Integrative
Graduate Education and Research Traineeship (IGERT) program.
Stewardship +$2.39
A number of activities are funded directly from NSF’s programs to advance NSF’s Stewardship
goal. These include Intergovernmental Personnel Act appointments, NSF-wide studies and
evaluations, and mission-related information technology investments. As is discussed further in
the Stewardship chapter of this Request, in FY 2009 NSF has realigned IT investments to tie
mission-related activities more directly to NSF’s programs.
Subtotal, Changes +$104.23
FY 2009 ReqQUESTE, CISE ... . ittt e i e e e e e e e $638.76

CISE -6



FY 2009 NSF Budget Request to Congress

NSF-WIDE INVESTMENTS

In FY 2009, CISE will support research and education efforts related to broad, Foundation-wide
investments in a number of areas including the Administration’s interagency R&D priorities.

CISE NSF-wide Investments
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request ~ Amount Percent

Adaptive Systems Technology - - $3.49 $3.49 N/A
Cyber-Enabled Discovery and Innovation - 20.00 33.63 13.63 68.2%
Cyberinfrastructure 71.00 87.00 87.00 - -
Human and Social Dynamics 5.00 2.00 - -2.00  -100.0%
National Nanotechnology Initiative 12.89 12.22 11.00 -1.22 -10.0%
Networking and Information

Technology R&D 526.69 534.53 638.76 104.23 19.5%
Science & Engineering Beyond

Moore's Law - - 6.00 6.00 N/A

Adaptive Systems Technology (AST): A level of $3.49 million will support CISE research on the
application of neuroscience concepts and principles in the investigation of the promise of intelligent
distributed knowledge networks.

Cyber-enabled Discovery and Innovation (CDI): A level of $33.63 million will support CISE research
in a variety of areas including new fundamental mathematical and computational abstractions, data
mining, data federation, and extraction, and data visualization and delivery tools.

Cyberinfrastructure (Cl): A level of $87.0 million will support research on computing systems and
capabilities likely to become essential components in the cyberinfrastructure of the future. The
challenges of scalability, security, reliability, and extensibility will be met with research and education
activities in architecture, software, networking, theory, and new underlying technologies. The prominent
role that digital data now play across science and engineering leads to systemic thinking about
technologies that can support broad access to and use of scientific and engineering data in both
educational contexts and in diverse uses in science and engineering research.

National Nanotechnology Initiative (NNI): A CISE investment of $11.0 million will support research
in areas such as fundamental nanoscale phenomena and processes; nanoscale devices and systems;
nanomanufacturing; and research facilities and instrumentation. Within CISE, these general categories
encompass architecture, design, and fabrication of computer and information systems based on
nanoelectronics, representation of quantum and classical information in nanostructures, and the national
infrastructure needed to support such research.

Networking and Information Technology Research and Development (NITRD): CISE’s entire
request of $638.76 million is included in NITRD activities supporting fundamental research and related
education in information technology and networking.
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Science and Engineering beyond Moore’s Law (SEBML): A level of $6.0 million will support CISE
research on radically new systems based on revolutionary technologies, new programming models, and
new algorithms that exploit highly parallel hardware and architecture characteristics in contemporary
silicon-based technologies.

QUALITY

CISE identifies the highest quality research through the use of a competitive, merit-based review process.
The percent of research funds that were allocated to projects that undergo external merit review was 95
percent in FY 2007, the last year for which complete data exist.

To ensure the highest quality in processing and recommending proposals for awards, CISE convenes
Committees of Visitors (COVs), composed of qualified external evaluators, to review each program every
three years. These experts assess the integrity and efficiency of the processes for proposal review and
provide a retrospective assessment of the quality of results of NSF’s investments. COVs for all the CISE
divisions are being planned for 2009.

CISE also receives advice from the Advisory Committee for Computer and Information Science and
Engineering (CISEAC) on such issues as: mission, programs, and goals that best serve the scientific
community; promotion of quality graduate and undergraduate education in the computer and information
science and engineering sciences; and priority investment areas in computer and information science and
engineering research. The CISEAC meets twice a year with members volunteering their time to serve on
subcommittees for three additional days per year. Members from both academe and industry represent a
cross section of the computer and information science and engineering field, with representatives from
many different sub-disciplines within the field. The CISEAC includes a balanced representation of
women, underrepresented minorities, and individuals from a range of geographic regions and institutions.

PERFORMANCE

The FY 2009 Budget Request is aligned to reflect funding levels associated with the Foundation's four
strategic outcome goals stated in the FY 2006-2011 Strategic Plan. These goals provide an overarching
framework for progress in fundamental research and education and facilitate budget and performance
integration.

Computer and Information Science and Engineering

By Strategic Outcome Goal
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate Request ~ Amount Percent

Discovery $451.86  $463.23 $564.70  $101.47 21.9%
Learning 36.47 37.23 37.60 0.37 1.0%
Research Infrastructure 30.56 26.50 26.50 - -

Stewardship 7.79 7.57 9.96 2.39 31.6%
Total, CISE $526.68  $534.53 $638.76 $104.23 19.5%

Totals may not add due to rounding.
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Recent Research Highlights

» Digitizing a River in One Week: In response to growing freshwater resource problems, scientists
e and engineers from the Center for Embedded
Networked Sensing tested a sensor deployment
campaign at the confluence of the Merced and San
Joaquin Rivers. Their objective was to create a
system for rapidly characterizing a complex river
reach not only in terms of its bathymetry and
floodplain, but also its flow and water quality
parameters. Using a robotic sensing device,
researchers scanned flow and water quality
conditions  across transects taken upstream,
downstream, and within the confluence zone. Over a
Scientists and engineers from the Center for Embedded  five-day  period, nearly 300 cross-sectional
Networked Sensing test a sensor deployment campaign approach  distributions for flow velocity, temperature, pH,
j;égf]CF‘:'S‘;L“rerSg‘,’\;;?geZ"emd and San Joaquin Rivers. Credit: specific conductance, oxidation-reduction potential,
dissolved oxygen, nitrate, and chlorophyll a were
collected. Their work resulted in a three-dimensional map of the confluence zone, which, together with
the transect data, will be used to create a multi-dimensional river model that scientists can use to analyze
and forecast river conditions, and plan future large-scale experiments aimed at understanding and
improving water quality. (CCF)

i T g

» Light Fields and Computational Photography: The explosive
growth of digital photography, combined with the shrinking size of
computers, has led to the birth of computational photography--
techniques that extend the capabilities of digital photography. Light
fields, a type of computational photography, means a collection of
views of a scene, each taken from a slightly different position. Unlike
conventional photography, light fields permit viewpoint and focus to
be changed after the snapshot is taken. Researchers at the Stanford
Computer Graphics Laboratory have built several devices for capturing
light fields, including a "plenoptic camera,” which is an ordinary
camera with a microlens array inserted near the sensor. As
computational photography moves into consumer products, it will
change the face of photography forever. Since it is software-intensive,

it may give the United States a competitive advantage in the  Photographs captured by Stanford
Plenoptic  Camera are  digitally

photography marketplace. (CCF) refocused after they are captured. The
refocusing algorithm used in this
camera was developed using NSF
funding. Ren Ng (pictured above) won
the 2007 ACM Doctoral Dissertation
award for this research. Credit: Ren
Ng, Refocus Imaging.
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> Improving Bridge Safety:
Researchers are working to improve
bridge safety in Missouri as a model
approach for the nation. The project
involves equipping vulnerable bridges
with sensors that monitor the bridge's
structural ~ condition and  utilizing
networks that can manage high-
performance queries over wireless sensor
networks. A particular research target is
the Bill Emerson Memorial Bridge in
Cape Girardeau, Missouri. It is a main
crossing of the Mississippi River and lies
within the New Madrid seismic zone.
This bridge experiences a high volume of
traffic and is a crucial component of the
transportation network within the central
US. With a sensor network embedded
within the bridge's structural elements,
the bridge can be continuously monitored
for changes that may predict component
failures. (CNS)

Reconstruction by a new method of the locations and
extents of 70 simulated cortical electromagnetic
source areas from only 1,000 simulated magnetic
(MEG) time points at 273 scalp sensors (not shown).
The left panel shows the mean activity levels of the
simulated data on a human cortex. The right panel
shows the mean activity levels of the estimated
sources. Note the accuracy of the new method in
capturing the locations and extents of the multiple
cortical source areas. Credit: Scott Makeig, UCSD.

."m:"

This picture shows the Bill Emerson Memorial Bridge in Cape Girardeau,
Missouri, when it was under construction. It is the main crossing on the

Mississippi River and lies in the New Madrid seismic zone. The real-time
wireless sensor network system developed in this project is being deployed to
insure the bridge's safety. Credit: Missouri Department of Transportation.

» Brain Imaging in High Definition Mode: The
central problem of cognitive neuroscience is to identify,
from non-invasive brain recordings, the patterns of
distributed brain activity that support human cognition and
behavior. Researchers at the University of California, San
Diego, have made break-though progress in developing a
new modeling method to identify the brain sources of
signal patterns. The new method identifies not just the
approximate points from which these signals emerge, but
also the varying extents of the cortical areas whose
electromagnetic ~ field  activities become locally
synchronized, producing electrical and magnetic field
changes that can be recorded from the scalp. The new
method promises to make possible a new mode of high-
definition dynamic brain imaging that, applied in particular
to high-density EEG measurements, will be both much less
expensive and much more flexible than existing dynamic
brain imaging technologies, with unprecedented spatial
and time/frequency resolution of complex patterns. (11S)
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» E-Textile Garments: Researchers at Virginia Tech are
developing e-textile garments that can sense their own shapes and
i the wearer's activities. Continuously sensing the garment's shape
m = makes it possible to determine the wearer's activity, whether the
: wearer is moving or perhaps falling. This enables the e-textile to
adapt to the user's current situation. The software, sensors, and
algorithms developed in this project permit the design of e-textiles
. that can adapt to a wide range of applications, without extensive
B tuning of the devices. In cooperation with the Intel Corporation, the
Pl e .o . researchers also have developed an e-textile rug that can track the
=3 e == position and motion of persons walking on the fabric. Applications
e e fOr e-textile-based "wearable™ computing include medicine, home
A o . health care, manufacturing and industrial processes, entertainment,
n electronic-textile garment fabricated .
for context-awareness. The insets show and emergency response. One researcher, Dr. Thomas Martin,
sensors and processing elements, all of  received the NSF Presidential Early Career Award for Scientists and
which are connected together by an on- ppyginears (PECASE) for his leadership in the emerging area of e-

fabric network. Credit: Virginia Tech/Rick :
Griffiths/David Lehn/Joshua Edmison. textiles. (CNS)

FoNS Prprep————
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» Lower Energy Consumption for Data Centers: Data centers like the ones built by Google,
Microsoft, and Yahoo demand massive amounts of power. High power means higher costs, increased
environmental impacts and limits on where the centers can be located. Research has been conducted on
memory energy management, but few studies have focused on data servers where main memory is
predominantly accessed by direct memory access (DMA) instead of processors. Researchers at the
University of Illinois at Urbana-Champaign are pursuing memory energy management for these data
servers by investigating DMA-aware multi-processor memory energy management for multi-threaded
data servers. The project has explored the characteristics of these data centers to better understand how
they use--and sometimes waste--energy. Using this information, the researchers have developed
prototypes that use up to 38.6 percent less energy while providing similar performance. (CCF)

» Hiding Confidential Data While Posting
Public Data on the Web: Information owners
malicious data (governmental, academic, commercial entities, or

infereng consumer private citizens) are subjected to two conflicting
N requirements: they must publish portions of data
on the Web for the benefit of data consumers but,

data

=5 defender — for legal, business, or personal reasons, they must

e o . 5 = preserve: the _ privacy <_)f the confidential
data %, o published information residing in their databases. In many
Ry instances, the published data can be used by

DB __ malicious consumers to infer the confidential data.

Researchers at the University of California, San
Diego developed concepts and tools which assist
database owners in identifying portions of data
that can be safely published without compromising
the privacy of confidential information. This
research introduces novel privacy guarantees that balance strictness and practicality. The research also
proves an optimal attack strategy that guarantees no other attack can expose more about the confidential
data. Users only need to test for privacy guarantees against this optimal attack instead of against an
infinite number of attacks. (I1S)

Privacy in Database Publishing. Credit: Alin Deutsch.
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Other Performance Indicators

The tables below show the change in the number of people benefiting from CISE funding, and trends in
the award size, duration, and number of awards.

Number of People Involved in CISE Activities

FY 2007 FY 2008 FY 2009
Estimate Estimate  Estimate

Senior Researchers 6,361 6,361 7,645
Other Professionals 649 649 780
Postdoctorates 293 293 355
Graduate Students 5,732 5,732 6,900
Undergraduate Students 1,533 1,533 1,850
Total Number of People 14,568 14,568 17,530

CISE Funding Profile

FY2007 FY2008 FY 2009
Estimate Estimate  Estimate

Statistics for Competitive Awards:

Number 1,635 1,635 1,950
Funding Rate 28% 22% 22%
Statistics for Research Grants:
Number of Research Grants 1,310 1,310 1,550
Funding Rate 24% 19% 19%
Median Annualized Award Size $115,300 $120,000  $145,000
Average Annualized Award Size $139,000 $150,000  $180,000
Average Award Duration, in years 29 3.0 3.0
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COMPUTING AND COMMUNICATION FOUNDATIONS $180,010,000

The FY 2009 Budget Request for the Division of Computing and Communication Foundations (CCF) is
$180.01 million, an increase of $36.56 million, or 25.5 percent, over the FY 2008 Estimate of $143.45
million.

(Dollars in Millions)

Change over

FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Computing and Communication Foundations $122.76 $143.45 $180.01 $36.56 25.5%

Major Components:

Research & Education Grants 114.68 135.45 172.01 36.56  27.0%
Science and Technology Centers
STC for Embedded Networked Sensing 4.04 4.00 4.00 - -
STC for Ubiquitous Secure Technology 4.04 4.00 4.00 - -
About CCF:

CCF addresses current and emerging areas of computing and communication foundations: theory and
incubation of computing and communication; processes and artifacts for computing and communication;
signals, communication and interaction; and foundations of systems in use. Within and across these
areas, CCF supports research and education activities that explore the foundations of computing and
communication devices and their usage. Research and education projects supported promote advances in
computing and communication theory, algorithms for computer and computational sciences, architecture
and design of computers, foundations of computer languages and software, and investigations of
revolutionary computing paradigms such as quantum and bio-inspired computing. CCF projects also
integrate education with research to prepare future generations of computer science and engineering
professionals.

In general, 58 percent of the CCF portfolio is available for new research grants. The remaining 42
percent is used primarily to fund continuing grants made in previous years.

Science and Technology Centers

CCF supports two Science and Technology Centers: 1) the Center for Embedded Networked Sensing
(CENS) at the University of California at Los Angeles which is exploring embedded networked sensing
systems, large-scale, distributed systems, composed of smart sensors and actuators embedded in the
physical world; and 2) the Center for Ubiquitous Secure Technology at the University of California at
Berkeley (TRUST). TRUST is addressing a parallel and accelerating trend of the past decade - the
integration of secure, robust computing and communications capabilities across critical infrastructures, in
areas such as telecommunications, finance, energy distribution, and transportation.

CCF Priorities for FY 2009
The longer-term context of the FY 2009 Request is focused on foundational ideas that will enhance
American competitiveness.

Cyber-enabled Discovery and Innovation (CDI)
In support of the ACI, CCF will continue its emphasis on CDI with an investment of $13.0 million. By
applying algorithmic insights broadly across science, engineering, and areas of societal importance, CDI
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will spark a new revolution in our understanding of the world and in our productivity. Without
algorithmic insights and computational thinking, complex objects and processes such as protein folding,
telecommunication networks, or manufacturing processes can only be approximately understood. In FY
2009, CCF will continue to emphasize larger, multidisciplinary projects that apply foundational ideas
across multiple disciplines.

Science and Engineering Beyond Moore’s Law (SEBML)

CCF is participating in the NSF-wide investment in SEBML at a level of $4.0 million, with several
avenues of research and education showing promise. CCF will support fundamental research to identify
promising new technologies that continue scaling-based performance gains, including, for example, the
use of molecules or biomolecules as basic logic elements, the use of nanowires for gates or
interconnections, and the exploitation of quantum phenomena to perform computations in parallel. In
addition, CCF will continue to support research aimed at optimizing performance of existing technology.
For example, CCF will support research into the architecture of multicore chips, especially the
interconnection networks, to find the best design alternatives over a range of chip sizes. In addition,
research on new kinds of design tools will be needed that balance performance, size and power. Finally,
and most importantly, new algorithms and software engineering tools and techniques will be needed that
can take advantage of large-scale on-chip parallelism. While developing these techniques through
research, CCF also plans to educate a new generation in their application.

Core CCF Activities

The foundational ideas of computing and communication have changed the world and society over the
last few decades. CCF will continue and extend its foundational inquiries into the inherent limits of
computation and communication, into the architecture of hardware and software systems, and into the use
of new technologies to compute and communicate. These investigations will further transform all fields
of human endeavor. For example, theoretical investigations of coding and information will increase the
security of our data systems and the privacy of their users. As another example, new concepts in
architecture will provide new ways of building reliable systems from unreliable components.

In FY 2009, one of the foci of CCF core activities will be massive data sets. The world is drowning in
data. Networks of scientific instruments, earth-monitoring satellites, and security cameras, as examples
are generating massive amounts of data. Yet the innovation and competitiveness of web-indexing
services show that making such data available and searchable brings great rewards. CCF will emphasize
research into techniques for computing and communicating essential properties of massive data sets.
Communication can also benefit from a data-centric view. For example, if a receiver makes use of only
certain properties of a stream of data, the whole data stream does not have to be communicated. It is
possible that a small fraction of the data stream will suffice to compute the properties of interest, in which
case only that small fraction need be communicated. For many data streams, it is possible to essentially
reconstruct the entire stream from a compressed sample. Data-centric computing and communication has
the potential to do for dynamic data what web indexing services have done for static data. By making
these data streams available and usable, rather than just throwing them away, we may dramatically
increase American innovation and competitiveness.

Changes from FY 2008:

The FY 2009 request for CCF reflects an increase of $36.56 million directed toward core research and
education as well as CDI and SEBML investments. Research in the CCF core will be allocated to
activities like those described above and will help maintain a consistent proposal funding rate.

CISE - 14



FY 2009 NSF Budget Request to Congress

COMPUTER AND NETWORK SYSTEMS $206,910,000

The FY 2009 Budget Request for the Division of Computer and Network Systems (CNS) is $206.91
million, an increase of $33.0 million, or 19.0 percent, over the FY 2008 Estimate of $173.91 million.

Computer and Network Systems Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate Request ~ Amount Percent

Computer and Network Systems $162.77  $173.91  $206.91 $33.00 19.0%
Major Components:
Research & Education Grants 132.21 147.91 180.91 33.00 22.3%
Computing Research Resources 30.56 26.00 26.00 - -
About CNS:

CNS supports research and education activities that advance our understanding of the fundamental
properties of computer systems and networks and their complexity, explore new ways to address the
limitations of existing computer and networked systems to make better use of these technologies, and
develop better paradigms, abstractions and tools for designing, analyzing and building next generation
computer and networked systems that are robust, secure and trustworthy. To enable state-of-the-art
computer science research and education, the division supports the development and use of computing
research infrastructure. CNS also coordinates cross-divisional activities that foster the integration of
research, education, and workforce development to prepare future generations of computer science and
engineering professionals.

In general, 47 percent of the CNS portfolio is available for new research grants. The remaining 53
percent is used primarily to fund continuing grants made in previous years.

CNS Priorities for FY 2009

The FY 2009 Request for CNS focuses on NSF key investments in Cyber-enabled Discovery and
Innovation; Science and Engineering beyond Moore’s Law; and on strengthening existing programs such
as computer systems research and revitalizing education in computing.

Cyber-enabled Discovery and Innovation (CDI)

In support of the ACI, CNS will participate in CDI at a level of $11.0 million, with emphasis in the
following areas:

Understanding Complexity- Robust, secure and highly dependable networks are essential to support
communication, coordination and collaboration in all sectors of society. New knowledge will lead to a
better understanding of how complex computer systems and networks behave at scale, particularly when
under stress, how they are designed and deployed, and how they evolve to support timely integration of
technology innovation and meet the stringent timing and resource requirements of emerging social and
scientific applications and services.

Cyber-physical Systems- Cyber-physical systems represent a class of physical and engineered systems at
the core of human-scale structures, such as medical devices and systems, automobiles and intelligent
highways, as well as large-scale applications, such as industrial process control, robotic manufacturing,
aviation and airspace management and other areas. The operations of these systems are integrated,
monitored, and controlled by a computational core, which is embedded, potentially distributed, and
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requires real-time response. As such, the behavior of a cyber-physical system is a fully-integrated
hybridization of computational (logical) and physical action. CNS research seeks new scientific
foundations and technologies to enable the rapid and reliable integration of computer- and information-
centric physical and engineered systems. The goal is to usher in a new generation of engineered systems
that are highly dependable, efficiently produced, and capable of advanced performance in information,
computation, communication, and control.

Software for Complex Systems- Within this area, CNS will support research on tools for analyzing,
monitoring, debugging, and documenting software for complex systems, as well as other pertinent topics.

Science and Engineering Beyond Moore’s Law (SEBML)

In support of the ACI, CNS will participate in SEBML at a level of $2.0 million, making research
investments in innovative paradigms and design principles for distributed control of large-scale, parallel
applications as well as new programming models and abstractions for massively parallel and data-
intensive applications.

CNS Core Activities

Network Science and Engineering- The growing complexity of the Internet underscores the need to
understand how future, large-scale networks can be engineered to have predictable behavior. It also
raises a wide range of challenges in understanding the inter-play between the technical, economic and
social drivers of our current networks and identifying their broad implications for network design. CNS
will support fundamental research, emphasizing insights into the dynamics of complex networks, and
transformational research leading to the architectures of future-generation networks and services. Further,
a comprehensive, multidisciplinary agenda for network science and engineering research is being
developed in FY 20009.

Computer Systems- CNS investments in computer systems research will focus on: distributed, mobile,
and embedded systems; sensing and control systems; dynamically configured, multiple-component
systems; and parallel systems. The FY 2009 Request will enable a focus on emerging areas, including
data-intensive applications, self-managing and access-anywhere storage, data sharing for agile
organizations, virtualization at scale, and cross-systems integration for configuration and management.
Cybersecurity- Research investments in cybersecurity, including those made through Cyber Trust, will
continue, supporting a vision of a society in which networked computer systems are more predictable,
more accountable, and less vulnerable to attack and abuse; are developed, configured, operated and
evaluated by a well-trained and diverse workforce; and are used by a public educated in their secure and
ethical operation.

Education and Workforce Development- The directorate will continue CISE Pathways to Revitalized
Undergraduate Computing Education (CPATH), a program designed to equip future generations of the
U.S. workforce with the computing competencies and skills necessary to insure the Nation’s health,
security and prosperity in the 21* century. CNS will lead the infusion of computational thinking into
education at all levels and in all areas of science and engineering, and will continue its investments in
Broadening Participation in Computing (BPC) to significantly increase the number of U.S. citizens and
permanent residents receiving post secondary degrees in the computing disciplines.

Research Infrastructure- CNS will provide support for the acquisition, enhancement, and operation of
experimental facilities that enable high-quality computing research and education. Support is also
provided to enhance the computing research infrastructure in under-served institutions and to support the
equipment needs of collaborative, distributed research projects.

Changes from FY 2008

Disciplinary and interdisciplinary research in CNS will increase by $33.0 million. This additional support
will be allocated to research and education priorities such as those described above and will help maintain
a consistent proposal funding rate in CNS.
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INFORMATION AND INTELLIGENT SYSTEMS $173,600,000
The FY 2009 Budget Request for the Division of Information and Intelligent Systems (11S) is $173.60
million, an increase of $34.67 million, or 25.0 percent, over the FY 2008 Estimate of $138.93 million.

Information and Intelligent Systems Funding
(Dollars in Millions)

Change over

FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount Percent

Information and Intelligent Systems $119.26 $138.93 $173.60 $34.67 25.0%
Major Component:

Research & Education Grants 119.26 138.93 173.60 34.67 25.0%
About IIS:

The Division of Information and Intelligent Systems supports research and education that: develops new
knowledge about the role of people in the design and use of information technology; increases the
capabilities of human beings and machines to create, discover and reason with knowledge by advancing
the ability to represent, collect, store, organize, visualize and communicate about data and information;
and advances knowledge about how computational systems can perform tasks autonomously, robustly,
and flexibly.

In general, 54 percent of 1IS funding is available for new research grants. The remaining 46 percent is
used primarily to fund continuing grants made in previous years.

I1S Priorities for FY 2009

The FY 2009 Request for IIS focuses on NSF-wide investments in Cyber-enabled Discovery and
Innovation and Adaptive Systems Technology and on new and emerging research areas in human
computer systems.

Cyber-enabled Discovery and Innovation (CDI)

To address CDI’s thrust on gaining knowledge from data, 1S will invest $9.63 million in research
targeting new data technologies that can scale as technologies continue to increase the quantities, speed,
and dimensionality of data, as well as in research attempting to cope with data heterogeneity due to the
varying data resolutions, scales, modalities, sources, and inherent representational complexities
confronted in scientific and engineering data. These challenges also require the development of new,
suitable computational platforms, especially in the emerging data-intensive computing paradigm, which
represents a rethinking of how computation is done when computing must reside where the data are,
rather than the reverse. To address CDI’s thrust on virtual organizations IS will support research
developing novel computing and communication infrastructure serving the needs of demanding scientific
and engineering domains.

Adaptive Systems Technology (AST)

The robustness and adaptability of biological organisms have been a rich source of metaphors and models
in computer and information science and engineering. 1IS anticipates providing $3.49 million to support
new research directions in which adaptive systems technology informs the problems and approaches
taken within CISE research. Efforts to replicate the physical behaviors exhibited by living organisms can
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provide ways to build systems that exhibit greater robustness than today’s robots, thereby opening up new
environmental niches in which we can contemplate novel pursuits in robotics research and providing a
tool for “synthetic biology” by implementing and testing hypothesized mechanisms that might underlie
behaviors exhibited by biological organisms. Brain-machine interfaces can provide new ways for
computers and humans to interact based on better understanding of the human nervous system and how
electronic technology can interface with it, paving the way for tools that behave as if they are a part of the
nervous system, neural prosthetics that restore and supplement various functions lost during disease or
injury, and more direct modes of interaction between man and machine. CISE research in adaptive
systems technology can help with computational modeling and understanding the representations and
computations that underlie biological organisms, including, importantly, understanding intelligence as a
computational process.

Human-Computer Systems

Although computing is now pervasive in all aspects of human endeavor, the design of computing and
communications systems is still largely ad hoc, developed by their designers via informal and poorly
articulated intuitions about the human use of computing, whether at the level of individuals, groups,
organizations, or societies. In 2009 IIS will target the development of efforts that explicitly build up our
knowledge of how people interact with information technology, and how information technology design
can be explicitly informed by such knowledge. 1S plans to support work that tackles such questions as:
How does the human cognitive system constrain the ways we can most effectively use computing
systems? How can computing systems bring together people to achieve results that are beyond the
capabilities of either computers or people when acting in isolation? How does the structure and nature of
our computing and information networks enable or constrain our ability to harness the combined strengths
of computers and people working together? Although we have models of computability for a computer
acting in isolation, can models be developed that provide insight and guide future development of systems
in which humans and computers work together?

