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Preface 1

The NASA Fiscal Year 2000 Performance Plan is intended for use in conjunction with the NASA Budget
Estimates, Fiscal Year 2000. More detailed information on program content, goals, means, and strategies
is contained in the Agency budget documentation. This Performance Plan provides information on only a
subset of the Agency’s total program.

The NASA Performance Plan is prepared by the Office of the Chief Financial Officer.
Questions or comments should be directed to the Resources Management Division, (202) 358-2240.
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Background and Introduction

The Government Performance and
Results Act

The Government Performance and Results Act
(GPRA) was passed by Congress and signed by
the President in 1993. GPRA was enacted to
improve the efficiency of all Federal agencies, with
the following specific goals:

* Improve Federal program management, effec-
tiveness, and public accountability

 Improve congressional decisionmaking on where
to commit the Nation’s financial and human
resources

« Improve citizen confidence in Government perfor-
mance

The Act directs Executive Branch agencies to devel-
op a customer-focused strategic plan that aligns
activities with concrete missions and goals. The first
strategic plans were to be submitted in September
1998 as part of the Fiscal Year (FY) 1999 budget
process. These budget submissions were to sup-
port, in a relatable manner, the goals expressed in
the agency strategic plans. The Act also directs
agencies to manage and measure results to justify
congressional appropriations and authorizations.
Six months after the completion of the fiscal year,
agencies will report on the degree of success in
achieving the goals and evaluation measures
defined in the strategic and performance plans. The
first such report will be furnished to the Congress in
March 2000, covering the performance in FY 1999.

NASA’s Strategic Management System

Processes within NASA's Strategic Management
System provide the information and results for

GPRA's planning and reporting requirements. The
the NASA Strategic
Management Handbook (NASA Procedures and

system is defined in
Guidelines 1000.2). Figure 1 illustrates the hierarchy
of documentation for the Strategic Management
System; Figure 2 provides the system'’s roadmap.

The NASA Strategic Plan (NASA Policy Directive
1000.1) defines the vision, mission, and fundamen-
tal questions of science and research that provide
the foundation of the Agency’s goals. The Strategic
Plan describes the four Strategic Enterprises that
manage the programs and activities to implement
our mission, answer the fundamental questions, and
provide service to identified customers. These
Strategic Enterprises are the Space Science, Earth
Science, Human Exploration and Development
of Space, and Aero-Space Technology. The sup-
port systems for the Strategic Enterprises, defined
as Crosscutting Processes, are also defined in the
Strategic Plan. These Crosscutting Processes are
Manage Strategically, Provide Aerospace
Products and Capabilities, Generate Knowledge,

and Communicate Knowledge.

Interested readers may access these Strategic
Management System documents through the
Internet.

Consistent with the directions in Office of
Management and Budget (OMB) Circular A-11,
“Preparation and Submission of Budget Estimates,”
an interim update to the NASA FY 1999 Strategic
Plan is included as a separate section of this docu-
ment. These changes to the Strategic Plan respond
to requests that NASA (1) tie our strategic goals and
objectives to the National Space Policy (1996),
(2) more clearly identify synergy with other Federal
agencies, and (3) identify the technology develop-
ment initiatives in each of the Enterprises.
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NASA’s Strategic Management System Roadmap

Vision, Mission, Questions, Roadmap and Goals, and Contributions to National Priorities

Primary Areas
of Business

investment in
America’s

future.

As explorers,
pioneers, and
innovators,
we boldly
expand
frontiers

in air and
space to
inspire

and serve
America and
to benefit
the quality of

life on Earth.

scientific
knowledge and
understanding

of Earth, the solar
system, and the
universe

To advance
human .
exploration, use,

and development
of space

N
S

To research,
develop, verify,
and transfer
advanced
aeronautics,
space, and related
technologies

How can our exploration of the
universe and our solar system
revolutionize our understanding of
physics, chemistry, and biology?

. Does life in any form, however

simple or complex, carbon-based
or other, exist elsewhere than on

planet Earth? Are there Earth-like
planets beyond our solar system?

. How can we utilize the knowledge

of the Sun, Earth, and other
planetary bodies to develop
predictive environmental, climate,
natural disaster, and natural
resource models to help ensure
sustainable development and
improve the quality of life on Earth?

. What is the fundamental role of

gravity and cosmic radiation in vital
biological, physical, and chemical
systems in space, on other
planetary bodies, and on Earth,
and how do we apply this
fundamental knowledge to the
establishment of permanent human
presence in space to improve life
on Earth?

. How can we enable revolutionary

technological advances to provide
air and space travel for anyone,
anytime, anywhere more safely,
more affordably, and with less
impact on the environment and
improve business opportunities and
global security?