I1S Core Activities

I1S will increase its investments in the core areas of Information and Intelligent Systems, reflecting the
continuing and growing importance of such topics as: accessing and understanding digital content in a
broad range of heterogeneous forms; physics-based modeling for computational vision, robotics,
computer graphics, and other areas that require accurate interaction with and representation or depiction
of the physical world; building systems that exhibit the broad competencies and robust behaviors
exhibited by humans and other biological organisms; and understanding the role of people — whether
singly, in teams, or in society at large — in the context of computing technologies ranging from mobile
platforms to virtual worlds to ubiquitous computing environments.

Changes from FY 2008

The FY 2009 Request for IIS includes an increase of $34.67 million that will be directed to core
disciplinary and interdisciplinary research. This additional support will be allocated to research priorities
as described above and will help maintain a consistent funding rate in IIS.
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INFORMATION TECHNOLOGY RESEARCH $78,240,000

The FY 2009 Budget Request for the Information Technology Research (ITR) subactivity is $78.24
million, equal to the FY 2008 Estimate.

Information Technology Research Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate Request ~ Amount Percent

Information Technology Research ~ $121.89 $78.24 $78.24 - -

Major Component:
Research & Education Grants 121.89 78.24 78.24 - -

About ITR:

The ITR subactivity provides support for transformative explorations in computer information science
and engineering research and related education activities, emphasizing the funding of multi-investigator,
often multidisciplinary, projects.

In general, 70 percent of the ITR portfolio is available to make new research awards. The remaining 30
percent is used primarily to fund continuing grants made in previous years.

ITR Priorities for FY 2009
Funds from the ITR subactivity will be used to target prominent CISE-wide IT research and education
priorities as described below.

Explorations

At a level of $50.0 million, CISE will support larger-scale, often multidisciplinary, research and education
projects that promise fundamental new knowledge in computing, and IT systems that are more reliable
and robust, have better and more predictable performance, provide useful new services, and exploit the
potential of emerging technologies. Funded projects will permit full development and exploration of
fundamental new concepts and ideas in the computing domain, and promise significant contributions to
the ACI.

Established in 2008, the Expeditions in Computing program is a key component of the Explorations
portfolio. The program provides CISE Pls with the opportunity to pursue ambitious, fundamental
research agendas that promise to define the future of computing and information. In planning and
implementing Expeditions, investigators are encouraged to come together within or across departments or
institutions in the identification of compelling, transformative research agendas that promise disruptive
innovations in computing and information for many years to come. Funded at levels up to $2.0 million
per year, Expeditions represent some of the largest single investments currently made by the directorate.
Together with the Science and Technology Centers CISE supports, Expeditions form the centerpiece of
the directorate’s award portfolio. With awards funded at levels that promote the formation of research
teams, CISE recognizes that concurrent research advances in multiple fields or sub-fields are often
necessary to stimulate deep and enduring outcomes.
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$759,330,000

The FY 2009 Budget Request for the Directorate for Engineering (ENG) is $759.33 million, an increase
of $122.46 million, or 19.2 percent, over the FY 2008 Estimate of $636.87 million.

Engineering Funding

(Dollars in Millions)

Change over

FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual  Estimate Request  Amount Percent
Chemical, Bioengineering, Environmental and
Transport Systems (CBET) $128.27  $131.00 $173.34 $42.34 32.3%
Civil, Mechanical and Manufacturing
Innovation (CMMI) 157.30 159.81 201.88 42.07 26.3%
Electrical, Communications and Cyber Systems (ECCS) 83.24 83.50 94.36 10.86 13.0%
Industrial Innovation and Partnerships (I1P) 120.78 121.67 140.90 19.23 15.8%
SBIR/STTR 108.67 109.37 127.00 17.63 16.1%
Engineering Education and Centers (EEC) 115.16 115.89 119.85 3.96 3.4%
Emerging Frontiers in Research and Innovation (EFRI) 25.25 25.00 29.00 4.00 16.0%
19.2%
Total, ENG $629.99  $636.87  $759.33  $122.46

Totals may not add due to rounding.

From manufacturing nano-sized devices to bolstering the
Nation’s energy security, engineering research and education
enable innovative solutions to society’s most significant
challenges. The systems approach inherent to engineering is
becoming crucial for resolving increasingly complex
problems and relentlessly advancing the frontiers of
knowledge and innovation by integrating multiple disciplines.

Engineers are uniquely positioned to not only advance
fundamental understanding, but also to transform discovery
into the innovation essential to the nation’s prosperity,
national  security, quality of life, and economic
competitiveness.

The innovation fueled by engineering improves every
component of society: advances in nanotechnology and

Engineering spans the frontiers: micro- and nano-
scale materials, modeling of complex systems,
technology and human abilities, and alternative
energy.

intelligent manufacturing to create new materials and redefine how materials and structures are designed:;
algorithms to control and predict complexity in systems including atomistic structures, factories, the
national power grid, and the global economy; better technologies for harnessing and storing renewable
energy; complex models and sensors for assessing and monitoring water resources, climate change, and
the environment; biocompatible materials for improving human health; and new approaches to medical

treatment and monitoring.
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ENG Subactivity Funding

(Dollars in Millions)
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RELEVANCE

The Directorate for Engineering provides 40 percent of the total
federal support in university-based, fundamental engineering
research. Having started the National Nanotechnology
Initiative in 2000, the Directorate for Engineering continues to
steer the basic and frontier engineering research that fuels U.S.
technology.

The following research themes for fiscal year 2009 define
transformative research directions. These themes answer key
challenges that are recognized by technology and government
leaders and that are set forth in the American Competitiveness
Initiative (ACI) and the America COMPETES Act.

Cognitive Engineering: Intersection of Engineering and Cognitive Sciences.
neuroscience knowledge are overlapping, particularly in cognitive engineering, which works in two
directions: first, developing technologies to improve understanding of brain functions, particularly
learning, as well as technologies that improve human productivity and potential; and second, using this
understanding to engineer powerful systems and devices that simulate neural networks. Such systems and
devices can bolster monitoring of large-scale, complex systems, and also enable dynamic optimization
and advanced decision-making. Understanding the systems behind human intelligence can help in
designing robotic intelligence. Smart machines that sense and adapt autonomously are the kinds of

Federal Support of Basic Research in
Engineering at Academic Institutions

Other
Federal
Spending
60%
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competitive innovations envisioned for both ACI and America COMPETES. This research also has the
potential to provide new knowledge and technologies — as well as a systems-based understanding of the
brain and nervous system — to bolster the NSF-wide investment in Adaptive Systems Technology.

Competitive Manufacturing and Service Enterprises. Increasingly a knowledge-based industry,
manufacturing is experiencing a paradigm shift, redefining the properties of materials and the assembly
and robustness of structures of all scales. Advances in nanomanufacturing can lead to lower-cost
materials having designed-in properties. These advances are enabled by implementation of advanced
sensors and control theory, and these processes can translate to effective delivery of services such as
wireless access, transportation, and even medical information. Thus, advances in manufacturing
processes also sharpen U.S. competitiveness in the service sector, a primary U.S. employer and a major
industry in the global, knowledge-based economy. Supporting research that can increase U.S.
manufacturing competitiveness directly meets one of the goals set for NSF in the America COMPTES
Act. It also bolsters the ACI goals and initiatives of creating world-class capability and capacity in
nanofabrication and nanomanufacturing; improving sensor and detection capabilities resulting in world-
leading automation and control technologies; and transforming health care through information
technology.

Complexity in Engineered and Natural Systems. The Nation’s infrastructure, such as the national
power grid; the environment and its changes due to a warming climate; security, such as predicting and
responding to adversarial behavior; healthcare and its delivery; and the economy, which is affected by
how people react to information — all these involve large numbers of interacting elements and people and
suggest many of the issues of complex systems. To understand, predict, describe and design for complex
behavior requires a fundamental understanding of complexity, a goal yet to be reached. Investment is
crucial for research advancing knowledge of complexity, developing high-end computing capability for
modeling complex systems, realizing transforming technologies based on understanding complexity, and
strengthening the community’s ability to work across disciplines. It also addresses the ACI goals of
addressing gaps and needs in cyber-security and information assurance to protect our IT-dependent
economy; and enabling scientific advancement through modeling and simulation at unprecedented scale
and complexity. Furthermore, these advances will also support the specific needs — such as networking
protocols and architectures that make systems more resilient — set by America COMPETES for NSF to
enable research that advances communication and information technology for all citizens.

Energy, Water and the Environment. The development of new energy sources must harness and
distribute energy from renewable sources and lessen the burden of power generation on the water supply,
itself already affected by climate change. Frontier research in all fields of engineering can drive essential
breakthroughs for developing systems that increase the efficient use of energy and thus lessen demand;
for understanding, modeling and developing methods to minimize water use during energy production;
for monitoring the supply and quality of water in order to better manage them; and for addressing the ACI
goal of overcoming technological barriers to efficient and economic use of hydrogen and solar energy.
Engineering research builds knowledge in biofuels, hydrogen production, solar cells, energy conversion
and storage, power distribution, and carbon sequestration — all crucial to securing energy security and to
reducing the accumulation of greenhouse gases in the atmosphere.

Systems Nanotechnology. The potential of successfully manipulating matter at the nanoscale is only
beginning to be realized. The next frontier in nanotechnology is to create controllable systems built from
nanoscale components. Such systems will support crucial applications, such as petascale computing;
designing-in properties by manufacturing materials from the nanoscale; regenerating human tissue and
organs from the nanoscale; designing systems of nano-sized sensors for use in medicine, agriculture,
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biological research, or national security; selectively filtering harmful particles from water; and
manufacturing devices, such as solar cells, that efficiently convert and store renewable energy. Advances
in nanotechnology permeate all facets of society, and thus meet many of both the ACI and America
COMPETES goals, such as realizing commercial use of renewable energy; developing world-leading
high-end computing capability (at the petascale) and capacity; creating world-class capability and
capacity in nanofabrication and nanomanufacturing; and realizing materials breakthroughs critical to
cutting-edge research (ACI); and nanoelectronics for advancing communications and information
technology.

Summary of Major Changes by Division (Dollars in Millions)
FY 2008 EStimate, ENG . ....viiit ittt et e e e e e e e e e e et et e $636.87
Chemical, Bioengineering, Environmental and Transport Systems (CBET) +$42.34

CBET research brings engineering together with the physical sciences, with the information
sciences and with the life sciences, uniquely positioning the CBET community to address
complex problems. The Division will increase support in key applications of the physical
sciences, such as catalysis, chemical process design, environmental engineering, advanced
materials, fuel cells, fluid flow, combustion, heat transfer, and particulate processes. These
investments contribute to advances that are important for energy, the environment,
transportation, information technologies, health-related products, and other areas that both
impact our daily lives and sustain and enhance U.S. competitiveness.

Current high-emphasis applications of the life sciences include postgenomic engineering, tissue
engineering, biophotonics, nano-biosystems, and biotechnology. Increased support will lead to
improved biosensors, biomaterials, controlled drug release, bioimaging, medical devices and
instrumentation, artificial organs, therapeutic agent bioprocessing, bioremediation, water and
waste treatment, and food engineering.

Civil, Mechanical and Manufacturing Innovation (CMMI) +$42.07
Provides increased support in the areas related to analyzing, modeling, designing, building, and
securing the nation’s critical infrastructure, and for strengthening its manufacturing and service
enterprises. CMMI will continue to increase investments in engineering education to foster a
world-class engineering workforce. Support will also be increased for projects utilizing the
George E. Brown, Jr. Network for Earthquake Engineering Simulation (NEES) and for hazard-
related research.

Electrical, Communications and Cyber Systems (ECCS) +$10.86
Provides increased support for innovative research in nano and micro systems, and
communication systems and cyber systems that integrate physical devices and components with
computational intelligence and networks. This research will aid in the design, development, and
implementation of new complex and hybrid systems with engineering solutions for a variety of
domain-specific applications to benefit society. Additional funds will also support core research
in the emerging areas of diagnostic and implantable devices; flexible electronics; neuromorphic
engineering; quantum electronics; energy scavenging and alternative energy technologies; and
interdependencies of critical infrastructure in power and communications.

Industrial Innovation and Partnerships (11P) +$19.23
IIP is home for the two legislatively mandated small business research programs, the Small
Business Innovation Research (SBIR) program (+$15.77 million) and the Small Business
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Technology Transfer (STTR) program (+$1.86 million). In addition, IIP leverages industrial
support through two research programs, the Industry/University Cooperative Research Centers
(IIUCRC) program (+$870,000) and the Grant Opportunities for Academic Liaison with
Industry (GOALI) program (+$730,000).

Engineering Education and Centers (EEC) +$3.96
In FY 2009, EEC will provide support for Engineering Research Centers, Nanoscale Science
and Engineering Centers, engineering education research, and engineering workforce
development. Research will be supported to improve the development, management, and
productivity of quality engineering education at both the undergraduate and graduate levels.
Topics of particular interest include: the aims and objectives of engineering education, the
content and organization of the curriculum, how students learn problem solving, how to
encourage creativity and design, developing new methods for assessment and evaluation of how
students learn engineering, understanding the business aspect of engineering education, and
conducting research that helps us understand how to attract a more talented and diverse student
body to all levels of engineering study.

Emerging Frontiers in Research and Innovation (EFRI) +$4.00

EFRI support increases by $4.0 million and will foster transformative opportunities that are
interdisciplinary and high risk with high potential payoff leading to: new research areas for
NSF, ENG, and other agencies; new industries or capabilities that result in a leadership position
for the country; and/or significant progress on a recognized national need or grand challenge.
EFRI was established in FY 2007 to bring together researchers from different disciplines who
work at the frontiers where new knowledge is generated. Now that global competition is
increasing, the technical underpinnings of the past may not be adequate to ensure our continued
success. EFRI will provide critical, strategic support of fundamental discovery, particularly in
areas leading to breakthrough technologies.

Subtotal, Changes +$122.46
FY 2009 ReqUESE, ENG ..o e e e e e e e e e e $759.33
Summary of Major Changes in Directorate-wide Investments (Dollars in Millions)
FY 2008 EStIMate, ENG...... oottt e e e e e e e et e e e $636.87
Discovery +$116.37

ENG has a vital role to play in advancing focus areas and the Foundation-wide activities for FY
2009. Engineering-supported research will be especially relevant in the following areas:

Cyber-enabled Discovery and Innovation (+$8.81 million).

ENG increases will support simulation-based engineering and science, a crucial and far-
reaching capability enabled by cyberinfrastructure. As cyber-enabled discovery advances, so
too must the use of it, such as multiscale modeling, sensor systems, simulation, and integration
of large data sets. These advances can allow predictive decision-making. The next generation
of models will rapidly synthesize design alternatives for large and complex systems, and will
simultaneously capture changes through space and time across many components of multiscale
systems and processes.
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Science and Engineering Beyond Moore’s Law (+$4.0 million).
Engineering contributions are fundamental to advances in this area. For example, research in
nanomanufacturing, photonics, micro- and nanoelectronics, and molecular electronics, will
result in the new materials and devices — such as silicon microelectronics that exploit
properties at the quantum level — required to realize computing capacity beyond the limits
suggested by Moore’s Law.

Adaptive Systems Technology (+$3.49 million).
ENG will support this NSF-wide investment, particularly in the area of neural engineering, an
emerging field that bridges molecular, cellular, systems, cognitive, and behavioral
neuroscience with engineering, physics, chemistry, mathematics, and computer science. This
field promises to develop engineering techniques and systems that will enable new
understanding of the brain, nervous and sensory systems, and other crucial processes in the
body, and the use of this understanding in engineered systems.

Dynamics of Water Processes in the Environment (+$530,000).

The fulcrum point of this research is forecasting: supporting research for monitoring changes
in the water supply and its quality, anticipating droughts or flooding, and understanding how
human activity and environmental changes affect dynamics in water supplies. ENG will
support research to develop monitoring methods, particularly advanced sensor systems and
networks, as well as modeling for a variety of applications, including monitoring of natural and
human-built water systems. ENG will support this activity to bolster research on society’s
critical need to strategically manage a finite resource for which demand is growing.

Disciplinary and Interdisciplinary Research (+$72.85 million).

An increase of $72.85 million will bring support for core research areas to a total of $370.88
million. ENG will continue to build on its strong system of merit review and investigator-
initiated proposals, which advance the frontiers of knowledge and innovation by working
across traditional boundaries and encouraging multidisciplinary, cutting-edge, and high-impact
research including the Climate Change Technology Program. ENG’s core represents a broad
and synergistic convergence of fields, disciplines, and frontier opportunities. This core
supports both newly emerging fields and long-standing challenges that are poised for major
advancement. The Office of Emerging Frontiers in Research and Innovation will continue to
identify, prioritize, and fund emerging areas in engineering research, innovation, and
education.

Faculty Early Career Development Program (CAREER) (+$7.45 million).
Funding increases by $7.45 million, to a total of $45.85 million, to provide 18 additional
awards.

Nanoscale Science and Engineering Centers (NSEC) (+$720,000).
Funding increases by $720,000, to a total of $24.75 million, to provide for planned expansion
of one center.

Engineering Research Centers (ERC) (+$690,000).
Funding increases by $690,000, to a total of $53.55 million, to provide for the planned growth
of the 2008 class of Generation-3 ERCs.
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Industry/University Cooperative Research Centers (+$870,000).
Funding increases by $870,000 to a total of $7.57 million. Engineering support provided to
each center will increase by approximately $10,000 per center. The NSF investment in this
program leverages investment of approximately $65.0 million annually from industry,
university, state, and other federal partners.

Science and Technology Center (-$670,000).
Funding for the Nanobiotechnology Science and Technology Center decreases by $670,000, to
a total of $2.66 million, as the Class of 2000 centers receive final-year phase-down funding.

Small Business Innovation Research/Small Business Technology Transfer (+$17.63 million).
Funding increases by $17.63 million, to a total of $127.0 million to meet the mandated agency
spending target of 2.80 percent of the agency’s extramural research budget.

Learning +$2.54
Integrative Graduate Education & Research Traineeship program (IGERT) (+$290,000).
Funding for the IGERT program increases by $290,000, to a total of $7.59 million, and will
support additional students through this program.
Research Experience for Undergraduates (REU) (+$1.65 million).
Including REU Sites and REU Supplements, this program increases by $1.65 million, to a total
of $14.45 million, providing support to approximately 80 additional students.
Research Experiences for Teachers (RET) (+$600,000).
Including support for the RET Sites and Supplements, this program increases by $600,000, to a
total of $5.20 million, providing research experiences for approximately 60 additional teachers.
Research Infrastructure +$0.85
Network for Earthquake Engineering Simulation (+$850,000).
Funding for operations and maintenance costs increases by $850,000 to a total of $23.02
million, to provide for inflationary increases at the 15 equipment sites that make up this national
network.
Stewardship +$2.70
A number of activities are funded directly from NSF’s programs to advance NSF’s Stewardship
goal. These include Intergovernmental Personnel Act appointments, NSF-wide studies and
evaluations, and mission-related information technology investments. As is discussed further in
the Stewardship chapter of this Request, in FY 2009 NSF has realigned IT investments to tie
mission-related activities more directly to NSF’s programs.
Subtotal, Changes +$122.46
FY 2009 ReqUESE, ENG ... ...ttt e e et e e e et e e e e e e e e e e $759.33
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NSF-WIDE INVESTMENTS

In FY 2009, ENG will support research and education efforts related to broad, Foundation-wide
investments in a number of areas including the Administration’s interagency R&D priorities.

Engineering NSF-wide Investments
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Adaptive Systems Technology - - $3.49 $3.49 N/A
Climate Change Science Program 1.00 1.00 1.00 - -
Cyber-Enabled Discovery and Innovation - 8.00 16.81 8.81 110.1%
Cyberinfrastructure 54.00 56.00 60.00 4.00 7.1%
Dynamics of Water Processes in the

Environment - - 0.53 0.53 N/A
Human and Social Dynamics 2.00 1.50 - -1.50  -100.0%
National Nanotechnology Initiative 137.02 137.02 140.02 3.00 2.2%
Networking and Information

Technology R&D 11.20 19.20 28.01 8.81 45.9%
Science & Engineering Beyond

Moore's Law - - 4.00 4.00 N/A

Adaptive Systems Technology: ENG will support this NSF-wide investment, particularly in the area of
neural engineering, an emerging field that bridges molecular, cellular, systems, cognitive, and behavioral
neuroscience with engineering, physics, chemistry, mathematics, and computer science. This field
promises to develop engineering techniques and systems that will enable new understandings about the
brain, nervous and sensory systems, and other crucial processes in the body. ENG provides a foundation
for this initiative through the research supported by its Cognitive Engineering theme.

Cyberinfrastructure (Cl): ENG currently funds the operation and research program of NEES, the
George E. Brown Jr. Network for Earthquake Engineering Simulation. NEES is NSF’s first distributed-
network cyberinfrastructure research facility. In FY 2009, support increases by $4.0 million to a total of
$60.0 million and will fund ENG projects at the device, node, network, and system levels that will enable
enhanced capabilities for the next generation of cyberinfrastructure. Funding will support projects that
use cyberinfrastructure to enable frontier research in ENG domain areas.

Dynamics of Water Processes in the Environment: The fulcrum point of this research is forecasting:
supporting research for monitoring changes in the water supply and its quality, anticipating droughts or
flooding, and understanding how human activity and environmental changes affect dynamics in water
supplies. ENG will support research to develop monitoring methods, particularly advanced sensor
systems and networks, as well as modeling for a variety of applications, including monitoring of natural
and human-built water systems. ENG will support this initiative to bolster research on society’s critical
need to strategically manage and secure a finite resource for which demand is growing.

National Nanotechnology Initiative (NNI): NSF leads the U.S. nanotechnology research effort, and
ENG is the focal point within NSF for this critical national research endeavor. The goal is to support
fundamental research and catalyze synergistic science and engineering research and education in
emerging areas of nanoscale science and technology as well as research directed at the environmental,
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health, and safety (EHS) impacts of nanotechnology. ENG supported research can push nanotechnology
to the next step, from the present development of passive nanostructures to the next-generation of active
nanostructures that would function as devices and systems. Applications include creating new materials
that are built, and could even self-assemble, from the nanoscale; realizing petascale computing;
regenerating human tissue and organs from the nanoscale; designing systems of nano-sized sensors for
monitoring a human’s health, a water supply’s volume and quality, or an infrastructure; and
manufacturing devices, such as solar cells, that efficiently convert and store renewable energy.

Networking and Information Technology Research and Development (NITRD): ENG supports an
array of fundamental computer and network research, including the Control, Networks and Computational
Intelligence (CNCI) program, which covers creative research and education underlying the analysis and
design of intelligent engineering networks for control, communications, computation, and energy.

Science and Engineering Beyond Moore’s Law: With silicon-based technologies and materials,
computer processing power does in fact have a limit. This initiative supports research aimed at using new
materials, methods, algorithms and knowledge to meet increasingly higher needs for computer processing
power, information storage, reduced energy usage, and other computing demands. It is time now to
exploit quantum states and interactions, new connection architectures, and new algorithms.

QUALITY

ENG maximizes the quality of the R&D it supports through the use of a competitive, merit-based review
process. In FY 2007, the last year for which complete data exist, 96 percent of research funds were
allocated to projects that underwent external merit review.

To ensure the highest quality in processing and recommending proposals for awards, ENG convenes
Committees of Visitors, composed of qualified external evaluators, to review each program every three
years. These experts assess the integrity and efficiency of the processes for proposal review, and provide
a retrospective assessment of the quality of results of NSF’s investments. The Division of Electrical,
Communications and Cyber Systems (ECCS) will be reviewed in FY 2008 and the Chemical,
Bioengineering, Environmental and Transport Systems (CBET) and Civil, Mechanical and Manufacturing
Innovation (CMMI) divisions will be reviewed in FY 2009.

ENG also receives advice from the Advisory Committee for Engineering (AC/ENG) on such issues as:
the mission, programs, and goals that can best serve the engineering community; how ENG can promote
quality graduate and undergraduate education in the engineering sciences; and priority investment areas in
engineering research. The AC/ENG meets twice each year. Its members represent a cross section of
engineering, with representatives from many different sub-disciplines within the field. Members also
come from a variety of institutions, have broad geographic representation, and represent a balance of
underrepresented groups.

PERFORMANCE

The FY 2009 Budget Request is aligned to reflect funding levels associated with the Foundation's four
strategic outcome goals stated in the FY 2006-2011 Strategic Plan. These goals provide an overarching
framework for progress in fundamental research and education and facilitate budget and performance
integration.
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Engineering Funding
By Strategic Outcome Goal
(Dollars in Millions)

Change over

FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent
Discovery $543.18 $544.72 $661.09 $116.37 21.4%
Learning 47.96 52.08 54.62 2.54 4.9%
Research Infrastructure 30.40 31.57 3242 0.85 2.7%
Stewardship 8.46 8.50 11.20 2.70 31.8%
Total, ENG $629.99 $636.87 $759.33 $122.46 19.2%

Totals may not add due to rounding.

ENG will continue its commitment to education, training, and increasing diversity within all of its
Divisions. The FY 2009 budget will maintain award size and continue to focus on multidisciplinary
research activities, interagency partnerships, and international activities with special attention given to

broadening participation at all levels.

Recent Research Highlights

» Mapping the Brain in Time and Space:
Electroencephalography, or EEG, is a method for
mapping brain activity in close to real-time.
However, it cannot pinpoint the location of that
activity  accurately.  Functional ~ magnetic
resonance, or fMRI, can help to pinpoint the
spatial origins of activity, but not quickly enough.
Treating neurological diseases requires mapping
brain activity at a high resolution in both time
and space. Researchers from the University of
Minnesota-Twin  Cities  have  conducted
integrated, high-resolution functional mapping by

(c)

Comparison between cortical imaging from EEG alone (left) and
the multimodal imaging integrating EEG and fMRI (right).
Credit: Bin He, University of Minnesota-Twin Cities.

taking simultaneous measurements with both EEG and fMRI and integrating the data. They also
developed an algorithm to reconcile inconsistencies between the two methods. This combined approach
offers a new window into brain functions and has major biomedical applications. (CBET)
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» Light at the Nanoscale: Vast Potential: Researchers at Harvard
have developed a technique for fabricating nanowires that could propel
the miniaturization of microphotonic devices and transform
telecommunications. They developed a novel method for successfully
thinning a silica fiber to a diameter as small as 100 nanometers. At this
size, light moves along the nanowire like a train along rails, rather than
moving contained within the wire as it does in fiber optic cables. This
difference opens a vast array of flexibility and possibility in
manipulating light at the nanoscale — including the development of high-
resolution sensors or of optical transistors, a gateway to optical
computer chips. The team is also developing fundamental knowledge of
the nonlinear behavior of light at the nanoscale. (ECCS)

Light moves along a nanowire, pictured here wrapped around a human hair. Credit: Eric
Mazur, Harvard University.