. What cutting-edge technologies,

processes, and techniques and
engineering capabilities must we
develop to enable our research
agenda in the most productive,
economical, and timely manner?
How can we most effectively
transfer the knowledge we gain
from our research and discoveries
to commercial ventures in the air,
in space, and on Earth?

. "\ Agency Fundamental
Vision i - and
_|/ Mission Questions Crosscutting
Processes
To advance and . How did the universe, galaxies, .
. communicate stars, and planets form and evolve? Strategic
NASA is an Enterprises *

e Space Science
(1, 2, 6)

¢ Earth Science
(3,6)

* Human
Exploration and
Development of
Space (4, 6)

¢ Aero-Space
Technology (5, 6)

Crosscutting
Processes

* Manage
Strategically

* Provide
Aerospace
Products and
Capabilities (6)

¢ Generate
Knowledge

« Communicate
Knowledge

* The numbers in
parentheses identify
questions of primary
concern for each
enterprise.

Figure 2
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Near-, Mid-, and Long-Term Agency Goals

1998-2002
Establish a Presence
Deliver world-class
programs and cutting-edge
technology through
a revolutionized NASA

2003-2009
Expand Our Horizons
Ensure continued U.S.
leadership in space and
aeronautics

~/

2010-2023

Develop the Frontiers

Expand human activity and

space-based commerce in the

frontiers of air and space

Contributions
to National
Priorities

Develop lower cost missions:

« Characterize the Earth
system with data, models, and
analysis

¢ Chart the evolution of the
universe, from origins to
destiny, and understand its
galaxies, stars, planets, and
life

« Explore the role of gravity in
physical and chemical
processes in space

Share new knowledge with our

customers and contribute to

educational excellence

« Expand our understanding of
Earth system changes

« Expand our understanding of
the evolution of the universe,
from origins to destiny

« Expand our understanding of
nature’s processes in space
through long-duration
research

« Share expanded knowledge
of our planet and the universe
with our customers and
contribute to educational
excellence

N >

Create an international capability
to forecast and assess the health
of the Earth system

Create a virtual presence
throughout our solar system and
probe deeper into the mysteries
of the universe and life on Earth
and beyond

Use our understanding of nature’s
processes in space to support
research endeavors in space and
on Earth

Share understanding of the Earth
system and the mysteries of the
universe with our customers and
contribute to the achievement of
the Nation’s educational goals

Advance human exploration of

space:

* Assemble and conduct
research on the International
Space Station

« Develop robotic missions as
forerunners to human
exploration beyond low-
Earth orbit

Improve Space Shuttle safety

and efficiency and transition to

private operations as
appropriate

« Live and work in space to
develop and demonstrate
critical capabilities and
systems to prepare for
expanded human exploration
and commercial development
of space

« Expand the use of robotic

missions to prepare for

human exploration beyond
low-Earth orbit

Transition to a commercially

operated reusable launch

vehicle for unpiloted missions

~ >

Conduct international and
U.S. human and robotic
missions to planets and other
bodies in our solar system to
enable human expansion
Provide safe and affordable
space access, orbital transfer,
and interplanetary
transportation capabilities to
enable research, human
exploration, and the
commercial development of
space

Develop and transfer cutting-

edge technologies

« Provide new technologies,
processes, world-class
facilities, and services to
enhance research and make
aeronautics and space
programs more affordable
(e.g., develop and
demonstrate a reusable
launch vehicle, advance
intelligent systems and the
miniaturization of
technologies, and utilize
simulation-based design)

« Cooperate with industry and
other agencies to develop
affordable technologies for
U.S. leadership in the
aviation markets of the
21st century

« Stimulate the application of
NASA technology in the
private sector and promote
commercial use of space

« Lead the activities of industry
and other agencies to
develop advanced
technologies that will enable
human missions beyond
Earth orbit

« Improve aeronautics and
space system design cycles,
technologies, and
applications to reduce aircraft
accident rates, emissions,
noise levels, and costs,
enhance research, and foster
new products and industries

« Apply knowledge gained
from space-based
experimentation to ground-
based research,
development, and
manufacturing

>

Develop cutting-edge
aeronautics and space
systems technologies to
support highways in the sky,
smart aircraft, and
revolutionary space vehicles
(These will provide faster,
safer, more affordable air and
space travel with less impact
on the environment and
enable expanded research of
our planet and the universe.)

Support the maturation of
aerospace industries and the
development of new high-tech
industries such as space-
based commerce through
proactive technology transfer

The outcomes of NASA's
activities contribute to the
achievement of the Nation’s
science and technology goals
and priorities:

e Increased Understanding
of Science and
Technology

We will communicate widely
the content, relevancy, and
excitement of our missions and
discoveries to inspire and
increase understanding and
the broad application of
science and technology.