» High-Efficiency Plastic Solar Cell: The widespread use of solar
cells is hampered not only by how efficiently the cells convert
sunlight into electricity, but also by the need to lower production costs
for commercial use. With Phase Il funding from the Small Business
Innovation Research program, Konarka Technologies Inc. has
developed a lightweight, flexible, low-cost, and more efficient solar
cell. The cells are actually plastic reels coated with layers of dye-
sensitized titania nanoparticles in a high-volume, continuous process.
The dyes enable the cells to capture relatively larger portions of the
visible spectrum and to absorb more of its energy. (I11P)

Konarka's roll-to-roll, high volume manufacturing process produces thin, flexible solar cells.
Credit: Konarka Technologies Inc.

» Engineering Viruses to Transform Gene
Therapy: Gene therapy is a process of inserting
specified genes into tissue. This enhancement of
genetic information could offer a means for
permanently curing many crippling diseases caused
by genetic defects. One challenge of gene therapy is
the safe and effective delivery of the genes.
Researchers at the University of California-Berkeley
are developing a process to engineer viruses, which
deliver genes as part of their life cycle. The
engineered viruses could deliver specific genes into
designated portions of the genome of targeted cells,
and do so with less risk to the immune system. The  Pictured is the hippocampus of an adult rat brain (the
process uses directed evolution, an algorithm that  hippocampus may be the site of Alzheimer's formation in

.. R . R humans). The blue cells are the original tissue. The green
mimics evolution by generating a Iarge I|brary of areas are where the engineered virus, which carried a gene
viruses and selecting out the appropriate mutation.  encoding the green fluorescent protein (GFP), have
Currently, the team has engineered a virus that successfully entered the hippocampus and delivered the GFP

A . gene. Credit: David Schaffer, University of California at
targets one cell type common in the brain. (CBET) Berkeley.
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The way gold nanorods respond to light makes it possible to

= P Nanorods Outline Cell-Induced Changes in
Collagen: Research is showing that the way cells
respond to mechanical changes in their
environments is critical to how those cells, and the
N tissues they comprise, function. A team of
University of South Carolina (USC), Columbia,

‘1 researchers is studying this interaction at the cellular
A level and in three dimensions, a critical ability.
Metallic nanoparticles are useful tools for studying

. biological systems because of their size and because,
with darkfield microscopy, they produce a pattern of
bright scattered light in the visible spectrum. The

track how a group of cells (pictured at left) placed in a collagen USC team inserted gOld nanorods into a cell-
film (middle and right) push (violet areas) and stretch (red areas) populated collagen film. Digital image analysis

their surroundings as they adjust to a new environment. Credit:

Sarah Baxter, University of South Carolina.

allowed tracking of the movement and deformation
of the light pattern, and thus of deformation between

cells, as the cells tested their environment. Watching the dynamics of the mechanical environment at the
micro-scale can be used to predict a tissue's bulk properties that evolve from changes in its
microstructure. This understanding can aid in many applications, including tissue regeneration. (CMMI)

» Network Collects Data for Predicting a Tornado: Atop a communications tower in tornado alley in

This radar image was generated from reflectivity
data collected by the CASA testbed radar
network in southwestern Oklahoma. The data
revealed morphological details of this Aug. 15,
2006, storm not visible with current methods.
Credit: David McLaughlin, CASA Engineering
Research Center.

Oklahoma is a large white dome ready to collect information
from the lower atmosphere, specifically about rainfall and wind.
Microwave pulses bounce back with more energy from clouds
filled with more water. The sensor is part of a new network that
will collect data, transmit it via wireless communication, and
help to determine rainfall and track the hot spots in a storm. The
Center for Collaborative Adaptive Sensing of the Atmosphere,
an Engineering Research Center, aims to detect, predict and
warn of tornados and other weather hazards. Now online, its
first testbed of a network of distributed radar sensors covers
7,000 square kilometers of tornado alley. The network collects
real-time data near the ground, where existing long-term
Doppler techniques don't measure. As part of its work with the
Experimental Warning Project run by the National Oceanic and
Atmospheric Administration, the network last spring detected
the presence of a tornado not seen by existing techniques. The
network is designed to adapt itself to collect data in a form
needed by specific end-users, such as the local meteorologist or
emergency responders. (EEC)
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» Early, Non-invasive Detection of Pancreatic
Cancer: Using novel light-scattering techniques, [ Hngapin | GANCER g
researchers have found the first evidence that early \ E
stage pancreatic cancer causes subtle changes in
part of the small intestine. The easily monitored
marker may ultimately enable a non-invasive
procedure that can detect the cancer early, much
earlier than current detection procedures allow.
Pancreatic cancer has no obvious symptoms, a
primary reason it killed more than 33,000 people
in the United States last year. Also, the pancreas
can become dangerously inflamed if examined
directly, so routine inspections for at-risk patients
are usually not an option. The new detection ) ) )
technidues, produce an oprical fingerprint gathered ey, o e ey Hon caesous e
from altered tissue in the small intestine, then  National Science Foundation.

enhance the data for a clearer diagnosis.

Researchers scanned tissue samples from 19 people already diagnosed with pancreatic cancer and 32
without the disease. They properly distinguished patients with cancer at an accuracy approaching 100
percent. The clearest results came from patients in the earliest stages of the disease. Moreover, the new
technique works at the nanoscale, allowing it to differentiate cancerous or pre-cancerous tissue from
normal tissue, even if the specimens look identical under a normal biopsy. (CBET)

» Using Transistors to Sense Biomolecules: A unigue sensor
system could potentially detect the presence of heart disease
from a person's drop of blood or detect the presence of chemicals
used for explosives. The technique uses microcantilevers, long
exploited for sensing. Biomolecules (such as specific types of
DNA or specific proteins) placed on the microcantilever
uniquely bind with target molecules in a specific environment,
such as a liquid or gas. Their binding causes surface stress that
bends the microcantilever. Traditionally, optics has been used to
measure microcantilever bending. Instead, researchers have
embedded transistors (specifically, metal-oxide-semiconductor-
lllustration of the technique's potential: a chip  fja|d-effect-transistors), into the microcantilever. They found that
Eﬁ;‘”%g{;”c't“i’ﬁi . pa"? that Cin’d'-?freali deflections as small as 5 nanometers create measurable changes
y presence Or severa Irreren

molecules in parallel. Credit: ~ Vinayak P. in drain current of the transistor. This alternative measuring
B;?\‘/’éfsit;”d Soo-Hyun  Tark, Northwestern  tachnique affords more flexibility, such as the ability to perform
high-resolution sensing in liquids or environments in which light
scatters. They could also equip a chip with several cantilever-transistor pairs designed to sense different
molecules, allowing sensing of the relative amounts of given molecules in an environment. They have a

patent for the technique and are investigating applying it to the sensing of explosives. (ECCS)
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Other Performance Indicators

The tables below show the change in the number of people benefiting from ENG funding, and trends in
the award size, award duration, number of awards, and funding rates.

Number of People Involved in ENG Activities

FY 2007 FY 2008 FY 2009

Estimate Estimate  Estimate
Senior Researchers 6,766 6,868 7,760
Other Professionals 1,385 1,406 1,589
Postdoctorates 386 392 443
Graduate Students 6,110 6,202 7,008
Undergraduate Students 3,010 3,055 3,452
Total Number of People 17,657 17,923 20,252

ENG Funding Profile

FY 2007 FY 2008 FY 2009

Estimate Estimate  Estimate
Statistics for Competitive Awards:
Number 1,958 1,978 2,235
Funding Rate 20% 20% 25%
Statistics for Research Grants:
Number of Research Grants 1,114 1,136 1,590
Funding Rate 16% 16% 20%
Median Annualized Award Size $99,768 $99,800 $101,500
Average Annualized Award Size $115,860 $116,000 $118,000
Average Award Duration, in years 3.0 3.0 3.0
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CHEMICAL, BIOENGINEERING, ENVIRONMENTAL
AND TRANSPORT SYSTEMS $173,340,000

The FY 2009 Budget Request for the Chemical, Bioengineering, Environmental and Transport Systems
Division (CBET) is $173.34 million, an increase of $42.34 million, or 32.3 percent, above the FY 2008
Estimate of $131.0 million.

Chemical, Bioengineering, Environmental and Transport Systems Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Chemical, Bioengineering, Environmental, and Transport

Systems $128.27 $131.00 $173.34 42.34 32.3%
Major Components:
Research and Education Grants 115.67 118.17 160.23 42.06 35.6%
Science and Technology Center (STC) 4.05 4.00 4.00 - -
National Nanoscale Infrastructure Network (NNIN) 3.20 3.20 3.20 - -
Nanoscale Science and Engineering Centers (NSEC) 5.35 5.63 591 0.28 5.0%
About CBET:

The Chemical, Bioengineering, Environmental and Transport Division supports research to enhance and
protect U.S. national health, energy, environment, security, and wealth. Through CBET, the physical, life
and social sciences are merged in engineering research and education, resulting in advances in the rapidly
evolving fields of bioengineering and environmental engineering, and in areas that involve the
transformation and/or transport of matter and energy by chemical, thermal, or mechanical means. CBET
investments contribute significantly to the knowledge base and to the development of the workforce for
major components of the U.S. economy, including chemicals, pharmaceuticals, medical devices, forest
products, metals, petroleum, food, textiles, utilities, and microelectronics. CBET supports research in
biotechnology and the chemical, environmental, biomedical, mechanical, civil, and aerospace engineering
disciplines.

To achieve synergy across disciplinary boundaries, CBET is organized in four program clusters:
Chemical, Biochemical, and Biotechnology Systems; Transport and Thermal Fluids Phenomena;
Biomedical Engineering and Engineering Healthcare; and Environmental Engineering and Sustainability.

In general, 63 percent of the CBET portfolio is available for new research grants. The remaining 37
percent funds continuing grants made in previous years.

CBET Periorities for FY 2009:

The Division will continue to support research in key applications of the physical sciences, such as
catalysis, chemical process design, environmental engineering, advanced materials, fuel cells, fluid flow,
combustion, heat transfer, and particulate processes. These investments contribute to advances that are
important for energy, the environment, transportation, information technologies, health-related products,
and other areas that both impact our daily lives and sustain and enhance U.S. competitiveness.
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Current high-emphasis areas include multi-disciplinary research funded across programs within and
external to the division. This cross-disciplinary research leads to improved biosensors, biomaterials,
controlled drug release, improved medical devices and instrumentation, artificial organs, therapeutic agent
bioprocessing, bioremediation, water and waste treatment, and food engineering. While sustaining the
vitality of these core research areas, CBET actively supports the following theme areas:

Energy, Environment, and Sustainability: CBET will continue to support research on environmentally
benign processes. Energy conversion areas include green gasoline production from biomass, cleaner
combustion processes, fabrication of new materials for solar cells, novel electrode materials for fuel cells,
microbial fuel cells, liquid biofuels, and biohydrogen. The management of greenhouse gases with their
links to climate change will be supported. CBET leads the Water and Environmental Research Systems
(WATERS) Network project (NSF support of $6.20 million for FY 2009), which has, as its objective, the
transformation, at a national scale, of research on water resource engineering. WATERS is aimed at
observing, monitoring, and predicting the nation’s water supply by integrating complex natural
environments with engineered systems. Resilient, sustainable infrastructure is a new area of support for
several programs within the division.

Nanoscale Science and Engineering: CBET will continue its leadership role in supporting research for
designing, synthesizing, and analyzing nanoscale systems. Current emphasis is on active nanoscale
systems leading to improved devices and sustainable manufacturing techniques. CBET also plays a key
role in funding exploratory research on biosystems at the nanoscale. For example, chips and sensors,
combined with microfluidics, are integrated intimately with nanobiotechnology. Many of these systems
are for medical, environmental, and other sensing applications.

Cyber-enabled Discovery and Innovation (CDI): CDI efforts are pervasive throughout CBET’s
programs. Projects involving CDI are funded throughout CBET, and draw increasingly on High
Performance Computing (HPC) capabilities that will be enhanced by NSF-level CDI investments. Multi-
scale modeling is growing rapidly in the academic communities funded by CBET. CBET hosts the
interagency solicitation on multi-scale modeling in Biomedical, Biological, and Behavioral systems.
CBET is also part of an interagency working group on multi-scale chemical sciences and process
informatics kinetics, and encourages strong interaction between modeling and experimental efforts.

Complex Engineered and Natural Systems: CBET invests heavily in complex natural systems through
the environmental programs, including the plan for the WATERS Network, and through projects awarded
in the Biomedical Engineering and Engineering Healthcare cluster. Examples of these types of awards
include the development of artificial retinal implants for sight restoration and neurotechnology-based
computer interfaces to allow people with brain injuries to have use of their limbs.

CBET continues to participate in major NSF-wide investments and supports large scale facilities through
Science and Technology Centers, Nanoscale Science and Engineering Centers and the National
Nanotechnology Infrastructure Network.

Changes from FY 2008:

e Support increases by $2.98 million for the CDI NSF-wide investment.

e Support of $1.40 million for the SEBML NSF-wide investment.

e $1.0 million in support of the AST NSF-wide investment.

e Support of $290,000 for the WATER NSF-wide investment.

e Support increases by $280,000 for Nanoscale Science & Engineering Centers.

o An increase of $36.39 million to support leading edge, frontier research in core programs and in support
of the Engineering research themes.
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CIVIL, MECHANICAL AND MANUFACTURING INNOVATION $201,880,000

The FY 2009 Budget Request for the Civil, Mechanical and Manufacturing Innovation Division (CMMI)
is $201.88 million, an increase of $42.07 million, or 26.3 percent, above the FY 2008 Estimate of $159.81
million.
Civil, Mechanical and Manufacturing Innovation Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Civil, Mechanical and Manufacturing Innovation $157.30 $159.81 $201.88 $42.07 26.3%
Major Components:
Research and Education Grants 129.95 130.85 171.80 40.95 31.3%
Network for Earthquake Enginnering and Simulation (NEES) 20.74 22.17 23.02 0.85 3.8%
National Nanoscale Infrastructure Network (NNIN) 1.65 1.65 1.65 - -
Nanoscale Science and Engineering Centers (NSEC) 4.96 5.14 5.41 0.27 5.3%
About CMMI:

The Civil, Mechanical and Manufacturing Innovation (CMMI) Division supports fundamental research to
advance the frontiers of knowledge in order to enable a globally competitive and sustainable future for the
nation. CMMI supports research to advance the domain knowledge in areas related to analyzing,
modeling, designing, building, and securing the nation’s critical infrastructure, and to strengthening its
manufacturing and service enterprises.

CMMI programs are organized into four areas: resilient and sustainable infrastructure, manufacturing and
service enterprises, mechanics and engineered materials, and engineering decision sciences. These areas
will provide funds for the creation of necessary knowledge to design and secure the nation’s
infrastructure, and to grow our nation’s wealth-producing enterprises.

A major portion of CMMI’s portfolio supports the George E. Brown, Jr. Network for Earthquake
Engineering Simulation (NEES) and hazard-related research. NEES is a system of 15 experimental
facilities located at universities across the United States that work together via cyberinfrastructure. This
research facility addresses important challenges in earthquake and tsunami engineering research that
previously could not be addressed, such as testing structures at near to full scale. Investments in
fundamental earthquake engineering and other hazard-related research enables NSF’s Engineering
Directorate to quickly send research teams to gather ephemeral data immediately following natural as
well as man-made disasters. The fundamental knowledge gained from these investments is being used to
design predictive systems for the nation's infrastructure to mitigate damage, down time, and loss of life
from a wide range of hazards.

CMMI’s design, manufacture, and service portfolio is the largest among the federal agencies that support
fundamental research and discovery driven by innovative research ideas from the community rather than
by pre-defined specifications. This has led to early investments in solid-modeling systems, optimization
and network methods, and processes that provide solid representations directly from digital data and
enable engineered processes for growing tissue.
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In general, 67 percent of the CMMI portfolio is available for new research grants. The remaining 33
percent funds continuing projects made in previous years and operation of facilities and centers.

CMMI priorities for FY 2009:

CMMI’s priorities for FY 2009 align with ENG’s priorities in:

e Cognitive Engineering by supporting research in the areas of nano- and bio-mechanics as well as
biosensors and bioactuators.

o Competitive Manufacturing and Service Enterprises by supporting research in the enabling processes,
systems and enterprises to advance nanomanufacturing and the technology for healthcare delivery.

o Complexity in Engineered and Natural Systems by supporting research that leads to fundamental
knowledge of complex systems and their modeling and research that leads to technologies for the
protection, maintenance, or modification of the nation’s critical civil and cyber infrastructure.

e Energy, Water and the Environment through support for research in understanding the effects of
material processing on the environment and the usage of water and energy.

e Systems Nanotechonology by supporting research in areas that support design, analysis, and
manufacture of systems based on advances in nanotechnology.

A major priority for CMMI is support for NEES research and operations, as well as the grand challenges
NEES research addresses. Research will continue to involve experimental and theoretical simulations at
the NEES facilities as well as expand educational outreach. CMMI is engaged with its research
community to focus its investment priorities. This includes several workshops, cosponsored with DOD
agencies, on fundamental research needs in the area of jointed structures; and workshops for the
Mechanical, Civil, and Environmental Engineering communities to define their future research directions.

CMMI supports nanoscale science and engineering, with programs in the Mechanics and Engineered
Materials cluster, including Nanomanufacturing and Nano/Bio-Mechanics. These programs have a
critical role in converting discoveries into innovations, and are a key component of the Directorate’s
Nanotechnology theme and the grand challenges for the National Nanotechnology Initiative. A range of
manufacturing discoveries and innovations are needed to design the systems and processes to deliver
products, devices and components that take advantage of the unique properties of the nanoscale.
Simultaneously, an entirely new manufacturing workforce needs to be educated and trained in
nanotechnology to bring to fruition the many exciting opportunities that nanotechnology has opened up.
CMMI’s Nanomanufacturing program will continue to support research on improving human physical
and mental abilities through the integration of nanotechnology, biotechnology, information technology,
and cognitive science, as well as a new generation of tools and processes to achieve this goal.

Changes from FY 2008:

Support increases by $3.84 million for the CDI NSF-wide investment.

Support of $1.0 million for the SEBML NSF-wide investment.

$1.49 million in support of the AST NSF-wide investment.

Support of $120,000 for the WATER NSF-wide investment.

An increase of $34.50 million to support leading edge, frontier research in core programs and in

support of the Engineering research themes.

e An increase of $850,000 to a total of $23.02 million will continue to accommodate the operations
phase for the Network for Earthquake Engineering Simulation.

o Support increases by $270,000 for Nanoscale Science & Engineering Centers.

ENG - 18



FY 2009 NSF Budget Request to Congress

ELECTRICAL, COMMUNICATIONS AND CYBER SYSTEMS $94,360,000

The FY 2009 Budget Request for the Electrical, Communications and Cyber Systems (ECCS) Division is
$94.36 million, an increase of $10.86 million, or 13.0 percent, over the FY 2008 Estimate of $83.50
million.

Electrical, Communications and Cyber Systems Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Electrical, Communications and Cyber Systems $83.24 $83.50 $94.36 $10.86 13.0%
Major Components:
Research and Education Grants 71.23 72.37 83.71 11.34 15.7%
Nanoscale Science and Engineering Centers (NSEC) 3.13 3.25 3.44 0.19 5.8%
National Nanoscale Infrastructure Network (NNIN) 481 4.55 4,55 - -
Science and Technology Center (STC) 4.07 3.33 2.66 -0.67  -20.1%
About ECCS:

ECCS will address fundamental research issues underlying device and component technologies, power
and energy, controls, computation, networking, communications and cyber technologies. ECCS will
support the integration and networking of intelligent systems at the nano, micro and macro scales for a
variety of application domains in healthcare, environment, energy, communications, disaster mitigation,
homeland security, transportation, manufacturing, and other systems-related areas. ECCS envisions a
research community that will address major technological challenges for the next generation of devices
and systems due to convergence of technologies and increased emphasis on interdisciplinary research to
achieve the goals of the American Competitiveness Initiative and the America COMPETES Act. ECCS
will integrate education into its research programs to ensure the preparation of a diverse workforce for the
21% century that can enable innovative advances in emerging technologies as drivers of the global
economy.

ECCS is organized around three programs: Electronics, Photonics and Device Technologies; Power,
Controls and Adaptive Networks; and Integrative, Hybrid and Complex Systems, which will focus on
research and educational issues of device and component technologies, network and computational
technologies, and systems engineering.

In general, 70 percent of the ECCS funds are available for new research grants; the remaining 30 percent
funds continuing grants made in prior years.

ECCS Priorities for FY 2009:

The Electronics, Photonics and Device Technologies (EPDT) program will seek to improve the
fundamental understanding of devices and components based on the principles of electronics, photonics,
magnetics, organics, electro-optics, electromechanics, and related physical phenomena at the nanoscale.
The program will enable discovery and innovation in advancing the frontiers of spin electronics,
molecular electronics, bioelectronics, nonsilicon electronics, flexible electronics, optoelectronics,
microwave photonics, power electronics, and mixed signal devices. EPDT will further support related
topics in quantum engineering, novel electromagnetic materials-based devices, radio-frequency integrated
circuits, and reconfigurable antennas for communications, telemedicine and other wireless applications.
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The program will continue cooperative efforts with the semiconductor industry on new nanoelectronics
concepts beyond the scaling limits of silicon technology. EPDT will provide additional emphasis on
emerging areas of diagnostic and implantable devices, and will continue its support for manipulation and
measurement with nanoscale precision through new approaches to instrumentation.

The Power, Controls and Adaptive Networks (PCAN) program will invest in the design and analysis of
intelligent and adaptive engineering networks, including sensing, imaging, controls, and computational
technologies for a variety of application domains. PCAN will further invest in adaptive dynamic
programming, brain-like networked architectures performing real-time learning, cognitive and
neuromorphic engineering, telerobotics and systems theory. PCAN will place strong emphasis on energy
scavenging and alternative energy technologies, critical infrastructure aspects of electric power networks
and grids including generation and integration of renewable, sustainable and distributed energy systems
and associated high-power electronics, and interdependencies of critical infrastructure in power and
communications. PCAN will also provide additional emphasis on quantum and molecular modeling and
simulation of devices and systems.

The Integrative, Hybrid and Complex Systems (IHCS) program is intended to spur visionary systems-
oriented activities in collaborative research and education environments for multidisciplinary integrative
activities. IHCS will offer new challenges at nano/micro/macro levels of systems integration with
engineering solutions for a variety of domain-specific applications. The program will support innovative
research in nano/microsystems, communications systems, and cyber systems that integrate physical
devices and components with controls, computational intelligence and networks. IHCS will also support
integration technologies at intra- and inter-chip levels that target new communication system
architectures, radio-frequency and optical wireless and hybrid communications systems, and mixed-signal
systems. ECCS is committed to supporting the development of innovative hardware, signal processing,
and software architectures for emerging areas of cyber systems for design, integration, and
implementation of multi-scale and multi-level complex systems that will enable visualizing, analyzing,
and reconfiguring of emergent-behavior for various applications. To leverage cyber-enabled discovery
and innovation, IHCS will continue its support in the areas of high-performance computing to analyze and
simulate the behavior of complex systems at the macroscale, and engineering virtual organizations to
improve collaboration, archiving and sharing of data, and disseminating open-source software tools.

ECCS will continue to provide support for specialized resources and infrastructure that facilitate research
and educational activities, as well as crosscutting activities. ECCS will support the development of
people through Foundation-wide programs, such as CAREER and ADVANCE, and through REU and
RET supplements, and will actively participate in the development and management of cross-disciplinary
programs including small teams.

Changes from FY 2008:

Support increases by $1.99 million for the CDI NSF-wide investment.

Support of $1.60 million for the SEBML NSF-wide investment.

$1.0 million in support of the AST NSF-wide investment.

Support of $120,000 for the WATER NSF-wide investment.

Support increases by $190,000 for Nanoscale Science & Engineering Centers

An increase of $6.63 million to support leading edge, frontier research in core programs and in support
of the Engineering research themes.

o Decreases support by $670,000 for the Science and Technology Center.
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INDUSTRIAL INNOVATION AND PARTNERSHIPS $140,900,000

The FY 2009 Budget Request for the Industrial Innovation and Partnerships (IIP) Division is $140.90
million, an increase of $19.23 million, or 15.8 percent, over the FY 2008 Estimate of $121.67 million.

Industrial Innovation and Partnerships Funding
(Dollars in Millions)

Change over
FY 2007 FY2008 FY2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Industrial Innovation and Partnerships $120.78 $121.67 $140.90 $19.23 15.8%
Major Components:
Small Business Innovation Research (SBIR) 97.20 9785 11362 15.77 16.1%
Small Business Technology Transfer (STTR) 11.47 11.52 13.38 1.86 16.1%
Grant Opportunities for Academic Liaison with Industry (GOALLI) 5.51 5.60 6.33 0.73 13.0%
Industry/University Cooperative Research Centers (I/lUCRC) 6.60 6.70 7.57 0.87 13.0%
About I1P:

The Division of Industrial Innovation and Partnerships serves the entire Foundation by fostering
partnerships aimed at advancing technological innovation. The division is organized to respond to the
American Competitiveness Initiative (ACI) and the America COMPETES Act by catalyzing the
transformation of discovery into societal benefits through stimulating partnerships for innovators. 1IP is
home to two legislatively mandated small business research programs, the Small Business Innovation
Research program (SBIR) and the Small Business Technology Transfer program (STTR). Additionally,
IIP leverages industrial support through two research programs, Industry/University Cooperative
Research Centers (I/UCRCs) and Grant Opportunities for Academic Liaison with Industry (GOALI)
programs.

Twice each year, SBIR and STTR release proposal solicitations containing topics targeted to innovative
small businesses in the United States. These solicitations cover technologies that emphasize innovation
with commercialization potential. From the business community perspective, SBIR/STTR investments
are considered “pre-seed.” That is, they support research that is considered too high-risk for even early
stage corporate investment. The research topics in the SBIR/STTR solicitations are designed to meet the
needs of capital/investment markets, strategic partners, and national and societal priorities. They also
have the potential to encourage new venture and business investments outside of the SBIR/STTR
program.

The Industry/University Cooperative Research Centers (I/UCRC) program develops long-term
partnerships among industry, academe, and government. The centers are catalyzed by a small investment
from NSF, and are primarily supported by industry center members, with NSF taking a supporting,
guiding role in their development and evolution. Each center is established to conduct research that is of
interest to both the industry and the center. An I/UCRC contributes to the nation's innovation
infrastructure base and enhances the intellectual capacity of the engineering and science workforce
through the integration of research and education.

The Grant Opportunities for Academic Liaison with Industry (GOALI) program enables partnerships
between industry and academe where there is a common intellectual, educational, and innovation agenda.
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The program supports (a) faculty, postdoctoral fellows, and students to conduct research and gain
experience in an industrial setting; (b) industry scientists and engineers to bring industrial perspective and
integrative skills to academe; and (c) interdisciplinary university/industry teams to conduct long-term
projects. The program targets high-risk and high-gain research, focusing on high-risk topics that would
not otherwise be undertaken by industry. It enables development of innovative, collaborative
university/industry educational programs, and the direct exchange of new knowledge between academe
and industry.

IIP Priorities for FY 2009:

Within the SBIR/STTR research topics, Biotechnology, Information Technology, and Electronics
Technology are positioned to potentially attract venture capital and “angel network” communities.
Advanced Materials and Manufacturing and Chemical Technology research topics are of interest to the
large corporations that see the potential for strategic partnerships with the small business community.
Selected topics are launched in response to national priorities such as Manufacturing Innovation and
Security Technology. To accelerate near term technological innovation, a special topic, Emerging
Opportunities, and a supplement to qualifying Phase | grantees, were launched in 2006. Starting in FY
2006, SBIR and STTR programs reversed the downward trend in funding rate from a low of 14 percent
by controlling release of solicitation topics. With increased funding in 2008, the target is to achieve a 20
percent funding rate.

The 47 I/UCRCs work closely with industry to develop enabling technologies needed to manage the
electrical power system, improve manufacturing and biological processes, develop new materials,
improve information and telecommunications technologies, and innovate new products and services. The
I/UCRC program provides modest seed funds and management expertise to these highly leveraged
centers, with states joining in many partnerships to expand the centers’ activities to impact local economic
development. The I/UCRC program also supports a supplemental research initiative to advance the
underlying innovation potential of the centers. Currently, the I/UCRC and SBIR/STTR programs are
exploring synergistic academic-small business partnership opportunities as a model to accelerate the
innovation process.

The strategic plan for the Directorate for Engineering calls for increasing partnerships between academic
and industrial communities. GOALI is well positioned to directly impact this objective. GOALI
leverages its budget with support from other academic research programs by a factor of four-to-one. In
FY 2009, the GOALI program will seek opportunities to accelerate innovation, strengthening the
discovery knowledge base for a quicker transformation of discovery to societal benefit.

Changes from FY 2008:

o Increase of $15.77 million, to a total of $113.62 million for the Small Business Innovation Research
program.

e Increase of $1.86 million, to a total of $13.38 million for the Small Business Technology Transfer
program.

o Funding increases $870,000, to a total of $7.57 million for the I/UCRC program.

e Increase of $730,000, to a total of $6.33 million for GOALI program.
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ENGINEERING EDUCATION AND CENTERS $119,850,000

The FY 2009 Budget Request for the Engineering Education and Centers (EEC) Division is $119.85
million, an increase of $3.96 million, or 3.4 percent, over the FY 2008 Estimate of $115.89 million.

Engineering Education and Centers Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Engineering Education and Centers $115.16 $115.89  $119.85 3.96 3.4%
Major Components:
Research and Education Grants 55.28 49.68 52.95 3.27 6.6%
Engineering Research Centers (ERC) 47.05 52.86 53.55 0.69 1.3%
Nanoscale Science and Engineering Centers (NSEC) 9.48 10.00 10.00 - -
Network for Computational Nanotechnologiy 3.35 3.35 3.35 - -
About EEC:

The Engineering Education and Centers (EEC) Division promotes and facilitates university research and
curricula by supporting innovative programs that integrate research and education, improve the quality of
the engineering workforce, cut across disciplines, and enable a breadth of investigation that spans from
idea inception to proof-of-concept. The division’s programs are divided into three major categories:
development of interdisciplinary research centers that foster partnerships between academe, government
and industry; advancing graduate and undergraduate engineering education; and development of a diverse
and capable technical workforce. EEC programs address issues that are critical to all fields of
engineering and benefit from a centralized management focus, as well as complement the research and
education portfolios of the other divisions of the Directorate for Engineering. Included programs benefit
from a scope encompassing all of engineering and a scale that both facilitates the incorporation of new
scientific knowledge into engineering and requires rigorous monitoring and evaluation systems.

In general, 79 percent of the EEC portfolio is used to fund centers, graduate fellowships, and
undergraduate programs. Approximately 21 percent of the EEC portfolio is available for new research
grants.

EEC Priorities for FY 2009:

In FY 2009, EEC will provide support for Engineering Research Centers, Nanoscale Science and
Engineering Centers, engineering education research, and engineering workforce development.

In FY 2009, 15 Engineering Research Centers will receive funding. Examples of center research include:
research and development of sensory prostheses that interface to the human nervous system, systems for
detection of and warning for severe storms, computer-integrated surgical systems, biomaterials for
implants, reconfigurable manufacturing systems, and power electronics. In FY 2008, EEC is planning to
add five new ERCs to the portfolio through the graduation to self-sufficiency of existing ERCs, and
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through the phasing down of support to others during FY 2006 and 2007 to prepare them for self-
sufficiency.

The eight ongoing Nanoscale Science and Engineering Centers, fully or partially supported by EEC,
perform research to advance the development of the ultra-small technology that will transform
electronics, materials, medicine, and many other fields. They involve key partnerships with industry,
national laboratories, and other sectors; and support education programs from the graduate to the pre-
college levels designed to develop a highly skilled workforce. Funds are also provided to smaller
interdisciplinary teams and to the Network for Computational Nanotechnology (www.nanHub.org), a
web-accessible repository of simulations of nanoscale phenomena for research and education.

EEC programs in engineering education are aimed at transforming engineering education to produce an
engineering workforce that is diverse and creative, understands the impacts of its solutions on both
technical and social systems, and possesses the ability to adapt to the rapidly evolving technical
environment in industry, academe, and society. In FY 2009, research will be supported to improve the
development, management, and productivity of quality engineering education at both the undergraduate
and graduate levels. Significant breakthroughs in understanding are sought so that our undergraduate and
graduate engineering education can be transformed to meet the needs of the changing economy and
society. Topics of particular interest include: the aims and objectives of engineering education, the
content and organization of the curriculum, how students learn problem solving, how to encourage
creativity and design, developing new methods for assessment and evaluation of how students learn
engineering, understanding the business aspect of engineering education, and conducting research that
helps us understand how to attract and retain a more talented and diverse student body to all levels of
engineering study.

Existing programs in Research Experiences for Undergraduates (REU) Sites and Research Experiences
for Teachers (RET) Sites, which have been shown to be successful programs for broadening participation
in engineering programs at both the undergraduate and graduate levels, will increase in FY 20009.
Changes from FY 2008:

o Support for the Research and Education Grants increases by $3.27 million, to a total of $52.95 million.
e Funding for ERCs increases by $690,000, to a total of $53.55 million.
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EMERGING FRONTIERS IN RESEARCH AND INNOVATION $29,000,000

The FY 2009 Budget Request for the Office of Emerging Frontiers in Research and Innovation (EFRI) is
$29.0 million, an increase of $4.0 million, or 16.0 percent, over the FY 2008 Estimate of $25.0 million.

Emerging Frontiers in Research and Innovation Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount Percent

Emerging Frontiers in Research and Innovation 25.25 $25.00 $29.00 $4.00 16.0%

About EFRI:

The Office of Emerging Frontiers in Research and Innovation (EFRI) resides within the Office of the
Assistant Director for Engineering and was established in FY 2007 to fulfill the critical role of helping
ENG focus on important emerging areas in a timely manner. Each year EFRI recommends, prioritizes,
and funds interdisciplinary topics at the emerging frontier of engineering research and education. These
emerging frontiers are frequently found in transformative interdisciplinary areas. The divisions within the
NSF’s Engineering Directorate are not strategically aligned to support this type of research, which often
falls outside the usual classifications and research areas. EFRI enables ENG to pursue these
interdisciplinary areas by allowing the engineering community to come forward with new and paradigm-
shifting proposals at the interface of disciplines and fields.

Technological innovations, particularly over the past decade, have given rise to new industries, expanded
our access to quality healthcare, and fueled our nation’s prosperity even in the face of growing global
competition. Now that global competition is increasing, the technical underpinnings of the past may not
be adequate to ensure our continued success. EFRI will provide critical, strategic support of fundamental
discovery, particularly in areas leading to breakthrough technologies.

EFRI investments represent transformative opportunities, potentially leading to: new research areas for
NSF and other agencies; new industries or capabilities that result in a leadership position for the country;
and/or significant progress on a recognized national need or grand challenge. These challenges may
include areas such as safe, clean water; sustainable energy resources; technologies to overcome physical
limitations from disease or injury; and integrated systems designed to thwart attacks on U.S.
infrastructures and interests throughout the world. EFRI will have the necessary flexibility to target our
long-term challenges, while retaining the ability and agility to adapt as new challenges demand.

In general, 100 percent of the EFRI portfolio is available for new research grants.
EFRI Priorities for FY 2009:

The role of the EFRI Office is to fund research opportunities that would be difficult to fund with current
mechanisms, such as Small Grants for Exploratory Research, typical core awards, or large research center
solicitations. The successful topics would likely require small- to medium-sized interdisciplinary teams
of researchers with significant funding, for a period of time needed to make substantial progress that
would provide evidence for additional follow-on funding through other established funding mechanisms.
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Mechanisms: Potential EFRI topics can arise from input from a number of sources: the community,
advisory committees, workshops, professional societies, academies, proposals and awards, and NSF
committees of visitors. Yet, in the case of directed specified topics, the ENG program directors will play
the central role within NSF.

Potential EFRI topics will be evaluated against criteria such as: Does the topic represent an opportunity
for a significant leap or paradigm shift in a research area, or have the potential to create a new research
area? Is there potential for making significant progress on a current national need or grand challenge? Is
the financial and research scope beyond the capabilities of one division? Is the community able to
organize and effectively respond?

Example topic areas that EFRI has pursued based on the above criteria are Autonomously Reconfigurable
Engineered Systems (ARES), Cellular and Biomolecular Engineering (CBE), Cognitive Optimization
(COPN), and Resilient and Sustainable Infrastructures (RESIN). In ARES, researchers are paving new
research frontiers for engineering systems that can modify themselves when subject to unplanned events.
In CBE, methods and technologies are being developed to regenerate some of the body’s most complex
tissues. COPN will fund projects that will build new dynamic optimization algorithms by studying the
way systems of neurons do such complex tasks. RESIN will fund projects to develop the theoretical
foundation, methods, and technologies for making interdependent critical infrastructures both resilient
and sustainable.

EFRI research in FY 2009 will better enable the Engineering Directorate to meet its strategic goal of
fostering frontier and transformative research. Topics for EFRI support will typically relate to the five
key ENG Themes. These are:

o Cognitive Engineering, which focuses on the intersection of engineering and cognitive science;

o Competitive Manufacturing and Service Enterprises, which includes research that catalyzes multiscale
manufacturing, from fundamental metrology to new knowledge for realizing atomic-scale control of
raw materials and systems;

o Complexity in Engineered and Natural Systems, which addresses unifying principles that enable
modeling, prediction, and control of emergent behavior in complex systems;

o Energy, Water and the Environment, which focuses on an integrative approach to understanding
interconnections among energy, water, and the environment; and includes frontier research to improve
the cost, sustainability, and security of our nation’s energy system; and

o Systems Nanotechnology, which is the next frontier in nanotechnology. This research will help to
create controllable systems built from nanoscale components and help in understanding interactions
among nanostructures and their collective behavior in systems. Goals are discoveries and innovation
for new industrial and medical applications.

These frontier research areas will guide the decision-making process throughout the Engineering
Directorate, but specifically within the Office of Emerging Frontiers in Research and Innovation.

Changes from FY 2008:

The additional $4.0 million will allow for the support of 14 awards, rather than 12, to strengthen the
impact of this important office.
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GEOSCIENCES $848,670,000

The FY 2009 Budget Request for the Directorate for Geosciences (GEO) is $848.67 million, an increase
of $96.01 million, or 12.8 percent, over the FY 2008 Estimate of $752.66 million.

Geosciences Funding
(Dollars in Millions)

Change Over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Atmospheric Sciences (ATM) 22744 22930  260.58 31.28 13.6%
Earth Sciences (EAR) 152.83  156.08  177.73 21.65 13.9%
Innovative & Collaborative Education &

Research (ICER) 56.82 56.82 56.82 - -
Ocean Sciences (OCE) 308.76  310.46  353.54 43.08 13.9%
Total, GEO $745.85 $752.66 $848.67  $96.01 12.8%

Totals may not add due to rounding.

As the principal source of federal funding for university-based fundamental research in the geosciences,
the Directorate for Geosciences addresses the Nation’s need to understand, predict, and respond to
environmental events and changes. GEO-supported research also advances our ability to predict natural
phenomena of economic and human significance, such as climate changes, hurricanes, fish-stock
fluctuations, earthquakes, and disruptive events in the solar-terrestrial environment. GEO is NSF’s lead
partner in the U.S. Global Change Research Program, and plays a critical role in advancing our
understanding of the basic drivers of global environmental change and the Earth’s responses.

GEO Subactivity Funding
(Dollars in Millions)
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RELEVANCE

Federal Support for Basic Research in

GEO provides about 59 percent of the total federal funding Geosciences at Academic Institutions

for university-based, basic research in the geosciences. In
addition to playing a critical role in addressing the Nation's
need to understand, predict, and respond to environmental

events and changes, GEO also helps to determine the best NSF 59%

use of Earth's resources. Fundamental research in the Other
geosciences advances scientific knowledge of resources Federal
such as fresh water, energy, minerals, and biological Spending

diversity, leading to improved future quality of life. GEO al%
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investments include many environmental studies coordinated through the U.S. Climate Change Science
Program. GEO supports many national and global observational facilities and other research
infrastructure for land, ocean, and atmospheric processes.

GEO supports basic research that advances the frontiers of knowledge and drives technological
innovation while improving our understanding of the many processes that affect the global environment.
These processes include the role of the atmosphere and oceans in climate, the planetary water cycle, and
ocean acidification. Support is provided for interdisciplinary studies that contribute directly to national
research priorities: hydrologic systems, biogeochemical dynamics, ecological systems and dynamics,
solid earth processes, and solar influences on the Earth system. Lives are saved and property is preserved
through better prediction and understanding of natural environmental hazards such as earthquakes,
tornados, hurricanes, tsunamis, drought, and solar storms. Basic research supported by GEO enables
preparation for and subsequent mitigation of or adaptation to the effects of these and other disruptive
natural events. Associated with these studies is the need for databases and cyberinfrastructure to provide
the scientific community with the resources to assemble and utilize data and information efficiently and
effectively, consistent with the Administration’s priorities for research and development.

GEO supports research and education in a variety of areas that are consistent with the American
Competitiveness Initiative. Many fields within the geosciences focus on physics in the environment —
solar-terrestrial interactions and the complex interplay of forces in the Earth’s core that creates the Earth’s
magnetic field, for example — and other areas such as integrated water cycle science and studies of climate
change are of tremendous relevance with potentially huge economic benefits. Further, activities
supported by GEO are well-aligned with the Administration’s research and development priorities,
including investments in high-end computing, improving our ability to understand and respond to global
environmental issues, and improving quality of life. Finally, geoscience research directly contributes to
NSF’s priority of fostering research that improves our ability to live sustainably on Earth.

GEO will coordinate with other federal agencies and the science community to implement both near-term
and longer-term goals as articulated in the Ocean Research Priorities Plan. In particular, near-term
interagency studies will emphasize forecasting the responses of coastal ecosystems to persistent forcing
and extreme events and the development of new marine ecosystem sensors for measurement of biological,
physical, and chemical properties of the ocean. Also important will be comparative analysis of marine
ecosystem organization and a robust assessment of the variability of the Atlantic meridional overturning
circulation and its implications for rapid climate change.

Two critical areas receiving increased emphasis in FY 2009 are the NSF-wide activities Dynamics of
Water Processes in the Environment and Cyber-enabled Discovery and Innovation (CDI). Science has
advanced to the point that it is now possible to examine terrestrial water as a dynamic system rather than
as the aggregate of discrete components. In FY 2009, the focus of GEO’s investment will be to define
frontier research opportunities, delineate NSF’s leadership role in this area and advance activities in
foundational water systems research. This investment will create the scientific basis for analytical models
that can anticipate fresh water needs and availability under a variety of human-forced scenarios and as
mediated by climate change. GEO’s investment in CDI will focus on the development of the next
generation of computationally-based discovery concepts and tools to deal with data-rich and interacting
systems.
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Summary of Major Changes by Division (Dollars in Millions)
FY 2008 EStIMAte, GEO ......ccociiieiiieiieisee ettt sttt ne st nenne e ans $752.66
Atmospheric Sciences (ATM) +31.28

Increased support will augment research to understand and predict environmental extreme
events and to understand the effects of biogeochemical cycles. Increased support will also
be provided for advanced cyberinfrastructure and numerical models; and to increase
participation in key interagency such as the US Climate Change Science Program, the U.S.
Weather Research Program and the National Space Weather Program. Support for
atmospheric observing facilities and the National Center for Atmospheric Research will
increase to enable expansion of activities related to climate modeling and provision of
world-class ground, airborne, and space-borne observational facilities and services.

Earth Sciences (EAR) +$21.65

Increased funding is focused on operational and scientific support of the EarthScope
facility. Research support in EAR will also increase, with emphasis on support for
theoretical research, including the biological geosciences, the hydrologic sciences and the
study of natural hazards, such as earthquakes and volcanic eruptions. The final year of
construction funding for EarthScope was appropriated through the Major Research
Equipment and Facilities Construction (MREFC) account in FY 2007, although
construction activities will continue through FY 2008.

Innovative & Collaborative Education and Research (ICER) +$0.00
In FY 2009, support for international collaborative activities and other cross-directorate
programs will remain level, enabling continued international collaborations, maintenance of
crosscutting diversity and education programs, and programs focused on integrated earth
systems research.

Ocean Sciences (OCE) +$43.08
Areas receiving increased funding support include developmental activities related to the
Ocean Observatories Initiative, operation of the Academic Research Fleet, and operational
support for the Integrated Ocean Drilling Program. Increased support will also target the
near-term research priorities of the Ocean Research Priorities Plan, emerging trends in the
biogeochemical cycles, and paleoperspectives on climate change.

Subtotal, Changes +$96.01
FY 2009 REQUEST, GEO.......i ittt sttt ettt te e e s besseesbesteeseesbeanaesrennen $848.67
Summary of Major Changes in Directorate-wide Investments (Dollars in Millions)
FY 2008 EStIMAte, GEO ....oviiiiiieiii ettt sttt ettt sttt e st e e st e e s s st e s s st aa e s s sabaaaessabreees $752.66
Discovery +$46.40

Cyber-enabled Discovery and Innovation (+$3.42 million).
Investment in CDI seeks to infuse computational thinking into all areas of the geosciences,
bringing computational capabilities into the traditional experimentation-observation-analysis-
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theory research paradigm. GEO’s investment in CDI will focus on the development of the next
generation of computationally-based discovery concepts and tools to deal with data-rich and
interacting systems.

Dynamics of Water Processes in Earth’s Environment (+$5.26 million).
Initial GEO funding of funding of $5.26 million in FY 2009 will focus on defining frontier
research opportunities, delineating NSF’s leadership role in this area and advancing activities in
foundational water systems research, establishing open access data systems, and mining data
for essential scientific information.

Ocean Research Priorities Plan (+$12.0 million).
Responding to the Ocean Research Priorities Plan (ORPP), GEO will support highly
meritorious proposals addressing both the near-term and long-term priorities articulated in the
ORPP.

Disciplinary and Interdisciplinary Research (+$24.77 million).

GEO investments in fundamental research will continue to advance the frontiers of knowledge
and discovery by working across traditional boundaries and encouraging multidisciplinary,
transformative, and high-impact research. Contributing to American technical innovation and
scientific leadership, these investments directly address government-wide research and
development priorities, particularly those related to innovation; understanding global and
regional environmental issues, such as adaptation and mitigation to climate change; natural
disasters; and improving the future quality of life.

Centers (-$50,000).
In FY 2009, several changes to centers support are planned. Beginning in FY 2009, GEO will
partially support, at $250,000, a center on nano-related environment, safety, and health. Also,
support for a Science and Technology Center (STC) started in FY 2000 will ramp down as
planned toward sunset in FY 20009.

CAREER (+$1.0 million).
Support for NSF’s premier award for early career investigators will increase by $1.0 million.

Learning +$0.48

Integrative Graduate Education and Research Traineeships (IGERT) (+$80,000).
An increase of $80,000 to a total of $3.47 million will enable the support of additional
participants in this important cross-Foundation program.

Research Experiences for Undergraduates (+$400,000).
Support for both REU supplements and sites will be augmented, enabling the support of
approximately 50 additional student participants.
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Research Infrastructure +$46.33

Academic Research Fleet (+$13.30 million).
GEO is the primary supporter of operations of the national Academic Research Fleet. An
increase of $14.8 million, to a total of $87.96 million, will augment support of ship operations
and provide a number of enhancements to the academic fleet.

Within this amount, an increase of $6.80 million to a total of 72.96 million will enable NSF-
supported researchers to conduct research in the world’s oceans. FY 2009 is planned as the
start of a series of up to three Regional-class Research Vessel acquisitions ($10.0 million, an
increase of $8.50 million over the FY 2008 Estimate) to move beyond the design phase and
begin construction of ships to replace aging and less capable ships. Replacement Human
Occupied Vehicle (RHOV) construction continues at a level of $1.0 million.

EarthScope Operation (+$8.68 million).
Operational support of the EarthScope facility funded through GEO is $26.29 million in FY
2009, an increase of $8.68 million over the FY 2008 Estimate, enabling operation of the
completed facility. The final year of construction funding for EarthScope was appropriated
through the MREFC account in FY 2007, although construction activities will continue through
FY 2008.

Incorporated Research Institutions for Seismology (IRIS) Operation (+$450,000).
Operational support of the IRIS facility will total $12.2 million, a $450,000 increase over the
FY 2008 Estimate. This increase will enable the repair, and upgrade of seismic stations and
instrument replacements.

Ocean Drilling Activities (+$8.48 million).
The Integrated Ocean Drilling Program (IODP), including operation of the Scientific Ocean
Drilling Vessel (SODV) acquired and outfitted with support from the MREFC account, will
increase overall by $8.48 million to a total of $47.74 million. FY 2009 represents the first
fiscal year the refurbished drillship will be fully available to the program after extensive
shipyard work.

Ocean Observatories (+$1.5 million).
Support for activities to prepare for the Ocean Observatories Initiative, one of GEO’s
contributions to the Global Earth Observation Systems of Systems (GEOSS) will increase to
enable continued planning.

National Center for Atmospheric Research (NCAR) (+$9.0 million).

NCAR is a Federally Funded Research and Development Center (FFRDC) supported by NSF
and other federal agencies to provide facilities and support for a wide range of studies in the
atmospheric and related sciences. In FY 2009, GEO support for NCAR will increase by $9.0
million, to a total of $95.42 million to: accelerate efforts in provide robust, accessible, and
innovative information services and tools to the community; enhance NCAR’s ability to
provide to researchers world-class ground, airborne, and space-borne observational facilities
and services; increase our understanding of societal resilience to weather, climate, and other
atmospheric hazards; and increase efforts to cultivate a scientifically literate and engaged
citizenry and a diverse and creative workforce.
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Research Resources (+$4.82 million).

Support for community instruments and databases, including the University Navstar
Consortium (UNAVCO), a number of radar facilities to study processes in the upper
atmosphere, and many small instruments supported for research community use will increase

by $4.82 million to a total of $64.16 million.

Other Research Infrastructure (+$100,000).

Support for the National Astronomy and lonosphere Center (NAIC) will be augmented slightly
to enable Geoscience activities at this facility to continue at a comparable level to FY 2008.

Stewardship +$2.80
A number of activities are funded directly from NSF’s programs to advance NSF’s Stewardship
goal. These include Intergovernmental Personnel Act appointments, NSF-wide studies and
evaluations, and mission-related information technology investments. As is discussed further
in the Stewardship chapter of this Request, in FY 2009 NSF has realigned IT investments to tie
mission-related activities more directly to NSF’s programs.
Subtotal, Changes +$97.05
FY 2009 REQUESTE, GEO ..ottt bbbt bt $848.67

GEO Facilities Funding
(Dollars in Millions)

FY 2007 FY 2008 FY 2009

Change over
FY 2008 Estimate

Facilities Actual Estimate Request Amount  Percent
Academic Research Fleet $87.94 $70.66 $83.96 $13.30 18.8%
Regional Research Vessel 1.57 1.50 10.00 850  566.7%
RHOV Construction (R/V Alvin Replacement) 9.05 1.00 1.00 - -
R/V Langseth Construction (R/V Ewing Replacement) 0.69 2.00 - -2.00 -100.0%
Ship Operation and Upgrade 76.63 66.16 72.96 6.80 10.3%
EarthScope: USArray, SAFOD, PBO 11.63 17.61 26.29 8.68 49.3%
Incorporated Research Institutions for Seismology 11.77 11.75 12.20 0.45 3.8%
Integrated Ocean Drilling Program (IODP) 34.71 39.26 47.74 8.48 21.6%
Nanofabrication (NNIN) 0.50 0.50 0.50 - -
Ocean Observatories 6.49 9.00 10.50 1.50 16.7%
NCAR 85.12  86.42  95.42 9.00 10.4%
NAIC - 1.70 1.80 0.10 5.9%
Total, GEO $238.15 $236.90 $278.41 $41.51 17.5%

Totals may not add due to rounding.

NSF-WIDE INVESTMENTS

In FY 2009, the Directorate for Geosciences will support research and education efforts related to broad,
Foundation-wide investments in a number of areas including the Administration’s interagency R&D

priorities.
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GEO Funding for NSF-Wide Investments
(Dollars in Millions)

Change Over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Biocomplexity in the Environment $26.1 - - - n/a
Climate Change Science Program 157.7 157.7 164.7 7.0 4.4%
Cyber-enabled Discovery & Innovation - 1.0 4.4 3.4  342.0%
Cyberinfrastructure 75.0 75.0 80.0 5.0 6.7%
Dynamics of Water Processes in the Environment - - 5.3 53 n/a
Human & Social Dynamics 1.4 14 - -1.4  -100.0%
International Polar Year 5.7 5.0 - -5.0 -100.0%
Mathematical Sciences 5.8 - - - n/a
National Nanotechnology Initiative 9.7 9.7 6.3 3.3 -34.4%
Networking & Information Technology R&D 14.6 15.6 19.0 34 22.0%

Biocomplexity in the Environment: With the conclusion of this priority area in FY 2007, key
components of investment in Biocomplexity in the Environment will be transferred to core programs for
continued support, with selected aspects such as studies of biogeochemical cycles being revitalized.

Climate Change Science Program (CCSP): GEO leads NSF efforts in the interagency CCSP to
enhance understanding of the dynamics among natural and human systems, generate the knowledge
needed to preserve, manage, and enhance the environment, as well as to support national and international
policy-making activities. Directly contributing to the Administration’s R&D priorities, specific activities
include programs focused on understanding past climate variability, elucidating how carbon and nitrogen
cycle through the earth, atmosphere, and oceans, and efforts to develop and refine computational models
of Earth system processes. In FY 2009, increased emphasis will be placed on understanding the Earth’s
water cycle and on climate-driven aspects of disruptive environmental events, such as hurricanes and
severe storms.

Cyber-enabled Discovery and Innovation: Investments in CDI seek to infuse computational thinking
into all areas of the geosciences, bringing computational capabilities into the traditional experimentation-
observation-analysis-theory research paradigm. GEQ’s investment in CDI will focus on the development
of the next generation of computationally-based discovery concepts and tools to deal with data-rich and
interacting systems.

Cyberinfrastructure (Cl): GEO cyberinfrastructure investment supports the development of 1T-based
research infrastructure for disciplines across the geosciences. One flagship activity is the Climate
Simulation Laboratory at NCAR, located in Boulder, CO, which serves a broad community of researchers
utilizing advanced computational techniques to model atmospheric processes ranging from projections of
future climate to forecasting hurricane intensity and landfall.

Dynamics of Water Processes in the Environment: Science has advanced to the point that it is now
possible to examine terrestrial water as a dynamic system rather than as the aggregate of discrete
components. In FY 2009, the focus of this investment will be to define frontier research opportunities,
delineate NSF’s leadership role in this area and advance activities in foundational water systems research.
This investment will create the scientific basis for analytical models that can anticipate fresh water needs
and availability under a variety of human-forced scenarios and as mediated by climate change.
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Human and Social Dynamics (HSD): With the conclusion of this priority area in FY 2008, the
collaboration between social scientists and geoscientists will continue informally through ongoing
research programs.

International Polar Year (IPY): With the conclusion of IPY in March 2009, components of the
investment will be transferred to core programs for continued support.

Mathematical Sciences: With the conclusion of this priority area in FY 2007, the collaboration between
mathematicians and geoscientists will continue informally through ongoing research programs.

National Nanotechnology Initiative (NNI): Nanotechnology is recognized as one of the current
frontiers of innovation, and is specifically linked to the ACI. Contributing to NNI, GEO will support
studies of natural nanoscale processes in the environment and utilize nanoscale phenomena as catalysts
for environmental remediation.

Networking and Information Technology Research and Development (NITRD): Investments in this
area advance the state-of-the-art in computing and information technology, and support the development
of a worldclass computing workforce and a broader I1T-savvy workforce. Within NITRD, an area which
explicitly supports the Administration’s agency-wide R&D priorities, GEO focuses on the development
and enhancement of computational modeling capacity and capability.

QUALITY

GEO maximizes the quality of the R&D it supports through the use of a competitive, merit-based review
process. The share of basic and applied research funds that were allocated to projects that undergo merit
review was 77 percent in FY 2007, the last year for which complete data exist. OMB’s definition of
competitive, merit-based review, however, does not include Federally Funded Research and Development
Centers. Therefore, support for the National Center for Atmospheric Research, although regularly merit-
reviewed, is not considered as funding that undergoes competitive, merit-based review for this
calculation. If included, the merit-reviewed share of GEO funding would rise to 88 percent.

To ensure the highest quality in processing and recommending proposals for awards, GEO convenes
Committees of Visitors, composed of qualified external evaluators, to review each program every three
years. These experts assess the integrity and efficiency of the processes for proposal review and provide a
retrospective assessment of the quality of results of NSF’s investments. In FY 2009, GEO will convene
COVs for the University Corporation for Atmospheric Research (UCAR) and the Lower Atmospheric
Facilities Oversight Section of the ATM Division, the Ocean Section of the OCE Division, and the
Marine Geosciences Section of the OCE Division. In FY 2008, GEO will convene COVs for the Upper
Atmospheric Facilities Section of the ATM Division, the Surface Earth Processes Section and the Deep
Earth Processes Section in the EAR Division, and the Integrative Projects Section in the OCE Division.
COVs were convened for the Lower Atmospheric Research Section of the ATM Division, the
Instrumentation and Facilities Program in the EAR Division and GEO’s Education and Diversity
Programs in FY 2007.

The Directorate receives advice from the Advisory Committee for Geosciences (AC/GEO) on such issues
as: the mission, programs, and goals that can best serve the scientific community; how GEO can promote
quality graduate and undergraduate education in the geosciences; and priority investment areas in
geoscience research. The AC/GEO meets twice a year and members represent a cross section of the
geosciences, with representatives from many different sub-disciplines within the field; a broad range of
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academic institutions and industry; broad geographic representation; and balanced representation of
women and under-represented minorities.

PERFORMANCE

The FY 2009 Budget Request is aligned to reflect funding levels associated with the Foundation’s four
strategic outcome goals stated in the FY 2006-2011 Strategic Plan. These goals provide an overarching
framework for progress in fundamental research and education and facilitate budget and performance
integration.
Geosciences
By Strategic Outcome Goal
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate Request Amount Percent
Discovery $404.91 $419.00 $471.30 $52.30 12.5%
Learning 33.18 30.26 30.74 0.48 1.6%
Research Infrastructure 300.00 295.65 336.07 40.42 13.7%
Stewardship 7.75 7.75 10.55 2.80 36.1%
Total, GEO $745.84 $752.66 $848.67 $96.01 12.8%

Totals may not add due to rounding.

GEO will continue its commitment to education, training, and increasing diversity in FY 2009. The FY
2009 Request will permit an increase in average award size and allow GEO to continue to focus on
multidisciplinary research activities, inter-agency partnerships, and international activities with special
attention given to broadening participation at all levels. In addition, the sustaining of existing
infrastructure and the development of new infrastructure remain priorities, with ongoing support for the
acquisition of new regional research vessels and increased support for ship upgrades, the Ocean Drilling
Activities program and the operation of the EarthScope facility being constructed through the MREFC
account.

Recent Research Highlights

» Scientists Explain Source of Tiny Tremors Emanating
from Fault Zones: Tiny earthquakes, discovered in fault zones
from California to Japan, may foreshadow catastrophic events.
NSF-supported seismologists say these findings may be useful in
understanding potentially destructive mega-quakes of magnitude
8 or higher. They found that non-volcanic tremors are often
accompanied by low-frequency earthquakes — small quakes of
magnitude 1 or 2. Recent studies suggest that giant quakes are
preceded by a series of much deeper events called slow (or silent)
earthquakes, which displace the ground without shaking it. A Entire buildings tilt because of ground failure

slow earthquake can last days, months, or years without being felt  after the Niigata, Japan, earthquake. Credit:

at the surface. The insight may open new avenues of research for NGDC.

predicting earthquake hazards by using low-frequency earthquakes as indicators. It could lead to an
improved ability to forecast a major earthquake. (EAR)
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» Developing Ocean Literacy: The often devastating consequences of
hurricanes and tsunamis, and the even larger-scale consequences of global
climate change, ocean acidification, and the collapse of commercial
fisheries, illustrate the powerful role that ocean processes play in shaping
the human condition. Preventing or mitigating these consequences requires
that ocean scientists, educators, and policy makers work together so that
informed choices are made for the common good.

The Centers for Ocean Sciences Education Excellence (COSEEs) have
been instrumental in promoting the development of ocean literacy concepts
at a national scale. In June 2006, NSF co-sponsored the Conference on
Ocean Literacy which brought together representatives from federal
agencies, experts in formal and informal education, non-governmental
organizations, and industry representatives to lay the groundwork for
developing a national strategy for an ocean-literate society. The
recommendations from the conference include revamping curricular
standards, improving linkages between the research communities,
educators, and government agencies, and fostering regional and national
networks. Together, they represent a major advance in meeting the
challenge of increasing public understanding of ocean processes. (OCE)

" i

o =y
The Ocean Literacy Initiative.
Credit: Copvriaht Kio F Evans.

» Study Shows Southern San Andreas may be Ready for a Major
Earthquake: Yuri Fialko at the University of California, San Diego
Scripps Institute of Oceanography was funded by NSF to explore the
Earth's deformation in southern California, using satellite images, GPS and
seismic measurements.

1 This research has substantially improved description and understanding of
the strain building along major plate boundary faults, the southern San
Andreas Fault and the San Jacinto Fault. Fialko calculated that over the
last 300 years the San Andreas Fault has accumulated 6 to 8 meters of slip

- P deficit (between 20 and 26 feet), which is close to or in excess of the
Landsat satellite image of the  maximum slip deficit ever documented for the fault. The San Jacinto Fault
Salton Sea, Coachella Valley and 5 straining at rates higher than other estimates, at 19-21 millimeters per

the San Andreas fault in .
California.  Credit: Yuri Fiako  Year (between .75 and .83 inches per year).

uCsD/SIO

In addition, a prominent feature of the strain accumulation that has not
been previously recognized is that the eastern side of the faults are moving faster than the western side.
The results also imply that the southern San Andreas Fault is in the late phase of seismic loading and may
be primed for a significant earthquake. The researcher collaborated with the Scripps Institution of
Oceanography Visualization Center to provide online, visually compelling illustrations of these recent
results to a broader audience. (EAR)
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» Scientists Track Impact of Asian Dust and Pollution on
Clouds, Climate Change: Scientists are using one of the nation's
newest and most capable research aircraft, HIAPER, a modified
Gulfstream-V aircraft, for a far-reaching field project to study
plumes of airborne dust and pollutants that originate in Asia and
journey to North America. The plumes are among the largest such
events on Earth, so great in scope that scientists believe they
might affect clouds and weather across thousands of miles while
interacting with the sun's radiation and playing a role in global
climate. Known as PACDEX (Pacific Dust Experiment), the
project will be led by scientists at the NSF-supported National

Plumes from airborne dust and pollutants will

Center for Atmospheric Research and the Scripps Institution of  pe ™ gudied during the Pacific Dust
Oceanography. PACDEX will help scientists refine computer  Experiment. Credit: NCAR..

models of greenhouse gas emissions and improve forecasts of

future climate change. (ATM)

4 P Biodiversity Loss in the Oceans Impacts Human
Resources: Marine ecosystems around the world are being
impacted by multiple environmental and human pressures that
result in the loss of populations and species. The effect is
commonly referred to as a decrease in biodiversity. While the
outcomes of these losses are difficult to understand and predict,
recent research funded by NSF's Biological Oceanography
Program and conducted by Emmett Duffy from the Virginia
Institute of Marine Sciences, Fiorenza Micheli of Stanford
University, and John Stachowicz at the University of California,
Davis, and analyzed at the NSF-supported National Center for
Ecological Analysis and Synthesis (NCEAS), describes both the
gravity of the changes and mechanisms to remediate the current
trajectories of biodiversity loss (Worm et al., 2006 Science 314:
787-790).

By conducting a large scale analysis of published data from a
wide variety of coastal and oceanic ecosystems, the authors were
: e . able to discern important long-term ecological patterns. The
ganding o Codisn in te oulf of Male analysis shows that increased diversity of primary producers
Fisheries. (phytoplankton, seagrasses, etc.) and primary consumers
enhanced all ecosystem processes examined, such as nutrient

cycling, growth, transfer of energy through the food web, and the ability to withstand repeated

disturbances such as storms or hurricanes.

Their research also revealed that biodiversity losses contribute to significant declines in fishery resources
and areas used as nursery habitats for fishes. Globally, commercial fish populations have been on a long
downward trend, and their ability to recover is dramatically degraded by declining biodiversity.
Significantly, however, the research showed that when marine ecosystems are protected through
restoration efforts or the establishment of marine protected areas (MPAs), the yield of fisheries increases.
By maintaining species diversity in a wide variety of marine ecosystems, many key processes that humans
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have come to rely on (such as fisheries yields and pollution control) may be maintained and improved
with long-term economic benefits. (OCE)

»  Northwest Atlantic Ocean Ecosystems Experiencing
Large Climate-Related Changes: Ecosystems along the
continental shelf waters of the Northwest Atlantic Ocean are
experiencing large, rapid changes. While some scientists have
pointed to the decline of cod from overfishing as the main reason
for the shifting ecosystems, researchers emphasize climate
change is also playing a big role. A majority of scientists believe
humans are warming the planet by burning fossil fuels and
changing land surfaces, with early signs of this warming now = = :
. . . . . . The influx of fresh water from Arctic
appearing in the Arctic. Since the late 1980s, scientists have climate change is impacting seasonal
observed pulses of fresh water from increased precipitation and fisheries  and  plankton.  Credit:
melting of ice on land and sea in the Arctic. This fresh water Jupiterimages.
flows into the North Atlantic Ocean, making the water less salty. At the same time, climate-driven shifts
in Arctic wind patterns have redirected ocean currents. The combination of these processes has led to a
freshening of the seawater along the North Atlantic shelf which in turn has impacted the seasonal cycles
of phytoplankton (tiny floating plants), zooplankton (tiny animals like copepods) and fish populations that
live near the surface. (OCE)

» Revolutionary Satellite System Boosts Accuracy of Weather
and Climate Predictions: Preliminary findings from a novel
satellite system launched earlier this year show that the system can
increase the accuracy of forecasts of hurricane behavior,
significantly improve long-range weather forecasts, and monitor
climate change with unprecedented accuracy. The set of six
microsatellites, launched in April 2006, is probing the atmosphere in
ways that have been impossible with previous observing systems.
The system, Constellation Observing System for Meteorology,
lonosphere and Climate (COSMIC), is based on a design provided
by the University Corporation for Atmospheric Research (UCAR).

COSMIC works by tracking tiny changes in the speed of GPS radio
signals. Using these data, scientists can now produce vertical
profiles of temperature and water vapor at more than 1,000 points
over Earth each day, sampling the troposphere (the atmosphere's
"weather layer," closest to Earth's surface) and the stratosphere. By

COSMIC launch from Vandenberg Air . . . .
Force Base in California at 6:40 p.m. PDT  NeXt year, some 2,500 profiles will be produced daily. Higher up, the

(9:40 p.m. EDT) on Friday, April 14, system measures electron density in the ionosphere, an important

2006. Credit: Photo courtesy of Orbital

Sciences Corporation. observation for space-weather analysis and forecasting.

In a test at the European Centre for Medium-Range Weather
Forecasts, scientists added COSMIC data to the other weather observations used to kick-start computer
forecast models. With the help of COSMIC data, stratospheric temperature forecasts over the Northern
Hemisphere improved significantly. Predictions of hurricanes and typhoons should also benefit from
COSMIC. A test involving one of the main U.S. forecast models found that the model was able to predict
the birth of Hurricane Ernesto in 2006 two days in advance with COSMIC data. Without the data, the
model was unable to predict Ernesto's formation. Tests in Taiwan involving Tropical Storm Bilis and
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other cyclones showed that COSMIC data can reduce errors in track prediction. Generating thousands of
profiles each day, COSMIC data will also help scientists observe the density of high-altitude electrons
associated with damaging solar storms. Until now, altitudes of peak electron density have been difficult
to study and predict because forecast models have had limited data on the vertical distribution of
electrons.

The $100 million COSMIC network is the product of an agreement between the American Institute in
Taiwan and the Taipei Economic and Cultural Representative Office in the United States. COSMIC is
known as FORMOSAT-3 in Taiwan. U.S. support for COSMIC is provided by the National Science
Foundation, NASA, the National Oceanic and Atmospheric Administration, and the Office of Naval
Research. The Jet Propulsion Laboratory developed the GPS receivers used in COSMIC. (EAR)

» Science Quest: Engaging At-Risk Students: Scientists at the University
of South Carolina are leading a program designed to increase minority student
participation in the geosciences using an after school program called Science
Quest. In this program, University of South Carolina graduate students in
science (team leaders) work with three to five 6th grade "at-risk™ students in
exploring a geoscience-related topic. Teams meet once a week for 1.5 hours
over a period of 10-12 weeks at two parks in poor neighborhoods. Secondary
goals are to expose graduate students to outreach activities, develop hands-on
activities involving their research, and use geoscience equipment in middle
school classrooms. (EAR)

Graduate student and middle school children working on an experiment. Credit: Dee Albritton (Fast
Forward Technology Center) and Dr. Claudia Benitez-Nelson (University of South Carolina).

Other Performance Indicators

The tables below show the number of people benefiting from GEO funding, and trends in award size,
duration, number of awards, and funding rates.

Number of People Involved in GEO Activities

FY 2007 FY 2008 FY 2009
Estimate Estimate Estimate

Senior Researchers 4,188 4,200 4,700
Other Professionals 2,934 3,000 3,400
Postdoctorates 617 600 700
Graduate Students 2,416 2,400 2,700
Undergraduate Students 1,672 1,700 1,900
Total Number of People 11,827 11,900 13,400
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GEO Funding Profile

FY 2007 FY 2008 FY 2009
Estimate Estimate Estimate
Statistics for Competitive Awards:
Number 1,347 1,400 1,600
Funding Rate 31% 31% 31%
Statistics for Research Grants:
Number of Research Grants 1,037 1,100 1,250
Funding Rate 27% 27% 28%
Median Annualized Award Size $119,713 $120,000 $125,000
Average Annualized Award Size $153,922 $155,000  $160,000
Average Award Duration, in years 3 3 3
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ATMOSPHERIC SCIENCES $260,580,000

The FY 2009 Request for the Division of Atmospheric Sciences (ATM) is $260.58 million, an increase of
$31.28 million, or 13.6 percent, over the FY 2008 Estimate of $228.7 million.

Atmospheric Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request Amount  Percent

Atmospheric Sciences Research Support $142.32  $142.88 $165.16  $22.28 15.6%
National Center for Atmospheric Research 85.12 86.42 95.42 9.00 10.4%
Atmospheric Sciences $227.44  $229.30 $260.58  $31.28 13.6%
Major Components
Research and Education Grants 104.93 105.38 125.16 19.78 18.8%
Centers Programs
Center for Integrated Space Weather Modeling 4.00 4.00 4.00 - -
Center for Atmospheric Process Modeling 4.00 4.00 4.00 - -
Facilities
National Center for Atmospheric Research (NCAR) 85.12 86.42 95.42 9.00 10.4%
Research Resources and Infrastructure 29.39 29.50 32.00 2.50 8.5%

Totals may not add due to rounding.

About ATM:

The North American continent is subject to some of the world’s most severe weather. As well as the
impacts of winter Pacific storms, tropical storms over the Atlantic Ocean, Caribbean Sea, or Gulf of
Mexico can develop into fierce hurricanes that pound coastal regions, spawning tornadoes and producing
torrential rains and floods, and resulting in large numbers of fatalities and billions of dollars in damage to
property. In the upper reaches of the Earth’s atmosphere, huge solar storms can damage satellites, disrupt
communication and navigation systems, and cause widespread failures in the electrical power grid. The
human impacts of urban pollution and extreme weather can be severe and costly. In order to improve our
ability to predict and mitigate these events, we need to further our understanding of the physics,
chemistry, and dynamics of the Earth’s atmosphere, from the Earth’s surface to the sun, on timescales
ranging from minutes to millennia. We need to better understand the underlying trends, the impact of
man-made changes, the complex interactions between systems, and the coupling among the atmosphere,
the biosphere, and the oceans. ATM supports such research through the provision of large, complex
facilities, community modeling projects, cyberinfrastructure, and individual research grants, providing
about 60 percent of the total federal support for academic atmospheric research.

ATM provides support for: 1) basic science projects and 2) the acquisition, maintenance, and operation
of observational and cyberinfrastructure facilities and services that enable modern day atmospheric
science research activities.

For the science activities supported by ATM, a variety of modes of support are used. Although the
majority of this support is through the traditional “individual investigator” merit-reviewed, multi-year
grants, ATM also supports small scale, limited-duration exploratory research projects; collaborative or
multi-investigator group projects focusing on a particular project, subject, or activity; large center or
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center-like projects; and funding for the research conducted by NSF’s National Center for Atmospheric
Research (NCAR), which extends and enhances research at universities.

Facility funding is provided through cooperative agreements to NCAR and several other institutions to
acquire, maintain, and operate specific observational and cyberinfrastructure facilities that support the
research and educational activities of NSF-sponsored projects, scientists, and students.

ATM supports a diverse portfolio of research, education, and infrastructure activities. Approximately 46
percent of the annual budget of ATM is used to support individuals and small groups of researchers, with
approximately 17 percent of the total division budget being available to support new research grants.

ATM priorities for FY 2009:

« Natural Hazards: Building on years of research to understand and predict weather and space weather
phenomena, these research activities will be augmented to better understand and predict extreme
events such as cyclone formation and life cycle;

« Biogeochemical Cycles: Research in this area includes an emphasis on understanding the sources,
sinks, and processes which control the atmospheric abundance and distribution of carbon, water, and
other environmentally important elements;

o Environmental Modeling: Support for new data assimilation and innovative mathematical and
statistical techniques will improve predictions of fundamental space, atmospheric, and Earth system
processes;

e Cyberinfrastructure and Numerical Models: Improvements in this area will allow new discoveries,
greater access to atmospheric data, and improved understanding of the atmospheric environment; and

« Interagency and International Programs: ATM will continue support of these programs, including the
Climate Change Science Program, the U.S. Weather Research Program, the National Space Weather
Program and cooperative international science programs.

o ATM will accelerate investment in NCAR to significantly increase progress towards understanding
the Earth system and improve research infrastructure capabilities available to the atmospheric
sciences community.

Changes from FY 2008:

e The increase in FY 2009 will permit targeted key areas of research which were flat funded in FY
2008 to move forward. The increased support for research and education grants and centers by
$17.58 million, to a total of $116.83 million, will also permit limited growth in the disciplinary
programs, Viz:

- an increase of $4.0 million in research on natural hazards (i.e. severe weather and space weather);
- an increase of $4.0 million for cyberinfrastructure investments; and
- an increase of $9.58 million in other disciplinary programs.

Limited additional funds in FY 2008 prevented efforts to enhance the ATM-supported facilities. With an
FY 2009 increase of $14.30 million to a total of $135.75, ATM will accelerate efforts to provide the
community with robust, accessible, and world-class ground, airborne, and space-borne observational
facilities and services. This increase includes:

e anincrease an increase of $9.05 million for NCAR; and

« anincrease of $5.25 million for operations of AMISR and other atmospheric research facilities.

Additional information on major ATM-supported facilities is available in the Facilities chapter.
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EARTH SCIENCES $177,730,000

The FY 2009 Request for the Division of Earth Sciences (EAR) is $177.73 million, an increase of $21.65
million, or 13.9 percent, over the FY 2008 Estimate of $156.08 million.

Earth Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Earth Science Project Support 117.66 120.90 139.57 18.67 15.4%
Instrumentation and Facilities 35.17 35.18 38.16 2.98 8.5%
Earth Sciences $152.83 $156.08 $177.73 $21.65 13.9%
Major Components:
Research and Education Grants 99.55 97.68 107.93 10.25 10.5%
Centers Programs
Sustainability of Semi-Arid Hydrology and Riparian Areas 3.29 2.96 2.96 - -
National Center for Earth-Surface Dynamics 3.60 3.60 3.60 - -
Facilities
Incorporated Research Institutions for Seismology (IRIS) 11.77 11.75 12.20 0.45 3.8%
EarthScope Operations 11.63 17.61 26.29 8.68 49.3%
Other Earth Sciences Infrastructure 23.00 22.48 24.75 2.27 10.1%

Totals may not add due to rounding.
About EAR:

The Earth functions as a complex system that affects every aspect of our daily lives. Earthquakes and
related tsunamis periodically result in devastating loss of property and lives, and erupting volcanoes are
fed by tectonic processes deep in the earth and may create great societal disruption. The Earth’s liquid-
core-generated magnetic field is undergoing rapid change that may be related to mantle convection
processes. Our energy is largely provided by fossil fuels discovered in the subsurface and pumped or
mined. The energy industry pumps liquid carbon dioxide into geological formations both as means of
enhancing oil recovery and sequestration of carbon from the fossil fuel-dependent power generation
process. The clean water we require to sustain life is made available through the hydrologic cycle. Clues
to the climate change process lie in buried sediments and rocks that can be analyzed from drill cores. Soil
forming and modification processes directly impact agriculture. EAR supports the study of these and
many other Earth processes by providing funds for research and education, instrumentation,
cyberinfrastructure, and shared-use facilities.

EAR supports a diverse portfolio of research, education, and infrastructure activities. Approximately 65
percent of the annual budget of EAR is used to support individuals and small groups of researchers, with
approximately 31 percent of the total division budget being available to support new research grants.

Earth science is moving into a new era as we deploy an unprecedented array of instrumentation to image
the planet’s interior, sense the tectonic motions of the surface (for example, with the Global
Seismographic Network and NSF’s EarthScope project), and establish observatories for study of the
Earth’s environmental systems. Massive amounts of data generated by these observations require a
revolution in hardware and software capability. Geoinformatics is the collaboration between geoscientists
and computer scientists to utilize these data and solve complex scientific problems. EAR has enhanced
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its support to link available data sets, standardize documentation, and provide easy-to-use access tools and
computer modeling and analysis codes for scientists and educators alike. Projects currently supported
include:

Consortia of universities, such as the Incorporated Research Institutions for Seismology (IRIS),
UNAVCO, Inc. and WINnSAR, maintain highly sophisticated seismic, geodetic, and satellite radar data
that are heavily used by the research and hazards community. For example, the seismic data provided
by the IRIS Global Seismographic Network gave emergency personnel the first indication of the
location and severe damage potential of the great Sumatra earthquake and tsunami of December 2004.
EAR is supporting the development of a hydrologic information system that will provide seamless
access to a variety of datasets such as the National Water Information System, the Ameriflux tower
network, and the National Climatic Data Center. These systems are increasingly vital for decisions
affecting water management in arid regions, flood mitigation, and groundwater pollution
containment.

Geoinformatics-supported projects are linking data sets bearing on sedimentary sequences and
geologic time. This will greatly improve our understanding of the Earth’s surface environments and
climate changes in deep time.

The Southern California Earthquake Center (SCEC) has been utilizing computational facilities at the
University of California San Diego Supercomputer Center to build complex models of the crust of
southern California and its response to great earthquakes on local faults. Their results are providing
significant input to disaster preparedness and a better understanding of fundamental earthquake
processes.

The Computational Infrastructure for Geodynamics (CIG) project, headquartered at the California
Institute of Technology, but with participation of at least 24 other research institutions, will focus on
developing advanced software to enable individual Earth scientists to produce more realistic
simulations in fields such as seismology, plate tectonics, volcanism, and geomagnetism.

EAR priorities for FY 2009:

EarthScope Operations and Science Support: The new EarthScope facility will begin full operations
and maintenance enabling new science at the intersection of several subfields within the earth
sciences. Construction activities will conclude in FY 2008, and full operations begin in FY 20009.
Supporting the operation of the facility and the science it enables continues to be a high priority for
EAR. Additional information can be found in the Facilities chapter.

Maintaining a strong, flexible program of research and education grants to create new ideas and
technologies and attract and train students is the primary focus in stewardship of the EAR portfolio.
Emphasis will be given to increasing the support for theoretical research, including the biological
geosciences, the hydrologic sciences and the study of natural hazards, such as earthquakes and
volcanic eruptions. The key element across the EAR portfolio is expanding the science community’s
capability for computationally challenging global-scale research, such as dynamic modeling of Earth
system processes, and managing and integrating very large data sets.

Changes from FY 2008:

In FY 2008, EarthScope operations and maintenance could only be supported at $17.61 million rather
than $21.61 million as requested. The FY 2009 Request addresses this shortfall by increasing the
level to $26.29 million.

An increase of $750,000 will be invested in Critical Zone Observatories, coordinated field
installations aimed at elucidating the interactions of natural systems in the Earth’s near surface
environment.

Research programs across EAR will be augmented by $10.25 million.
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INNOVATIVE & COLLABORATIVE EDUCATION AND RESEARCH $56,820,000

The FY 2009 Request for the Division of Innovative & Collaborative Education and Research (ICER) is
$56.82 million, level with the FY 2008 Estimate.

Innovative and Collaborative Education and Research Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Innovative & Collaborative Education

and Research $56.82  $56.82 $56.82 - -
Major Components:
Research and Education Grants 51.29 51.22 51.22 - -
International Collaborations 5.53 5.60 5.60 - -
About ICER:

ICER supports novel, complex, or partnership projects in both research and education. These investments
cut across traditional boundaries within the geosciences, encouraging interdisciplinary activities and
responding directly to critical needs of the entire geoscience community. ICER’s principal goals are to
develop innovative means to initiate and support geoscience education, attract underrepresented groups to
careers in the geosciences, foster the interchange of scientific information nationally and internationally,
and to join with other parts of NSF in major integrative research and education efforts.

ICER supports a diverse portfolio of research and education activities. Almost 90 percent of the annual
budget of ICER is used to support individuals and small groups of researchers, with approximately 44
percent of the total division budget being available to support new research grants.

ICER Priorities for FY 2009:

Education and Broadening Participation in the Geosciences: Cross-divisional education activities
include investments in development of curricula and resources specific to broad geoscience education, a
leadership activity for geoscience teachers, and support for internet capabilities for geoscience education.
In FY 2009, resources will be targeted at increasing the diversity of the geoscience workforce and
enhancing the linkages between existing education and diversity projects and LSAMP awards. In a
partnership with NASA, NSF will continue support for the GLOBE program. GEO contributes to
programs for interdisciplinary graduate education (IGERT) and outreach to students (GK-12).

Interdisciplinary Research: ICER supports a major competition on Carbon and Water in Earth
Systems. This research is within the NSF-wide framework for Environmental Research and Education
and aims to increase fundamental understanding of the interrelation of physical, chemical, geological,
hydrologic, atmospheric, and biological processes that comprise Earth’s natural systems. Examples
include highly interdisciplinary programs that involve several NSF directorates, such as solicitations on
Coupled Natural and Human Systems and Human and Social Dynamics, particularly regarding decision
making and uncertainty.
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International Collaborations: ICER will continue support of targeted, catalytic international
partnerships related to the broad interests of the geosciences, especially those that encourage global and
regional scientific observations and information-sharing, and enable participation by U.S. investigators.
One example is the Inter-American Institute for Global Change Research, a program that fosters research
across the Americas.

Changes from FY 2008:

No changes in programmatic support are requested from the FY 2008 Estimate.
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OCEAN SCIENCES $353,540,000

The FY 2009 Request for the Division of Ocean Sciences (OCE) is $353.54 million, an increase of
$43.08 million, or 13.9 percent over the FY 2008 Estimate of $310.46 million.

Ocean Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Ocean Section 115.64 115.64  130.70 15.06 13.0%
Integrative Programs Section 112.54 112,54  128.54 16.00 14.2%
Marine Geosciences Section 80.58 82.28 94.30 12.02 14.6%
Ocean Sciences $308.76 $310.46 $353.54 $43.08 13.9%
Major Components:
Research and Education Grants 163.52 175.45  195.20 19.75 11.3%
Long-term Ecological Research Centers 3.64 3.64 3.64 - -
Centers Program
Center for Coastal Margin Observation/Prediction 4.00 4.00 4.00 - -
Facilities
Academic Research Fleet 87.94 73.16 87.96 14.80 20.2%
Integrated Ocean Drilling Program (I0ODP) 34.71 39.26 47.74 8.48 21.6%
Other Ocean Sciences Infrastructure 14.95 14.95 15.00 0.05 0.3%

Totals may not add due to rounding.

About OCE:

Research, education, and infrastructure funded by OCE address the central role of the oceans in a
changing Earth and as a national strategic resource. OCE supports interdisciplinary research of the water
column to better understand controls on natural processes such as: CO, exchange between the oceans and
atmosphere and implications for ocean acidification; air-sea exchange of heat and consequences for major
storms and hurricanes; impact of natural and anthropogenic change on food webs and fishery stocks; and
oceans and human health. Geologic studies of the ocean margins and sub-seafloor investigate past ocean
and climate conditions; natural hazards associated with earthquakes, volcanic eruptions and tsunamis;
cycles of water and CO, in the deep Earth; and biological strategies used in the deep biosphere. Ocean
education, formal and informal, draws on the interdisciplinary nature of ocean sciences, sophisticated
visualization capabilities and the impact of the oceans on environmental change. Ocean science requires
access to the sea; OCE supports research vessels, deep submergence capability including submersibles
and autonomous vehicles, and technologically advanced sensors and instrumentation

The OCE portfolio has three highly integrative programmatic areas of support:

o Research grants include awards to individual scientists, collaborative groups, and to several large
coordinated projects involving international partners and major shared-use facilities.

o Education grants support graduate and undergraduate research experience, K-12 educational
activities, and informal education for the general public. The Centers for Ocean Science Education
Excellence (COSEE) form a major education and outreach network for OCE.

« OCE supports acquisition, operation, and maintenance of major world-class facilities required to
provide access to the oceans in order to address the highest priority science questions.
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OCE supports a diverse portfolio of research, education, and infrastructure activities. Approximately 50
percent of the annual budget of OCE is used to support individuals and small groups of researchers, with
approximately 35 percent of the total division budget being available to support new research grants.

OCE Priorities for FY 2009:

Enhancement of the existing OCE programs to maintain a strong, flexible portfolio of research and
education grants with commensurate facilities support to create new ideas and technology and attract and
train students, is a highest priority.

The Ocean Observatories Initiative (OOI) remains a high priority to provide sustained time-series
observations of dynamic and complex processes within the oceans and below the seafloor. Concept
and development activities are ongoing, with Final Design Review planned in early FY 2009.

The Integrated Ocean Drilling Program (IODP), an international partnership of scientists, research
institutions, and agencies, uses ocean drilling to explore the evolution and structure of the Earth and
its oceans as recorded in the ocean basins. The program will increase by $8.48 million in FY 2009,
the first full year in which three drilling platforms will be available, after refit of the U.S. drillship
(the SODV).

OCE will contribute to long-term priorities of the Ocean Research Priorities Plan, including the
biological and chemical consequences of ocean acidification, and multi-year interdisciplinary studies
of the Southern and Atlantic Oceans, key to quantifying the role of the ocean in climate, through
strong international partnerships. OCE also supports research in the four near term priorities:
comparative analysis of marine ecosystems; the Atlantic meridional overturning circulation and its
role in abrupt change; development of sensors for ecosystem observation; and the effects of persistent
forcing and extreme events on coastal environments.

OCE will continue its partnership with EAR and ATM to support interdisciplinary research in two
priority areas: Emerging Trends in Biogeochemical Cycles and PaleoPerspectives in Climate Change

COSEE will begin to incorporate ocean observations from seafloor HDTV and autonomous
underwater vehicles and gliders in anticipation of OOI and to foster interactions among research
institutions, formal education organizations, and informal education providers like museums to
deliver high-quality education programs that promote a deeper public understanding of the oceans,
their influence on quality of life and national prosperity, and their growing need for work-force
development.

Changes from FY 2008:

Research and education grants increase by $18.89 million, to a total of $195.20 million. OCE will
continue to support forefront areas of ocean science, with expanded emphasis on complex systems
and the temporal exploration of the oceans. Education and outreach activities will receive continued
emphasis: enhancing COSEE, expanding diversity within the research community, and integrating
research and education, including the training of young ocean scientists.

Support for research infrastructure increases $23.33 million, to a total of $150.70 million, with
increases targeted at the Academic Research Fleet to maintain the number of supported ship days and
at the Integrated Ocean Drilling Program. Additional detail for these two programs can be found in
the Facilities Chapter.

Restricted FY 2008 budget growth means that support for the new 3-platform phase of IODP grew
only by $2.56 million; the FY 09 request now includes $8.48M to bring IODP to previously planned
levels.
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MATHEMATICAL AND PHYSICAL SCIENCES

$1,402,670,000

The FY 2009 Budget Request for the Mathematical and Physical Sciences (MPS) Directorate is $1.40
billion, an increase of $235.36 million, or 20.2 percent, over the FY 2008 Estimate of $1.17 billion.

Mathematical and Physical Sciences Funding

(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual  Estimate  Request  Amount Percent
Astronomical Sciences $21539  $217.86  $250.01 $32.15 14.8%
Chemistry 191.22 194.22 244.67 50.45 26.0%
Materials Research 257.27 260.22 324.59 64.37 24.7%
Mathematical Sciences 205.74 211.79 245.70 33.91 16.0%
Physics 248.47 250.52 297.70 47.18 18.8%
Multidisciplinary Activities 32.64 32.70 40.00 7.30 22.3%
Total, MPS $1,150.73 $1,167.31 $1,402.67  $235.36 20.2%

Totals may not add due to rounding.

The Mathematical and Physical Sciences Directorate (MPS) supports a broad portfolio of investments in
fundamental research, facilities, and instruments that enable discovery and development, and through
integrated education and research activities that contribute to the development of the science and
engineering workforce. The portfolio includes MPS participation in NSF-wide and interagency research
and education, and emphasizes discovery, innovation, and learning aligned with the overall goals of the
American Competitiveness Initiative (ACI), the America COMPETES Act (ACA), and NSF’s mission

and vision.
MPS Subactivity Funding
(Dollars in Millions)

$350

$300 |

$250

$200 —¥ 2

$150 -

$100 -

e e, ° - . o * —*
$0 T T T T T
FY00 FY01 FY02 FY03 FYO4 FY05 FY06 FY07 FY08 FY09

—-+—AST =+ CHE —+DVR —+<DMS —*PHY -+ OMA

MPS -1



Mathematical and Physical Sciences

RELEVANCE

Mathematical and physical sciences play a major role in America’s overall competitiveness. MPS
scientists and mathematicians provide the basic knowledge required for advances in engineering and
health-related disciplines, and supply a broad basis for technological innovation in industry, defense,
homeland security and national security. They investigate the fundamental properties of matter,
determine the complex laws governing chemical reactivity, and develop the mathematical and statistical
tools needed to formulate and solve such problems. America’s economic strength depends on her ability
to generate and harness the latest in scientific and technological developments and to apply these
developments to real-world applications. MPS-supported research sparks the innovation crucial to
maintaining U.S. competitiveness and generating new industries, focusing on fundamental discoveries to
produce valuable and marketable technologies.

MPS-supported research also advances the frontiers of knowledge, excites the imagination, and can lead
to new basic concepts. It involves cutting-edge basic research ranging from the structure and evolution of
the universe to the fundamental particles and processes of matter; from the behavior and control of
molecules at the nanoscale to the complexity of their chemical interactions in materials and life processes;
from developing new mathematical structures and theories to transforming them into models of natural
systems that connect to computation, experimentation, and observation. It spans the spatial scales from
guarks to the cosmos and time scales from the incredibly short to the unimaginably long. It brings the
perspective and methodologies of the mathematical and physical sciences to exploring complex biological
systems, to human and social dynamics, and to sustainability of energy and the environment.

The development of new ideas and new tools in the mathematical
and physical sciences depends strongly on the support provided Federal Support of Basic Research
by the MPS Directorate. MPS provides about 44 percent of in Math and Physical Sciences at
federal funding for basic research at academic institutions in the Academic Institutions
mathematical and physical sciences (with percentages ranging
from 34 percent for physics to about 60 percent for mathematical

. ., . Federal
sciences). Much of the Nation’s progress at the cutting edge of Spending
astronomical sciences, physics, and materials research relies on 56%
MPS-supported facilities, including ground-based telescopes,
particle accelerators and colliders, and materials laboratories. In
addition, MPS collaborates with other disciplines within NSF and
partners with other agencies, the private sector, and other nations.

Other

NSF
44%

Both the ACI and ACA place high priority on enhancing the strength of the U.S. technical and
instructional workforce. MPS integrates its investments in research and infrastructure with investments
aiming to improve the quality and diversity of the U.S. science and engineering workforce and to enhance
the public’s knowledge of MPS fields by linking both formal and informal education and training
programs to forefront research activities in the U.S. and other countries.

A diverse, internationally competitive, and globally-engaged workforce of scientists, engineers, and well-
prepared citizens is required for global competitiveness. Through both direct support and its many
centers and institutes, MPS continues to make investments in all phases of education — from K-12 through
undergraduate, graduate, postgraduate, and continuing education, as well as outreach activities. In FY
2009, MPS will include a concentrated effort, the American Competitiveness Initiative Fellowships, to
link undergraduate and graduate education, postdoctoral research, and early faculty experience in areas of
particular relevance to ACI and ACA. MPS will continue to emphasize activities connecting
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undergraduate education with research, taking advantage of the larger numbers and greater diversity in
this pool. MPS will also support partnerships aimed at enhanced teacher preparation, broadened graduate
and postdoctoral opportunities, and more informed teaching and learning strategies. The MPS strategy
uses the excitement of research at the frontier to attract the next generation of scientists and engineers.

In FY 2009, Division allocations reflect the strong emphasis MPS is placing on investments and activities
that most directly tie to ACI and ACA.

Summary of Major Changes by Division (Dollars in Millions)
FY 2008 ESHIMAte, IMPS... ...t et e et e e e e e e et e e e et e e en e $1,167.31
Astronomical Sciences Division (AST) +$32.15

Increased funding for research grants and instrumentation, with emphasis on addressing
scientific priorities articulated in the National Research Council’s “Astronomy and
Astrophysics for the New Millennium”; cyberscience and cyberinfrastructure, including
implementation of a national virtual observatory in partnership with NASA and the
development of tools to handle large data sets; Gemini Observatory operations and
instrumentation and continuing ramp-up of operations for the Atacama Large Millimeter Array
(ALMA); and strategic public-private partnerships, including design for the Giant Segmented
Mirror Telescope.

Chemistry Division (CHE) +$50.45
Increased funding for establishing Centers for Chemical Innovation to address fundamental
research grand challenges in chemistry and ACI and ACA goals; create an ACI fellows
program to bridge career transitions on the way to becoming science faculty and to promote
innovation and diversity in chemistry; support the NSF-wide activity Science and Engineering
Beyond Moore's Law' as well as Quantum Information processes for future computational
paradigms and technology; promote discovery at the interface with the life sciences with
special emphasis on "intelligent” adaptive self-assembly and designed emergent properties and
functionality; investment in next generation cyber-enabled chemical imaging tools and new
collaborations that will lead to transformative approaches to theoretically model complex
molecular structures.

Division of Materials Research (DMR) +$64.37
Increased funding for fundamental research addressing nanoscience and engineering and the
NSF-wide activity Science and Engineering Beyond Moore’s Law that encompasses novel
materials and phenomena required for the future development of entirely new computational
and communications technologies; quantum information science; the interface between the
physical and life sciences including biomaterials and adaptive systems technology. Also,
increased support for the materials aspects of computational discovery and innovation;
broadening participation in materials research through research and education partnerships;
expanded support for Materials Research Science and Engineering Centers; the creation of
transformative research groups; support for ACI Fellows; maintaining support for world-class
user facilities while enabling the development of future instrumentation; and continuing strong
support for international collaborations and partnerships in materials research.

! Moore’s Law: In 1965 the co-founder of Intel, Gordon E. Moore, predicted that computing power, based on semiconductor integrated circuits,
would double every 18 to 24 months, a prediction that has had staying power for over 40 years.
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Division of Mathematical Sciences (DMS) +$33.91
In addition to strengthening research in the core disciplines, increased funding for mathematical
and statistical sciences supports activities that (1) strengthen the development of underlying
concepts and enable effective partnering with other science and engineering disciplines; (2)
promote cyber-enabled discovery and innovation through modeling, analysis, algorithms, and
simulation that provide new ways of obtaining insight into the nature of complex phenomena;
(3) confront the challenges of science and engineering beyond Moore’s Law; (4) advance our
understanding of algorithms for quantum information science; (5) explore the interface between
the mathematical and biological sciences; (6) investigate the mathematical structure of adaptive
systems technology; (7) create ACI fellows to provide more undergraduates with
interdisciplinary, discovery-based research experiences; and (8) support more early career
researchers in the mathematical sciences.

Physics (PHY) +$47.18
Increased funding to advance the frontiers of physics, with emphasis on atomic, molecular, and
optical physics, especially science beyond Moore’s Law; physics at the information frontier,
especially quantum information science, cyberinfrastructure and cyber-enabled discovery; the
physics of living systems; and the interagency Physics of the Universe activities with the
Division of Astronomical Sciences, Department of Energy, and NASA; expanded resources for
the design and development of next-generation instrumentation and facilities, especially the
Deep Underground Science and Engineering Laboratory (DUSEL); and education and outreach
activities, including broadening participation in the research community and a mid-career ACI
Fellows program. Support for operations for IceCube and the National Superconducting
Cyclotron Lab (NSCL) will be enhanced, while funding for the Cornell Electron Storage Ring
(CESR) will be reduced as part of the phase-out plan.

Office of Multidisciplinary Activities (OMA) +$7.30
Increased funding for collaborative activities aimed at initiating innovative cross-disciplinary
research and connecting fundamental ideas to innovative technologies, as well as broadening
participation in and informing the public about MPS disciplines.

Subtotal, Changes +$235.36
FY 2000 ReqUESE, IMIP S ... .o e e e e e e e e e e et et e e e $1,402.67
Summary of Major Changes in Directorate-wide Investments (Dollars in Millions)
FY 2008 EStIMate, IMPS...... ..t e e e e e e e e e $1,167.31
Discovery +$185.68

Cyber-enabled Discovery and Innovation (CDI) (+$8.65 million).
Modeling, algorithms, software, and simulation are essential research components in all MPS
disciplines, as are virtual computing networks accessing common databases and analytic tools.
Examples include the synthesis and characterization of new molecular systems; the prediction
and discovery of new materials and new states of matter; the creation, manipulation, and
control of quantum mechanical states in solid and condensed states of matter; the development
of mathematical structures to describe complex, multi-scale networks as typified by electrical
power grids and the internet; and the creation of visualization and “mining” techniques for both
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sparse and dense data. MPS will continue its collaborations with other directorates in NSF’s
high priority activities in CDI, creating synergy with related activities in Cyberinfrastructure
and enhancing the government-wide Networking and Information Technology Research and
Development effort.

Science and Engineering Beyond Moore’s Law (+7.0 million)

MPS will lead the Foundation in Science and Engineering Beyond Moore’s Law (SEBML), a
multidisciplinary research investment with strong ties to economic competitiveness and
potential for transformation. Tied to both nanotechnology and cyberinfrastructure, it builds on
past NSF investments in these areas and energizes them with new directions and challenges.
Activities in this area include research into new materials, devices, and processes that exploit
the capability to create and manipulate specific quantum states and new algorithms that exploit
hardware and architecture characteristics to deliver maximal total computing power, including
those that exploit quantum interactions. MPS will work with the other Directorates in areas
such as developing new connection architectures with new control principles, massive
parallelism, and designed asynchronicity and indeterminacy and creating new software that
allows the effective use of new devices.

Adaptive Systems Technology (+$3.49 million).

MPS will join partners across NSF in support of exploration of questions in Adaptive Systems
Technology, such as how a signal from the external world can be represented in the brain, and
mechanistic models to describe processes that involve signaling at every level from individual
molecules to cells to circuits to systems. Activities will include building models and improving
their analyses to enable the prediction of experiments and improve their theoretical
underpinnings; understanding the behavior of physical and biological systems, often far from
equilibrium, across a wide range of length and time scales; developing new instrumentation that
enables new types of exploration; and creating synthetic biological systems that can mimic
nature. Emphasis will be placed on information dynamics and networks; multi-scale
phenomena and nonequilibrium systems; design of functional systems and devices inspired by
brain sciences; and new instrumentation development for study of the brain. Activities in this
area show great promise for innovation in an information and knowledge-based society. The
research in this area will support the Administration’s emphasis on Understanding Complex
Biological Systems.

Disciplinary and Interdisciplinary Research (+$140.46 million).

MPS assigns high priority to providing strong support of individual investigators and small
groups pursuing fundamental research across all MPS disciplines. Support for the core
discovery mission (apart from the special investments immediately above) is paramount to
meeting science opportunities in MPS disciplines, to maintaining a competitive workforce in
these areas, and to enabling a vital interdisciplinary effort. Extraordinary research opportunities
exist in all of the MPS sciences, as well as opportunities to connect with ACI, Administration,
and NSF priorities. Within the context of disciplinary and interdisciplinary research, MPS
emphasis areas interact with each other, with NSF and Administration priorities, and with the
overall portfolio in synergistic fashion, reflecting commonalities in the underlying complex
physical systems. In FY 2009, MPS will continue its research in areas such as Science and
Engineering Beyond Moore’s Law, Physical Sciences at the Nanoscale, Physics of the
Universe, Mathematical Sciences, Complex Biological Systems, and Sustainability. Specific
emphases for FY 2009 include:

MPS -5



Mathematical and Physical Sciences

e MPS Life Science Interface (+$6.0 million). Lessons from the biological world inform new
directions for fundamental physical sciences discovery, solutions for important technological
problems facing society, and synergistic advances in the life sciences. MPS has already made
a strong investment in research that is at this interface of the mathematical and physical
sciences and biology. For FY 2009 MPS will strongly support the Administration’s focus on
Understanding Complex Biological Systems by increasing funding for this research,
developing a cohesive program across MPS and with the Directorate for Biological Sciences.
The potential for meeting ACI objectives is extremely high as well, as the MPS emphasis on
materials, processes, and devices creates the opportunity for fundamental research that
translates quickly into marketable technology in areas such as pharmaceuticals, medical
imaging, and various types of implants.

e Quantum Information Sciences (QIS) (+$5.0 million). The country that first achieves a
viable technology in quantum information sciences will have both a considerable competitive
and a strong national security advantage. If another nation should achieve such technology
earlier than the U.S., potential exists for significant disruption to our national security. It is
therefore important to draw the focus of the academic community into these critical areas.
Specifically, MPS will concentrate on quantum computing and quantum communication
using entangled states, novel theoretical and experimental research in the condensed matter
sciences, and advanced understanding and implementation of algorithms for quantum
information sciences.

e ACI Fellows Program (+$4.0 million). ACI and ACA call for increased training
opportunities and support for young investigators. In FY 2009, MPS will include a
concentrated effort to meet this goal, following on the small FY 2008 pilot program in this
area. Our ACI Fellows program gives each Division the flexibility to emphasize a different
part of this goal. Some of the programs will grant Fellowships intended to link undergraduate
and graduate education, postdoctoral research, and early faculty experience in areas of
particular relevance to national competitiveness.  Others will emphasize broadening
participation or increasing industrial experience at all academic levels. A crucial element of
all Fellowships will be the connection between fundamental research and innovation. The
program will also serve to encourage best practices in departmental culture.

e Human and Social Dynamics (-$500,000). The Human and Social Dynamics priority area
ends in FY 2008 with activities absorbed into other ongoing programs.

CAREER (+$5.70 million).
The CAREER program remains the primary mechanism for jump-starting junior faculty toward
independent careers in research and education, a key element of ACI. The increased funding in
FY 2009 will fund at least ten to twelve additional CAREER grants.

Centers (+$20.38 million).
MPS will continue to put emphasis on its Centers program. Centers allow researchers to pursue
the goals of the ACI through collaboration towards innovation in the MPS sciences.

e Centers for Chemical Innovation (+$12.5 million). The CCI Program was initiated as a pilot
in 2004 (under the name Chemical Bonding Centers) with several ambitious goals: to support
high risk, transformative science; to energize the chemistry research community to tackle
grand challenges; and to creatively engage the public. The name change to Centers for
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Chemical Innovation reflects the addition of innovation as a key feature of the scientific
outcomes expected from these centers. The CCI Program awards funds in two phases: Phase
I is a three-year grant to explore potentially transformative ideas and initiate partnerships, and
Phase Il is a five-year grant awarded to extremely promising Centers following competition
at the end of their Phase | award. The increase in FY 2009 will allow MPS to start three new
Phase | Centers in FY 2009 as well as initiate and expand funding for Centers successful in
the FY 2008 Phase 11 competition.

Materials Research Science and Engineering Centers (+$8.0 million). MRSECs address
fundamental problems in materials and condensed matter science of scope and complexity
requiring the advantages of scale and interdisciplinary interactions. These centers focus on
interdisciplinary research at the interface between materials and biology, computational
materials, quantum information science, and nanoscale materials. As underscored by a recent
study of MRSECs by the National Academy of Sciences (NAS), the MRSECs support cutting
edge, transformative science and engineering of the highest quality, emphasize workforce
development through the integration of research, education, and diversity, and stimulate
economic activity through active collaborations with industry, national laboratories, and
international partners. Based on recommendations by the NAS study, plans are to increase
the average center award size, to enhance the support for infrastructure, and to enhance the
effectiveness of the national network of MRSECs. The increased funding will allow the full
support of 2 - 3 new centers that were initiated with partial start up support as a result of the
2008 MRSEC competition. Emphasis for the new centers will be to continue the MRSEC
trademark of high risk, transformative research. In addition, these funds will allow continued
support for the newly established MRSEC based instrumentation and facility network. The
network will allow cyber-enabled connections and service to non-MRSECs, including smaller
institutions.

Nanoscale Science and Engineering Centers (+1.0 million). NSECs support synergistic
science and engineering research and education in emerging areas of nanoscale science and
technology. This cross-Foundation program addresses a broad spectrum of research topics.
NSF currently supports 17 NSECs. DMR co-funds 12 NSECs and has lead responsibility for
three. Increased funding will allow additional co-funding for the new NSEC on the
Environmental Implications of Nanotechnology (CEIN) and supplementary support for other
NSECs at the interface between the physical and biological sciences.

Center for Research at the Interface of the Mathematical and Biological Sciences
(+%$200,000). In collaboration with the Directorate for Biological Sciences, which will
provide the majority of support at $1.80 million in FY 2009, MPS will contribute to this
center to stimulate research and education at the interface of the mathematical and biological
sciences.

Science and Technology Centers (-$1.32 million). In FY 2009, MPS will phase out funding
for its sunsetting STCs. This reduction will affect both the Center for Adaptive Optics in the
Division of Astronomical Sciences and the Center for Environmentally Benign Processing in
the Division of Chemistry.
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Learning +$4.39

Creating a strong environment for learning is a centerpiece of the ACI investment. MPS will
continue its focus on existing programs that reach different career levels, from undergraduates
through early faculty positions. Discovery-based experiences for undergraduates will continue
to be a major priority for MPS. Emphases include broadening participation through increased
funding for awards that promote inclusion of women and underrepresented minorities either as
principal investigators, students, or postdocs. Specific emphases for FY 2009 include:

e Research Experience for Undergraduates (REU) (+$1.41 million). Expansion of REU
programs will focus on international research experiences to help develop a workforce that is
both globally aware and competitive. A portion of the additional funding requested in FY
2009 will go directly for international REU sites in chemistry.

o Mathematical Science Post-Doctoral Research Fellowships (MSPRF) (+%$1.0 million). The
MSPRF program supports future leaders in the mathematical sciences by providing them with
flexibility in the choice of and enabling them to participate in research environments that will
have a maximal impact on their future scientific development. The increase in FY 2009
will be primarily used to raise the stipends for these postdoctoral fellowships to a more
competitive level.

o Undergraduate Research Collaboratives (+$840,000). Underrepresented minorities often
leave science before being impacted by the traditional undergraduate research opportunities
(including REU programs) that tend to focus on students who have already committed to
STEM majors.  Undergraduate research at the earliest stages encourages expanded
participation by these minorities. Additional models of support are needed that will engage
large numbers of first and second year students at both two and four year colleges and that
will eventually reach down to middle and high school teachers and students. This program is
being piloted by the Division of Chemistry (CHE). Increases in FY 2009 will provide
ongoing support for FY 2008 awards as well as new awards in FY 2009.

e Other (+$1.14 million). Increases totaling $1.14 million support the Research Experiences
for Teachers program, Chemistry’s Discovery Corps Fellowships, the Astronomy and
Astrophysics Postdoctoral Fellowships, and Integrative Graduate Education and Research
Traineeship (IGERT). MPS will provide a total of $8.88 million in FY 2009 for IGERT.

Research Infrastructure +$41.01

Investment in 'tools of science' — facilities and instruments that enable discovery and
development — supports not only the science of the MPS disciplines, but also the explicit goals
of ACI. MPS will increase support for new and emerging facilities and for instrumentation
development, including design and development of future facilities, cyberinfrastructure, and
mid-scale projects while downscaling facilities deemed to be of lower priority.

Division of Astronomical Sciences (+$13.25 million).
The increase in the research infrastructure investment for the Division of Astronomical
Sciences (AST) is in line with the recommendations of the AST Senior Review.
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e Gemini (+2.0 million). Increased funding will allow further development of next generation
instrumentation, including construction of the Gemini Planet Imager, a camera designed to
directly detect planets around nearby stars, and design studies for a wide field optical
spectrometer that will collect data from thousands of objects simultaneously.

¢ National Astronomy and lonosphere Center (NAIC) (-$850,000). Following the
recommendation of the Senior Review, funding decreases to achieve a lower base operational
level by FY 2010, by emphasizing survey work, modifying the operating mode, and limiting
the observing time for astronomical observations.

o National Optical Astronomy Observatory (NOAO) and National Solar Observatory (NSO)
(+%$3.28 million). This increase, keeping pace with inflation, will support the second year of
the facilities” response to Senior Review recommendations, which included modest
reinvestment in infrastructure and reductions in lower priority programs. Emphasis continues
at NOAO on public-private partnerships and development of the national system of
astronomical resources through support of the Telescope System Instrumentation Program
and other community programs.

o National Radio Astronomy Observatory (NRAO) and the Atacama Large Millimeter Array
(ALMA) (+%$8.82 million). Funding for the Atacama Large Millimeter Array continues to
ramp up to enable operations and maintenance of a growing array of antennas and preparation
for early science support.

Division of Materials Research (+$12.0 million).
e National High Magnetic Field Laboratory (NHMFL) (+$5.0 million). Increased funding will
strengthen user support programs and in-house research, education, and training at all levels,
including broadening participation, and to meet increased electricity costs.

e Other MPS Facilities (+7.0 million). The requested funds will support the technical research
and development necessary for the next generation of light source facilities.

Division of Physics (-$3.56 million).

e Cornell Electron Storage Ring (CESR) (-$5.21 million). The reduction is targeted toward the
close-out of the particle physics program based upon the CESR accelerator. Physicists at
Cornell, building upon their technical and analytical expertise, are ramping up their
participation in the research programs at the CERN Large Hadron Collider (LHC).

e IceCube (+$650,000). MPS shares maintenance and operations for IceCube with the Office
of Polar Programs. Operations funding is ramping up toward the steady state as initial
research activities are underway.

e Laser Interferometer Gravitational Wave Observatory (LIGO) (-$1.0 million). LIGO
concluded its mission-defining scientific run (S5), in which a year's data was taken with all
three interferometers operating in coincidence, in October 2007. LIGOQO's operations and
maintenance projections and requests for FYs 2008 through 2012 are smaller than the
spending for FY 2007, since some employees and resources will be diverted to the Advanced
LIGO MREFC project, appropriated as a new start in the FY 2008 omnibus legislation.
LIGO operations will, however, continue to analyze data taken during the current and earlier
runs and will plan for and conduct future runs until the scheduled shutdown of the detectors
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in FYs 2010-2011. Science runs planned to begin in 2009 will test technologies that will
become part of Advanced LIGO; the detector sensitivity will be at least twice that during the
current S5 run.

e National Superconducting Cyclotron Laboratory (NSCL, MSU Cyclotron) (+$2.0 million).
FY 2009 support will enable near-optimal operations and research at this unique radioactive
ion beam facility; this funding level is consistent with recommendations from an external
2006 science and operations review committee.

Division of Mathematical Sciences (-$670,000).
o National Center for Atmospheric Research (NCAR) (-$670,000). This decrease is due to the
expiration of earlier commitments to this Federal Funded Research and Development Center.

MPS-wide (+$19.99 million)

e Research Resources (+$19.99 million). MPS will make a focused investment across the
directorate in FY 2009 for Research Resources, especially for mid-scale instrumentation
($7.35 million). Included in the increase for Research Resources is a one-time special
allocation of $2.0 million to the Division of Astronomical Sciences for their implementation
of Senior Review’s recommendations, such as reinvestment in optical and infrared
instrumentation for NOAO, and $2.3 million for a general boost to the core AST
instrumentation program. An additional $2.34 million is requested for CHE for new
investments in cyber-enabled chemistry, multi-user facilities, and instrument development for
chemical imaging. DMR will use $4.0 million to support Instrumentation for Materials
Research and an additional $500,000 will be used to conduct research underpinning the
development of future user facilities.

Stewardship +$4.28

A number of activities are funded directly from NSF’s programs to advance NSF’s Stewardship
goal. These include Intergovernmental Personnel Act appointments, NSF-wide studies and
evaluations, and mission-related information technology investments. As is discussed further
in the Stewardship chapter of this Request, in FY 2009 NSF has realigned IT investments to tie
mission-related activities more directly to NSF’s programs.

Subtotal, Changes +$235.36
FY 2009 ReqUEST, IMIP S ... it e e e e et e e e e e e e e e e $1,402.67

MPS Centers Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate  Request  Amount Percent
Centers for Analysis and Synthesis - - $0.20 $0.20 N/A
Centers for Chemical Innovation 3.00 7.50 20.00 12.50 166.7%

Materials Centers 55.97 54.73 62.73 8.00 14.6%
Nanoscale Science and Engineering Centers 12.48 12.96 13.96 1.00 7.7%
Science and Technology Centers 20.02 18.60 17.28 -1.32 -71.1%
Total, MPS $91.47 $93.79  $114.17 $20.38 21.7%

Totals may not add due to rounding.
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MPS Facilities Funding
(Dollars in Millions)

Change over

FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Facilities Actual  Estimate  Request  Amount Percent
Cornell Electron Storage Ring (CESR) $14.71 $13.71 $8.50 -$5.21 -38.0%
GEMINI Observatory 20.00 20.00 22.00 2.00 10.0%
IceCube 0.25 1.50 2.15 0.65 43.3%
Large Hadron Collider (LHC) 18.00 18.00 18.00 - -
Laser Interferometer Gravit. Wave Obs. (LIGO) 33.00 29.50 28.50 -1.00 -3.4%
NSCL (MSU Cyclotron) 18.50 18.50 20.50 2.00 10.8%
Nanofabrication (NNUN/NNIN) 2.86 2.80 2.80 - -
Nat'l High Magnetic Field Laboratory (NHMFL) 26.55 26.50 31.50 5.00 18.9%
Nat'l Astronomy and lonosphere Center (NAIC) 10.46 10.45 9.60 -0.85 -8.1%
Nat'l Center for Atmospheric Research (NCAR) - 1.12 0.45 -0.67 -59.8%
Nat'l Optical Astronomy Observatories (NOAO) * 39.28 38.55 41.83 3.28 8.5%
Nat'l Radio Astronomy Observatory (NRAO) 47.04 44.52 49.79 5.27 11.8%
Atacama Large Millimeter Array (ALMA) 3.70 8.22 11.77 3.55 43.2%
Other MPS Facilities 12.57 12.47 19.47 7.00 56.1%
Total, MPS $246.92  $245.84  $266.86 $21.02 8.6%

Totals may not add due to rounding.

The NOAO total for FY 2009 includes funding for the Telescope System Instrumentation Program at $5.0 million, level with the FY 2008

Request.

NSF-WIDE INVESTMENTS

In FY 2009, the Directorate for Mathematical and Physical Sciences will support research and education
efforts related to broad, Foundation-wide investments in a number of areas including the Administration’s

interagency R&D priorities.

MPS NSF-wide Investments

(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate  Request Amount  Percent
Adaptive Systems Technology - $3.49 $3.49 N/A
Biocomplexity in the Environment 1.00 - - - N/A
Climate Change Science Program 6.81 5.45 6.00 0.55 10.1%
Cyber-enabled Discovery and Innovation 8.78 10.40 19.05 8.65 83.2%
Cyberinfrastructure 61.21 64.56 71.06 6.50 10.1%
Human and Social Dynamics 0.50 0.50 - -0.50  -100.0%
Mathematical Sciences 67.56 - - - N/A
National Nanotechnology Initiative 169.48 169.48 178.07 8.59 5.1%
Networking and Information Technology R&D 73.70 70.89 73.72 2.83 4.0%
Science and Engineering Beyond Moore's Law - 3.00 10.00 7.00 233.3%
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Adaptive Systems Technology (AST): MPS emphasis in Adaptive Systems Technology will be placed
on information dynamics and networks; multi-scale phenomena and nonequilibrium systems; design of
functional systems and devices inspired by brain sciences; and development of new instrumentation for
study of the brain. MPS divisions will contribute the general principles of the neural organization and
communications pathways and explain how the system computes.

Biocomplexity in the Environment, Human and Social Dynamics, and Mathematical Sciences: With
the conclusion of these priority areas in FY 2007 or FY 2008 (as noted in the table above), key
components of these investments will be retained for core programs.

Climate Change Science Program (CCSP): Within MPS, investment in this area is led by the Division
of Chemistry through the U.S. Global Change Research Program. The focus is on sustainability, including
green chemistry, water chemistry, and energy. A small increase of $550,000 is planned for FY 20009.

Cyber-enabled Discovery and Innovation (CDI): MPS will increase its focus on CDI research by
investing $19.05 million in FY 2009, an increase of $8.65 million over the FY 2008 Estimate. MPS
divisions will support research on the synthesis and characterization of new molecular systems; the
prediction and discovery of new materials and new states of matter; the creation, manipulation, and
control of quantum mechanical states in solid and condensed states of matter; the development of
mathematical structures to describe complex, multi-scale networks as typified by electrical power grids
and the Internet; and the creation of visualization techniques for both sparse and dense data. MPS will
continue its collaborations with other directorates in NSF’s high priority activities in the CDI investment
as well as increase funding within the MPS divisions.

Cyberinfrastructure (CI): NSF’s CI activities are related to NITRD investments. All MPS divisions
emphasize ways in which cyberinfrastructure — high-end computing, networking, and data collection and
management — can enable the science they conduct. The developing capabilities create new opportunities
for collaboration in science. Modeling, simulation, and visualization are increasingly important tools for
MPS fields, particularly for work that crosses scales of time and space. A total of $71.06 million, $6.50
million over the FY 2008 Estimate, will support investments such as the NSF program in Petascale
Simulations and Analysis (PetaApps) for improving hardware, software, and data management
capabilities that enable researchers to ask new kinds of questions, which, in turn, stimulate the need for
new, more powerful capabilities in cyberinfrastructure. In addition, MPS divisions contribute to research
for the next generation of cyberinfrastructure through the development of software and algorithms and
through research on next-generation materials for computation and computing.

National Nanotechnology Initiative (NNI): MPS plays an important role, both within NSF and in the
interagency working environment in NNI, investing a total of $178.07 million at FY 2009 Request, an
increase of $8.59 million over the FY 2008 Estimate. Key areas include fundamental nanoscale
phenomena and processes and nanomaterials, with significant investments in instrumentation research,
major research facilities, societal dimensions, and education. MPS will also increase its funding for the
Environmental, Health, and Safety sub-component area by $2.72 million in FY 2009, consistent with the
NSF and Administration focus on this important research. Many of the activities are carried out through
interdisciplinary research teams. The Division of Materials Research is the lead division, with significant
participation from the Divisions of Chemistry, Physics, and Mathematical Sciences.

Networking and Information Technology Research and Development (NITRD): All MPS divisions
participate in funding for the NITRD program. The investment continues to focus in high-end computing
infrastructure and applications, with contributions in high-end computing R&D as well as human-
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computer interaction and information management. Computing in high energy physics and the
development of a national virtual astronomical observatory are high-profile examples of MPS
investments. In FY 2009, MPS will invest $73.72 million, or $2.83 million over the FY 2008 Estimate.

Science and Engineering Beyond Moore’s Law (SEBML): MPS is the lead directorate for Science and
Engineering Beyond Moore’s Law, partnering with CISE and ENG to promote research into next
generation computing power. SEBML research will focus on developing new materials, devices, and
processes; new connection architectures; new algorithms; and new software. MPS will invest $10.0
million in FY 2009 for SEBML, an increase of $7.0 million over the FY 2008 Estimate.

QUALITY

MPS maximizes the quality of the R&D it supports through the use of a competitive, merit-based review
process. The percent of research funds allocated to projects that undergo external merit review was 89
percent in FY 2007, the last year for which complete data exist.

To ensure the highest quality in processing and recommending proposals for awards, MPS convenes
Committees of Visitors (COVs), composed of qualified external evaluators, to review each program every
three years. These experts assess the integrity and efficiency of the processes for proposal review and
provide a retrospective assessment of the quality of results of NSF’s investments. MPS will convene
COVs in FY 2008 for the Division of Mathematical Sciences, the Division of Astronomy, and the Office
of Multidisciplinary Activities; a COV for the Division of Physics is scheduled for FY 2009.

MPS also receives advice from the Mathematical and Physical Sciences Advisory Committee (MPSAC)
on such issues as: mission, programs, and goals that can best serve the scientific community; how MPS
can promote quality graduate and undergraduate education in the mathematical and physical sciences; and
priority investments in MPS-supported research. The MPSAC meets twice a year. Members represent a
cross-section of the mathematical and physical sciences with representatives from many different sub-
disciplines within the field and include members from institutions and industry. The committee includes
a balanced representation of women, underrepresented minority groups, and geographic regions. MPS
also participates in three advisory committees that advise multiple agencies: the High Energy Physics
Advisory Panel (with DOE), the Nuclear Science Advisory Committee (with DOE), and the Astronomy
and Astrophysics Advisory Committee (with DOE and NASA). Standing committees and studies of the
National Research Council provide another mechanism for obtaining advice.

PERFORMANCE

The FY 2009 Budget Request is aligned to reflect funding levels associated with the Foundation's four
strategic outcome goals stated in the FY 2006-2011 Strategic Plan. These goals provide an overarching
framework for progress in fundamental research and education and facilitate budget and performance
integration.
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Mathermatical and Physical Sciences
By Strategic Outcome Goal
(Dollars in Millions)

Change over
FY2007 FY2008 FY2009 FY 2008 Estimate

Actual  Estimate  Reguest ~ Amount  Percent

Discovery $77746  $799.23  $984.91  $185.68 23.2%
Learning 7142 63.68 68.07 4.39 6.9%
Research Infrastructure 291.55 293.05 334.06 41.01 14.0%
Stewardship 10.30 11.35 15.63 4.28 37.7%
Total, MPS $1,150.73 $1,167.31 $1,40267 $235.36 20.2%

Totals may not add due to rounding.

Recent Research Highlights

» New Tricks with Light: Researchers at Harvard University have stopped a light pulse in one location
and made it reappear in another location a little while later. The researchers stopped a kilometer-long
light pulse in a small ball of gas with a diameter about the width of a human hair called a Bose-Einstein
condensate. An identical kilometer-long light pulse was subsequently
made to appear from a second distinct Bose-Einstein condensate. The
information about the shape and color of the light pulse was encoded into
the quantum mechanical behavior of the atoms and pushed between the
two condensates as a traveling matter wave moving at less than one mile
per hour. This achievement demonstrates a possible intermediate step in
guantum information processing. (PHY)

In a recent experiment at Harvard, light was absorbed and stored in one gas cloud, transferred to
another gas cloud by transmission of a matter wave, and then recreated from the second gas
cloud. Credit: Jay Penni Photography.

» A Mathematical Solution for Another Dimension: Ever since 1887, when Norwegian
mathematician Sophus Lie discovered the mathematical group called E8, researchers have been trying to
understand the extraordinarily complex object
described by a numerical matrix of more than 400,000
rows and columns. Now, with support from NSF and
the  American Institute of Mathematics, an
international team of experts consisting of about 20
researchers from the United States and Europe
(including the University of Maryland, Cornell
University, University of Michigan, University of
Utah, Massachusetts Institute of Technology,
University of Poitiers and University of Lyon in
France) using powerful computers and programming
techniques has mapped E8 — a feat numerically akin to
the mapping of the human genome — allowing for  The Es root system consists of 240 vectors in an 8-
breakthroughs in a wide range of pr0b|ems in dimension_al space. Credit: American Institute of
geometry, number theory, and the physics of string ~ ahematics

theory. (DMS)
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» Nanosurgery in a Live Cell Using Laser Pulses:
Researchers at the NSF-supported Materials Research
Science and Engineering Center at Harvard University
performed 'nanosurgery’ on a living cell using a pulsed laser
to snip a single actin filament. Actin filaments are fibrous
strands within a cell that give it structure. When a single
filament is cut, it retracts like a broken violin string if the
filaments are under tension and being pulled apart.
Nanosurgery in a live cell using laser pulses provides critical
insight into the behavior of the cytoskeletal network that, in
turn, plays a key role in determining the mechanical

Time series of images taken with an optical  properties of the cell. (DMR)

microscope showing ends of the cut actin filament
pulling apart. Credit: David Weitz.

» First Image of a Star Like Our Sun: Using a suite of
four telescopes, an international team of astronomers from
St. Andrews University, Cambridge University, Georgia
State University, California Institute of Technology,
Cornell University, the Laboratoire d'Astrophysique de
Grenoble in France, the Michelson Science Center, and the
National ~ Science  Foundation's National  Optical
Astronomy Observatory have captured an image of Altair,
one of the closest stars to our own and a fixture in the
summer sky. This is the first time anyone has seen the
surface of a relatively tiny hydrogen-burning star like our
own sun. The astronomers captured the image using four
of the six telescopes at a facility on Mt. Wilson, California,
that is supported in part by NSF. The galaxy is shaped by
the effects of relatively rare but powerful, hot, rapidly

An artist's rendition of Altair, a star that spins so quickly
it stretches at its equator. Credit: Zina Deretsky, NSF.

rotating stars. These stars have more in common with Altair than our own sun; understanding Altair will
allow us to better understand how these influential stars scattered throughout the galaxy operate. (AST)

» The Invisibility Cloak: Making an object invisible with a cloaking device is commonly regarded as
science fiction. Mathematical analysis by NSF-funded researchers at the University of Utah and the
University of Technology in Sydney, Australia, however, recently revealed that certain objects are
essentially invisible when placed sufficiently close to a superlens. A superlens is a thin transparent film

with a negative refractive index

that has the ability to resolve VL 717 1]

scales finer than the wavelength
of the incident light. Cloaking 2]
occurs when some of the scattered |

light incident on the object gets .
trapped at the front surface of the -
superlens, builds up in intensity
via a phenomenon known as
anomalous local resonance, and
almost  exactly cancels the
incident light. It’s as if the object
isn't there. (DMYS)

-4 i|

Graeme Milton.

Cloaking action of the cylindrical lens. The figure on the right shows the object in the
form of a black dot situated away from the cylindrical lens and significantly disturbing
the incident field. The figure on the left shows the object located close to the lens, with
the lens and the object essentially invisible to the incident field. Credit: Professor
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» The Hidden Depths of [
Pictures:  Steganalysis is the
search for hidden messages and is
essential because criminals and
terrorists may use hidden
messages to communicate.
Steganography is the process of
hiding communications in
otherwise innocuous objects, such

as dlgltal |_mage§. An NSF- One of these pictures contains a hidden map of downtown Washington. Can you tell
supported mvestlgator at the which one? Newly created analysis software does so with ease. Credit: Charles

University of Delaware has  Boncelet, University of Delaware.

invented a new method of

steganalysis for image-based steganography. The researcher invented a high-performance lossless image
compression method that is used to model images and to detect anomalies typical of hidden messages. A
test on 1,200 images using two different steganography techniques demonstrated the power of the new
method. For the most common technique, steganalysis reached 97 percent accuracy even when only 20
percent of the pixels contained hidden data. For a more concealed embedding, the method was still more
than 91 percent correct with 30 percent steganography. (AST)

» Finding Efficient Catalysts for Generating Hydrogen
as an Alternative Fuel: A major challenge in using
hydrogen as an alternative fuel is the development of a
cheap, efficient, readily available catalyst for chemically
combining two electrons and two protons to form molecular
hydrogen. Catalysts are substances that are added to
chemical reactions to lower the amount of energy needed to
make the reaction start and carry on spontaneously.
Catalysts for hydrogen production typically lower this
energy barrier more than is actually required for the reaction
to occur. This over-potential, as it is called, wastes energy
and diminishes the value of the catalysts. An NSF-
supported team at the University of Arizona has synthesized
a new class of compounds that can catalytically produce
hydrogen from acetic acid (a component of vinegar) with
very small over-potentials. The research can lead to more
i efficient hydrogen production and to new technologies
The rate of hydrogen production by these new . .
catalysts is fast. As soon as the acetic acid diffuses to needed for sustainable energy supplles. (CHE)

the electrode surface the catalyst converts it to
hydrogen and bubbles can be seen at the electrode.
Credit: Suzy Hunter, Greg A.N. Felton, Richard S.
Glass, Dennis H. Evans, and Dennis L. Lichtenberger.

Catalysis of Hydrogen Productigp

| Molecular hydrogen production |
= by catalyst at electrode surface.
- ]
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» Determining the Highest Energies in the Universe: In
western Argentina, on the vast plain known as the Pampa
Amarilla, or yellow prairie, a new window on the universe is
taking shape. The international Pierre Auger Cosmic Ray
Observatory looks at the universe's highest energy particles
which shower down on Earth in the form of cosmic rays.
While the origin of cosmic rays of low-to-moderate energies
is believed to originate in supernova explosions within our
galaxy, recent observations made by the Auger Observatory
indicate that extremely high-energy cosmic rays may have
come from galaxies within a radius of a few hundred million
light years from our galaxy. The galaxies from which these
high-energy cosmic rays are believed to originate show
much higher than normal activity at their centers and, when

. . . L. . . The Los Leones Fluorescence Detector together with
viewed at radio and x-ray frequencies, exhibit pairs of jets of s closest Surface Detector tank. Credit: Pierre

highly energetic material. By detecting and studying these  Auger Observatory.
rare very high energy particles, the Auger Observatory is
tackling the enigmas of their origin and existence. (PHY)

»  Magnetic Brain Imaging: A modern technique for functional brain imaging, called
magnetoencephalography, relies on detecting magnetic fields generated by the brain. Superconducting
magnetometers that operate in liquid helium have remained the only detectors with sufficient sensitivity
for magnetoencephalography for more than 30 years. A new optical method devised by NSF-funded
researchers at Princeton University does not require the complications of cooling with liquid helium and
allows the use of much smaller magnetic shields. The technology has the potential to be simpler, less
expensive, and more comfortable for the subject. Optical magnetic field mapping also allows much
greater flexibility in detector placement compared with cryogenic sensors while using common elements
for most components of the system. (PHY)

E ] = s

L) ot e L c
€ wf il (St | §= -
¥ ] s —
5_ ubﬂfd*"'- 11\}:.,1.4;\-“*&1"“\‘ §F.
1, /
i ﬂ""“’"‘:'. — & It‘;w
e :j‘:i"‘-'_' ¥ b 'a;:":% 18 T T -
; 50 B E_“- - —— %___ "“'Wlh|ﬂ.—||
E%u }_ B '_l: T ae ;
¥s v
55 ;
#0 [ Batitory
e R [T se
Tievas i

Magnetic fields recorded with a light detector array (Figure A) and resulting
magnetic field gradient (Figure B) due to audible clicks administered with
an earphone. The detector shows a response 100 milliseconds after the
stimulus, as has been observed with liquid helium cooled sensors. Figure C
shows the ability of the new detector to resolve a spatial profile of magnetic
fields and Fig. D shows a picture of the apparatus with open magnetic shield
door. Credit: Michael Romalis, Princeton.

MPS - 17



Mathematical and Physical Sciences

» Single Molecule Transistors: By wiring a single  ~:_ .« _Gate
molecule to electrodes, researchers at Arizona State ggﬁ:gn[:;:g: ?r;c:sistor > X
directly measure electron transport through the

molecule. They can also control the transport by Single Molecule Transistor source Drain
switching the molecule between two forms that are Device l FET

called oxidized and reduced states. These results are
among the most compelling in this competitive field
and offer an unprecedented opportunity to understand
how charges transfer through molecules - a
phenomenon that plays vital roles in many chemical
and biological processes. It is also a basic requirement
toward the goal of building an electronic device using
single molecules. (CHE)

b ot o

gain electrons to

Single molecule transistor system under development at Arizona State ‘_"'“ et
University. The top of the figure shows the schematic concept. Credit: -
Nongjian Tao, Arizona State University.

Other Performance Indicators

Number of People Involved in MPS Activities
FY 2007 FY 2008 FY 2009
Estimate Estimate  Estimate

Senior Researchers 8,212 8,325 9,900
Other Professionals 2,000 2,025 2,400
Postdoctorates 2,171 2,200 2,600
Graduate Students 7,720 7,800 9,300
Undergraduate Students 6,091 6,150 7,300
K-12 Students 615 625 750
K-12 Teachers 478 485 550
Total Number of People 27,287 27,610 32,800

MPS Funding Profile

FY 2007  FY 2008 FY 2009
Estimate Estimate Estimate

Statistics for Competitive Awards:

Number 2,361 2,400 2,850
Funding Rate 32% 32 32
Statistics for Research Grants: 0.00
Number of Research Grants 1,848 1,875 2,200
Funding Rate 30% 30 30
Median Annualized Award Size $105,912  $107,000 $107,000
Average Annualized Award Size $130,459  $145,000  $145,000
Average Award Duration, in years 3.0 3.1 3.1
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ASTRONOMICAL SCIENCES $250,010,000

The FY 2009 Request for the Astronomical Sciences Division (AST) is $250.01 million, an increase of
$32.15 million, or 14.8 percent, over the FY 2008 Estimate of $217.86 million.

Astronomical Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate Request Amount  Percent
Astronomical Sciences $215.39 $217.86 $250.01  $32.15 14.8%
Major Components:
Research and Education Grants 90.91 92.80 112.36 19.56 21.1%
Centers Programs 4.00 3.32 2.66 -0.66  -19.9%
Facilities 120.48  121.74  134.99 13.25 10.9%
Gemini Observatory 20.00 20.00 22.00 2.00 10.0%
National Astronomy and lonosphere Center (NAIC) 10.46 10.45 9.60 -0.85 -8.1%
National Optical Astronomy Observatory (NOAO) * 39.28 38.55 41.83 3.28 8.5%
National Radio Astronomy Observatory (NRAO) 47.04 44.52 49.79 5.27 11.8%
Atacama large Milimeter Array (ALMA) 3.70 8.22 11.77 3.55 43.2%

Totals may not add due to rounding.
* Includes the National Solar Observatory and the Telescope System Instrumentation Program.

About AST:

AST is the federal steward for ground-based astronomy in the U.S. Research support covers a broad array
of observational, theoretical, and laboratory research aimed at understanding the origins and
characteristics of planets, the Sun, other stars, our galaxy, extragalactic objects, and the structure and
origin of the Universe. Individual investigator awards and fellowship programs for young faculty,
postdoctoral researchers, graduate students, and undergraduate students encourage researchers engaged in
education and outreach and increase the participation of underrepresented minorities in science. AST
provides the U.S. share of funding for the operation of the international Gemini Observatory and supports
the operation of the National Astronomy facilities: NAIC; NOAO including the National Solar
Observatory (NSO); and NRAO, including the U.S. share of the ALMA project. AST supports the
development of advanced technologies and instrumentation and management of the electromagnetic
spectrum for scientific use. In its quest to bring more powerful technology and a well-trained workforce
to bear on the exploration of the universe, AST makes significant contributions to ACI.

The AST portfolio has two major modes of support: research and education grants and facilities.

o AST research and education grants range from awards to individual investigators to large collaborations
carrying out extensive surveys or developing instrumentation.

o AST also supports major world-class facilities that provide access to a wide range of observational
resources on a competitive basis.

Approximately 20 percent of the AST portfolio will be available for new research grants in FY 2009. The
remainder of the funds will support continuing commitments on research grants from prior years,
facilities (54 percent of the total), instrumentation, education and outreach, and centers. In FY 2007, AST
received 670 research proposals and made 172 competitive awards for a success rate of 26 percent.
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AST Priorities for FY 2009:

Research Grants are AST’s highest priority in managing its portfolio. Emphasis will be on addressing
scientific priorities articulated in the National Research Council's report "Astronomy and Astrophysics for
the New Millennium™ and the National Science and Technology Council report for the interagency
“Physics of the Universe” activity, supporting work in cyberinfrastructure/ Cyber-Enabled Discovery and
Innovation, including a national virtual observatory in partnership with NASA.

Activities related to ACI and ACA focus on using the strong connection to technology and
instrumentation in the astronomical sciences to engage students and to promote workforce and career
development. FY 2009 will see an increased emphasis in intermediate-scale instrumentation and
development of university-based programs in instrumentation for students and faculty in collaboration
with industry and national facilities (deferred in FY 2008 for lack of funds).

Public-Private Partnerships are a keystone of the division’s strategy. In FY 2009, there will be
continued investments in the Telescope System Instrumentation Program (TSIP) and Giant
Segmented Mirror Telescope (GSMT) technology development, examples of such partnerships.

Gemini Observatory and ALMA operations and instrumentation are AST’s highest priority in new
research infrastructure. Ensuring optimum performance and future instrumentation of our premier and
newest facilities enables forefront research by the community and their students in these international
partnerships. Reallocation of funds within the facilities portfolio follows recommendations of the AST
Senior Review, and optimizes the investment of scarce resources in highest priority capabilities.

Changes from FY 2008:

Research and education grants increase by $19.56 million to $112.36 million total. AST will continue
to support a wide range of astrophysical investigations from the search for extra-solar planets to the origin
of the universe. Development of tools for handling large data sets and implementation of the Virtual
Astronomical Observatory in partnership with NASA are emphases in AST’s approach to
cyberinfrastructure/cyberscience. Education and outreach activities will receive continued emphasis.
AST will continue support for technology development for the Large-Aperture Synoptic Survey
Telescope (LSST).

Support for the Science and Technology Center for Adaptive Optics totals $2.66 million, a decrease of
$660,000 over the FY 2008 Estimate. This lower funding level is planned as the STC sunsets.

Facilities increase by $13.25 million to $134.99 million total. Base operations funding for all facilities
continue implementation of the recommendations of the AST Senior Review. See the Facilities chapter
for details. Changes include:

e An increase of $2.0 million for Gemini Observatory will enable enhanced operational and visitor
support and the funding of a new generation of advanced instrumentation.

¢ A decrease of $850,000 for NAIC reflects the recommendation of the Senior Review.

e An increase of $2.28 million for NOAO/NSO will enable infrastructure improvements, deferred in FY
2008, while design funding for the Advanced Technology Solar Telescope moves to the MREFC
account. TSIP, administered through NOAO, increases by $1.0 million to $5.0 million, an increase
originally planned for FY 2008. NRAO/ALMA funding totals $61.56 million, an increase of $8.82
million over FY 2008 Estimate, continuing the ramp up of ALMA operations.
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CHEMISTRY $244,670,000

The FY 2009 Request for the Division of Chemistry (CHE) is $244.67 million, an increase of $50.45
million, or 26.0 percent, over the FY 2008 Estimate of $194.22 million.

Chemistry Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Chemistry $191.22 $194.22 $244.67 $50.45 26.0%
Major Components:
Research and Education Grants 167.51 165.61 201.88 36.27 21.9%
Centers Programs 9.60 13.42 25.26 11.84 88.2%
Instrumentation/Facilities 14.11 15.19 17.53 2.34 15.4%
Totals may not add due to rounding.
About CHE:

Chemistry is a bold and creative science that finds efficient ways to prepare Nature’s compounds and to
make new ones that have never existed before. Investment in basic molecular sciences is a major
contributor to the $637 billion U.S. chemical industry. Approximately one third of the industrial output
of the U.S. derives from the chemical industry, which in turn requires more than 2,000 PhD graduates per
year to operate efficiently. The Chemistry Division plays a crucial role in the vitality of the basic
research enterprise, especially in academic laboratories, and needs increased resources to sustain, expand
and improve the community’s ability to perform transformative and translational research in chemistry.

Approximately 50 percent of the CHE portfolio will be available for new research grants in FY 2009.
The remainder will fund previous continuing commitments on grants, as well as grants for
instrumentation and education. In FY 2007, CHE received 1,248 research proposals and made 341
competitive awards for a success rate of 27 percent.

CHE priorities for FY 2009:

The Centers for Chemical Innovation (CCI) program represents a new mode of support for transformative
basic chemical research on “grand challenges.” The CCI Program was initiated as a pilot in 2004 (as
Chemical Bonding Centers) with several ambitious goals: to support high risk, transformative science; to
energize the chemistry research community to tackle grand challenges; and to creatively engage the
public. The change to Centers for Chemical Innovation reflects the addition of innovation as a key
feature expected from these centers. Major themes from the ACI are targeted, such as sustainable
technologies, nanotechnology, and molecular electronics.

ACI Fellows (ACI-F) in chemistry will provide consistent bridges across career transitions to the top
ranked young talent in chemistry. ACI-F would launch young scientists into the professoriate — from
their postdoctoral fellowship to their starting years as junior faculty. Goals include broadening
participation and encouraging best practices in departmental culture. ACI-F will increase research
capacity in targeted ACI areas such as nanotechnology and energy security.

Science and Engineering Beyond Moore’s Law: One way to move beyond Moore's Law will use
molecules or small assemblies of these as components of electronic devices. Ultimately, the goal is to
develop a new generation of computer chips in which single molecules or small groups of them self-
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assemble into pre-designed structures to store information and function as devices. Intensive synthetic
effort guided by rigorous theoretical studies is vital to accomplish the effort.

Quantum Information Science: Quantum computing using NMR spectroscopy and entangled states is an
area of interest. Quantum effects in nanoparticles are being discovered and modeled effectively, which
could find uses in information science and technology. If new paradigms of computing emerge as
competitive technologies, the discoveries enabled by funding molecular electronics research will be
crucial for successful implementation of these ideas.

Adaptive Systems Technology in CHE will use the chemical circuitry in cells as dynamic building blocks
that are combined in precise ways to function, for example, as small chemical factories. The research
would involve identifying chemical networks and their necessary vehicles and then inserting them
biocompatibly in other cells or artificial structures. Recent advances have increased the capability to
mimic and expand upon nature.

Transformational Facilities and Infrastructure: The Chemical Research Instrumentation and Facilities
(CRIF) program has four tracks through which CHE addresses its priorities in Shared Instrumentation,
Instrumentation Development, Facilities, and Cyberinfrastructure. A concerted effort to develop the next
generation of chemical imaging tools will have a significant impact on our ability to understand complex
biological processes, molecular electronics, chemical processes on catalytic surfaces, and environmental
processes, as well as sensors for national security.

Cyber-enabled Discovery and Innovation: The goal of CDI-Chemistry is to stimulate new collaborations
that will lead to transformative methods to model complex molecular structures, including excited
electronic states. Systems of interest cross many scales of time, energy, and space and involve, for
example, weak intermolecular interactions functioning in an environment composed of many thousands
of solvent molecules. Development of multi-scale simulation methods for large numbers of interacting
elements is at the forefront of simulation science.

Changes from FY 2008:

e CCl increases by $12.5 million to $20.0 million, reflecting the establishment of three additional Phase
Il centers and six new Phase | centers. Strong support is needed especially because of the budget
reduction (one Phase Il Center) in FY 2008.

e Other research and education grants increase by $36.27 million to a total of $201.99 million. $29.22
million is dedicated to subdisciplinary programs to fund curiosity-driven fundamental chemistry
research. CHE will support: molecular electronics and Science and Engineering Beyond Moore’s
Law with an investment of $1.75 million; Quantum Information Sciences with $2.0 million; Adaptive
Systems Technology with $1.0 million; Cyber-enabled Discovery and Innovation with an increase of
$800,000; and ACI-Fellows with an increase of $1.50 million. The Science and Technology Center is
phasing out, decreasing by $660,000.

¢ Funding for learning increases by $1.85 million to $11.93 million in a mix of individual and group
activities ranging from undergraduates through professors. Discovery Corps Fellowship support will
increase by $500,000 (postponed in FY 2008 due to budget constraints). Its focus will change to
integration of research and service aimed at communicating chemistry’s value to the public.
Undergraduate Research Collaboratives will increase by $840,000 (program was postponed in FY
2008 due to budget); REU support will increase by $510,000.

e Instrumentation/Facilities increase by $2.34 million to a total of $17.53 million, including new
investments in cyber-enabled chemistry, multi-user facilities, and instrument development for
chemical imaging.
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MATERIALS RESEARCH $324,590,000

The FY 2009 Request for the Materials Research Division (DMR) is $324.59 million, an increase of
$64.37 million, or 24.7 percent, over the FY 2008 Estimate of $260.22 million.

Materials Research Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Materials Research $257.27 $260.22 $324.59  $64.37  24.7%
Major Components:
Research and Education Grants 146.96 14951  192.88 43.37 29.0%
Centers Programs 70.19 70.69 79.69 9.00 12.7%
Facilities 40.12 40.02 52.02 1200  30.0%
National High Magnetic Field Laboratory (NHMFL) 25.00 25.00 30.00 5.00 20.0%
National Nanofabrication Infrastructure Network (NNIN) 2.55 2.55 2.55 - -
Other MPS Facilities 12.57 12.47 19.47 7.00  56.1%

Totals may not add due to rounding.

About DMR:

The Division of Materials Research advances the intellectual frontiers of materials research. The
activities supported are a critical ACI component. DMR awards enable the science and engineering
community to make new discoveries about the fundamental behavior of matter and materials; to create
new materials and new knowledge about materials phenomena; to address questions about materials that
often transcend traditional scientific and engineering disciplines and lead to new technologies; to prepare
the next generation of materials researchers; to develop and support the instruments and facilities that are
crucial to advance the field; and to share the excitement and significance of materials and condensed-
matter science with the public at large.

e The division maintains a balanced portfolio of research topics through individual investigator grants,
small groups, centers, and awards for instrumentation and user facilities, with considerable emphasis on
interagency and international partnerships to advance materials research and education. DMR also
supports six International Materials Institutes (IMI) based at U.S. universities to enhance international
cooperation in materials, and a program to support the acquisition and development of instrumentation
for materials research. Ten awards for Partnerships for Research and Education in Materials (PREM)
are aimed at broadening participation in the materials research field. Both PREM and IMI competitions
are planned for FY 2009.

e DMR Centers address major interdisciplinary problems in materials and condensed-matter science.
DMR plans to support up to 29 Materials Research Science and Engineering Centers (MRSECS) in FY
2009; three MRSECs were phased out in FY 2007 based on results of the FY 2005 MRSEC
competition. The division also supports three Nanoscale Science and Engineering Centers, provides
partial support for a further seven NSECs, and supports two Science and Technology Centers.

o DMR supports world-class facilities for high magnetic fields, synchrotron radiation, and neutron
scattering, and provides partial support for the National Nanofabrication Infrastructure Network.
Researchers use these facilities to address challenging problems across a very broad range of disciplines
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including materials and condensed-matter science, physics, chemistry, biology, geosciences, and many
areas of engineering.

Budget constraints in FY 2008 impacted primarily the following activities: The planned increase for the
National High Magnetic Field Laboratory (NHMFL) and the planned support of new MRSECs for the FY
2008 competition could not be made. The requested FY 2009 budget will allow significant investments
in these activities.

Approximately 15 percent of the funds requested for DMR in FY 2009 will be available for new
competitive research grants; 4 percent will be available for new facility and instrumentation awards and 1
percent will support the planned increase in the funding for NHMFL. In addition, about 2.5 percent of the
funds will be available for fully funding awards made in the FY 2009 MRSEC competition. An
additional 2 percent of funds will support new transformative group awards that complement current
DMR group and center awards. Remaining funds will support continuing commitments from prior years,
facilities, instrumentation, and education and outreach. In FY 2007, DMR received 1,352 research
proposals and made 301 research grants for a success rate of 22 percent for research grants.

DMR Priorities for FY 2009:

Support for materials research programs that explore new phenomena, develop novel materials,
and undergird technological innovation. These programs include awards to individual investigators,
interdisciplinary teams, and centers. Emphasis will be given to research on materials and phenomena at
the nanoscale and the FY 2009 MPS and NSF-wide investments. Increased emphasis on international
activities will lead to additional support for IMIs and enhanced support for research connections in the
Pacific Rim.

Broadening participation in materials research. DMR will provide strong support for the participation
of undergraduates, pre-college students, and pre-college teachers in research, and for increasing the
support for partnerships that strengthen the links between institutions serving under-represented groups
and DMR-supported research teams, centers, and facilities.

Maintaining support for world-class user facilities, while enabling the development of future user
facilities and major instrumentation for synchrotron radiation, neutron scattering, and high magnetic
fields.

Changes from FY 2008:

DMR will increase support for research and education grants by $43.37 million to a total of $192.88
million. Additional support will allow creation of the first set of transformative materials research groups
that effectively bridge the gap between small groups of individual investigators and centers. There will
be increased support for ACI Fellows.

DMR will increase support for centers by $9.0 million to a total of $79.69 million. This will provide full
support for awards made as a result of the FY 2008 MRSEC competition and supplementary support for
the Center for Environmental Issues in Nanotechnology expected to be awarded in FY 2008.

DMR will increase funding for facilities by $12.33 million to a total of $52.40 million. This will allow
support of the NHMFL at the planned level. It will enable continued operational support for X-ray,
neutron, and nanofabrication user facilities, and support for research and development necessary for the
next generation of light source facilities.
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MATHEMATICAL SCIENCES $245,700,000

The FY 2009 Request for the Mathematical Sciences Division (DMS) is $245.70 million, an increase of
$33.91 million or 16 percent above the FY 2008 Estimate of $211.79 million.

Mathematical Sciences Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate
Actual Estimate Request Amount Percent

Mathematical Sciences $205.74 $211.79 $245.70 $33.91 16.0%
Major Components:
Research and Education Grants 205.74 211.79 245.60 33.81 16.0%
Centers Programs - - 0.10 0.10 N/A

Totals may not add due to rounding.

About DMS:

The Division of Mathematical Sciences (DMS) advances the intellectual frontiers of the mathematical
sciences and enables the advance of knowledge in other scientific and engineering fields. It plays a key
role in training the Nation's science and engineering workforce. Driven in part by increasingly
sophisticated and readily available computing environments, advances in science and engineering require
ever more sophisticated mathematical and statistical tools.

NSF plays a crucial role in support of basic academic research in the mathematical sciences, as it provides
almost 60 percent of all federal university-based support. In the core mathematical areas this percentage
is even higher, with NSF supporting a broader range of infrastructure and fundamental and
multidisciplinary research topics than other federal agencies. DMS plays a dominant role in developing
the next generation of mathematical scientists.

DMS supports areas such as algebra, analysis, applied mathematics, combinatorics, computational
mathematics, foundations, geometry, mathematical biology, number theory, probability, statistics, and
topology. In addition, DMS supports national mathematical science research institutes; infrastructure,
including workshops, conferences, and equipment; and postdoctoral, graduate, and undergraduate training
opportunities. The DMS portfolio includes a variety of support modes and mechanisms. These include:

e research grants ranging in scope from individual-investigator awards to awards for multidisciplinary
groups of researchers to attack problems of mathematical and scientific importance.

e major support for education and training, particularly through Enhancing the Mathematical Sciences
Workforce for the 21% Century, which focuses on research training in the mathematical sciences and
mentoring activities aimed at increasing the number of U.S. students choosing careers in the
mathematical sciences.

o core support for five mathematical sciences research institutes as well as major support for three other
institutes, all funded on a competitive basis to serve as incubators for new ideas and directions in the
mathematical sciences and to address the growing interface with other disciplines.

In FY 2009, approximately 61 percent of funds requested for DMS will be available for new research
awards, with the remainder going to continuing commitments from earlier years. In FY 2007, DMS
received 2,222 research proposals and made 769 awards, for a success rate of 35 percent.
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DMS Priorities for FY 2009:

Fundamental mathematical and statistical science, including activities that strengthen the core of the
discipline and enable effective partnering with other science and engineering disciplines. This is a central
enabler of the ACI.

Interdisciplinary research and education, including key components of ACI where the mathematical
sciences play a critical role in discovery for competitiveness and innovation:

o Cyber-enabled Discovery and Innovation uses the mathematical sciences to provide new ways of
obtaining insight into the nature of complex phenomena in science and engineering.

e Science and Engineering Beyond Moore’s Law continues the algorithmic “Moore’s Law”, — the
exponential increase in speed of basic computations due to innovative new algorithms, in parallel with
Moore’s Law for hardware — and develops new mathematical frameworks for computation.

¢ Quantum Information Sciences involves research on quantum computing and communications
including the understanding and implementation of algorithms in QIS.

o MPS-Life Sciences Interface provides mathematical language, methods, and tools to describe
complex, multiscale, and emergent phenomena in the life sciences. This activity promotes the
emergence of biology as a quantitative science and encourages bio-technological innovation.

o Adaptive Systems Technologies involves a multidisciplinary approach to using the architecture and
operation of biological systems to achieve function and complex behavior in man-made adaptive
systems. Discovery in this area would lead to innovation in such areas as robotics, sensor systems,
specialized materials, and assistive devices.

o ACI Fellows improves the freshman and sophomore experience in mathematics through involvement in
interdisciplinary, discovery-based activities. It is designed to strengthen the Nation’s scientific
workforce by increasing numbers of successful undergraduate majors in mathematics, science, and
engineering.

Mathematical Sciences Research Institutes and Networks, the Workforce program, and broadening
participation at all levels in the mathematical sciences remain high priorities for DMS.

Changes from FY 2008:

e Support for the core increases by $20.81 million, a significant portion of which will be used to further
the aims of the ACI in part through interactions with other science and engineering disciplines and to
restore cuts to division programs made in FY 2008. Award size and duration will be increased by
providing adequate support for the most compelling projects and, to the extent possible, doing so
without unduly reducing the success rate for unsolicited proposals.

¢ Cyber-enabled Discovery and Innovation increases by $3.85 million.

¢ Science and Engineering Beyond Moore’s Law will be supported at $1.75 million.

¢ Quantum Information Sciences will be supported at the level of $2.0 million.

e MPS-Life Sciences Interface will be supported at the level of $1.0 million.

¢ Adaptive Systems Technologies will be supported at the level of $500,000.

o ACI Fellows will be supported at the level of $2.0 million.

o Support for early career investigators will increase by $2.0 million to a total of $8.16 million in order
to increase the number of CAREER awards and to raise stipends for postdoctoral fellowships to a more
competitive level.

o Support for the Center for Research at the Interface of the Mathematical and Biological Sciences
will be $100,000. This will be matched by the MPS Office of Multidisciplinary Activities. This center
is predominantly supported by the Directorate for Biological Sciences.
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PHYSICS $ 297,700,000

The FY 2009 Request for the Physics Division (PHY) is $297.70 million, an increase of $47.18 million,
or 18.8 percent, over the FY 2008 Estimate of $250.52 million.

Physics Funding
(Dollars in Millions)

Change over
FY2007 FY2008 FY2009 FY 2008 Estimate
Actual Estimate Request Amount  Percent

Physics $24847 $25052 $297.70 4718  18.8%
Major Components:
Research and Education Grants 156.33 16295 213.69 50.74  3L1%
Centers 7.68 6.36 6.36 - -
Facilities 84.46 81.21 77.65 356 -44%
Laser Interferometer Gravitational \Wave Observatory 33.00 29.50 28.50 100 -34%
Large Hadron Collider 18.00 18.00 18.00 - -
IceCube Neutrino Observatory 0.25 150 215 065  43.3%
National Superconducting Cyclotron Laboratory 18.50 18.50 20.50 200 10.8%
Cornell Electron Storage Ring 1471 1371 8.50 521 -38.0%

Totals may not add due to rounding.

About PHY:

PHY advances the intellectual frontiers of physics; contributes to advances in other scientific and
engineering fields and to the ultimate benefit of the economy, health, and defense of the country; works
toward early inspiration of the young, training the next generation of scientists and the high-tech
workforce, and sharing the stimulation and understanding provided by science to the general public
through the integration of research and education; and stewards the physics community to ensure it
remains world-class as it evolves. PHY supports research over a broad range of physics subfields,
including atomic, molecular, optical, and plasma physics; elementary particle physics; gravitational
physics; nuclear physics; astrophysics; biological physics; physics at the information frontier; and
theoretical physics and instrument development across all these subfields. The division maintains a
balanced portfolio of research topics using appropriate modes of support and partnering across agency
and national boundaries.

The PHY portfolio has two major modes of support: research and education grants and facilities.

e PHY research and education grants range in scope from individual-investigator awards to awards to
major user groups, including groups with responsibility for experiments at national or international user
facilities, and awards for frontier research efforts involving centers, institutes, and other multi-
investigator collaborations.

e PHY also supports major world-class facilities needed by certain subfields to answer the highest
priority science questions.

In FY 2009, approximately 35 percent of the funds requested will be available for new research grants,
with the remainder going to continuing commitments from previous years and to facilities (approximately
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30 percent of the portfolio), instrumentation, and education and outreach. In FY 2007, PHY made a total
of 263 competitive research grants, for a funding rate of 39 percent for competitive actions.

PHY Priorities for FY 2009:

A strong, flexible program of research and education grants to create new ideas and technology and
attract and train students is the highest priority in the PHY portfolio. Investments in FY 2009 will
focus heavily on new directions grown out of earlier discoveries that show special promise to introduce
revolutionary new technologies, especially those that derive from quantum control; to capitalize on
modern grid technology and computational capabilities to develop new cyberinfrastructure to enable new
discoveries and address increasingly complex scientific problems; and to more rapidly enhance support
for emerging physics research on living systems. Support is provided through internal physics programs
as well as joint participation with other parts of NSF, other agencies, and international partners.

Physics of the Universe (POU) continues to be a high priority within the Division. Research at this
frontier addresses compelling questions at the interface of physics and astronomy in line with the joint
investment plan between NSF, Department of Energy, and NASA put forth in the National Science and
Technology Council report “The Physics of the Universe: A 21* Century Frontier for Discovery”.
Within NSF, POU is coordinated and supported by the AST and PHY Divisions. Activities include
funding within grants programs, instrumentation development, and technical design for new facilities.

Changes from FY 2008:

Research and education grants increase by $50.74 million to a total of $220.05 million. PHY will
enhance its support for ACl-related research in atomic, molecular, and optical physics, especially science
beyond Moore’s law ($1.75 million), physics at the information frontier, especially quantum information
science ($3.0 million), cyberinfrastructure and cyber-enabled discovery ($1.20 million), and the physics
of living systems ($2.0 million), with connections to Adaptive Systems Technology and the physical-life
sciences interface. A mid-career ACI Fellows program ($1.0 million) will enhance the continuing
emphasis on education and outreach activities and expanding diversity within the research community.

Facilities decrease by $3.56 million to a total of $77.65 million. For detail, see the Facilities chapter.

This includes:

e Continued support for operations of the Laser Interferometer Gravitational Wave Observatory (LIGO)
and for advanced detector R&D during startup of AdvLIGO construction at $28.50 million, a decrease
of $1.0 million.

e Increased support for operations of the National Superconducting Cyclotron Laboratory (NSCL)
radioactive ion beam facility to a total of $20.5 million, an increase of $2.0 million, back on plan after
an unplanned $1.0 million reduction in FY 2008.

e Increased support for operations of IceCube to a total of $2.15 million from PHY, an increase of
$650,000.

e Decreased support for the Cornell Electron Storage Ring (CESR) by $5.21 million to a total of $8.50
million as the continuation of the phase-out of operations as a high-energy research facility.

e Funding for instrumentation development and acquisition requiring investment at levels beyond the
maximum limit of the agency-wide Major Research Infrastructure program or the resources of
disciplinary programs will be increased by $3.35 million to a total of $8.50 million.

Support for technical design for the proposed Deep Underground Science and Engineering Laboratory
(DUSEL) and R&D for detectors relevant to the proposed DUSEL will be increased by $6.0 million to a
total of $10.0 million.
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MULTIDISCIPLINARY ACTIVITIES $40,000,000

The FY 2009 Request for the Office of Multidisciplinary Activities (OMA) is $40.0 million, an increase
of $7.30 million, or 22.3 percent, over the FY 2008 Estimate of $32.70 million.

Multidisciplinary Activities Funding
(Dollars in Millions)

Change over
FY 2007 FY 2008 FY 2009 FY 2008 Estimate

Actual Estimate  Request Amount Percent
Multidisciplinary Activities $32.64 $32.70 $40.00 7.30 22.3%
Major Component:
Research and Education Grants 32.64 32.70 39.90 7.20 22.0%
Centers Programs - - 0.10 0.10 N/A
About OMA:

OMA enables and facilitates MPS support of particularly novel, challenging, or complex projects of
varying scale in both research and education that are not readily accommodated by traditional
organizational structures and procedures. This is done primarily in partnership with the five MPS
disciplinary divisions to encourage multidisciplinary proposals from all segments of the MPS community
and especially to encourage activities by multi-investigator, multidisciplinary teams pursuing problems on
a scale that exceeds the capacity of individual investigators. Most often, these cooperative undertakings
involve two or more partners — within MPS or beyond — that join with OMA to foster new directions of
scientific understanding and that broaden and enrich education and research training activities in the MPS
disciplines. Such partnerships are critically important to the pursuit of the strategic goals of NSF and of
the MPS community and contribute significantly to the preparation of a diverse workforce for the new
century that is broadly trained, flexible, and globally competitive. Facilitation by OMA of both
disciplinary partnerships and organizational partnerships is vital to the accelerated discovery of new ideas,
the development of new tools, and the broadened training necessary to enable the Nation’s workforce to
meet new and rapidly evolving demands.

The portfolio of OMA is expanded this year to include some resources to address strategic planning for
future facilities, again, in partnership with MPS divisions. This recognizes a long-standing nee