¢ Sustainable Development
of the Environment

We study the Earth as a planet
and as a system to understand
global change, enabling the
world to address
environmental issues.

¢ Educational Excellence

We involve the educational
community in our endeavors
to inspire America’s students,
create learning opportunities,
and enlighten inquisitive minds.

e Peaceful Exploration and
Discovery

We explore the universe to
enrich human life by
stimulating intellectual curiosity,
opening new worlds of
opportunity, and uniting nations
of the world in a shared vision.

* Economic Growth and
Security

We develop technology in
partnership with industry,
academia, and other Federal
agencies to support the fullest
commercial use of space to
promote economic growth and
keep America capable and
competitive.

i
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10 In the NASA Strategic Plan, the vision and mission

statements of the Agency are articulated. We
reprint them here for the convenience of the reader.

NASA Vision Statement

NASA is an investment in America’s future. As
explorers, pioneers, and innovators, we boldly
expand frontiers in air and space to inspire and
serve America and to benefit the quality of life
on Earth.

NASA Mission Statement

e« To advance and communicate scientific
knowledge and understanding of Earth, the
solar system, and the universe and use the
environment of space for research

e To advance human exploration, use, and
development of space

e To research, develop, verify, and transfer
advanced aeronautics, space, and related
technologies




Outcomes of NASA’s Activities

Government investment decisions on funding for
space and aeronautics research and technology
cannot be made knowing in advance the full bene-
fits (“outcomes”) that will accrue from making the
investments. Nor can the timetable be known as to
when these benefits will be realized. However, we
can identify how the outcomes of NASA's activities
contribute significantly to the achievement of
America’s goals in four key areas:

* Increased Understanding of Science and
Technology—NASA widely communicates the
content, relevancy, and excitement of our discov-
eries to both inspire and increase understanding
and the application of science and technology.

Sustaining Development of the Environment—
NASA studies Earth as a planet and as a system
to understand global climate change, enabling the
world to address environmental issues.
Educational Excellence—NASA involves the
educational community in our endeavors to
inspire America’s students, create learning
opportunities, and enlighten inquisitive minds.
Peaceful Exploration and Discovery—NASA
explores the universe to enrich human life by
stimulating intellectual curiosity, opening new
worlds of opportunity, and uniting nations of the
world in this quest.

Economic Growth and Security—NASA con-
ducts aeronautics and space research and
develops technology in partnership with industry,
academia, and other Federal agencies to keep
America capable and competitive.

11
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NASA Fiscal Year 2000 Budget
Request

The NASA FY 2000 budget request reaffirms the
President’'s commitment to support NASA's space
and aeronautics program (Figure 3). This budget
will support the Agency’s priorities as directed by
the National Space Policy and the President’s
Goals for a National Partnership in Aeronautics
Research and Technology. NASA's priorities include
a commitment to safety for human aeronautics and
space flight, the assembly of the International
Space Station (ISS), and the development of the
Next Generation Launch Vehicle. The budget also
provides support for an aggressive space science
program, a program of long-term observation,
research and analysis of Earth from space, and
revolutionary advancements that will sustain global
U.S. leadership in civil aeronautics and space.

The successful execution of NASA's strategic
goals and objectives is contingent on receiving the
requested appropriations, as well as the provision
of funds, materials, or services that have been

committed to the cooperative agreements or part-
nerships that are referenced in this document. The
parties to these agreements include foreign gov-
ernments, other Federal agencies or departments,
and commercial entities.

Under the FY 2000 appropriations structure, the
Mission Support appropriation carries a portion of
the direct support required to execute the
Enterprise goals and objectives, notably Research
and Operations Support and civil service salaries
and travel. As NASA moves into the era of full-cost
management, the budget for these supporting ele-
ments will be directly allocated to the programs and
projects. The remaining direct costs, such as for
the mission-unique information technology sup-
port, are already incorporated in the program and
project budgets; thus they are not identified as sep-
arate contributions.

For informational purposes, the Enterprise sec-
tions of this plan will display the civil service
staffing levels assigned to the Enterprise. There
are also tables in each of the sections that provide

Fiscal Year 2000 Estimates
(In millions of Real Year Dollars)

FY 99 FY 00 FY 01 FY 02 FY 03 FY04

NASA Total Budget $M 13,665 13,578 13,752 13,757 13,750 13,751

Space Science 2,119 2,197 2,347 2,439 2,634 2,852

Earth Science 1,414 1,459 1,463 1,421 1,373 1,424

Human Exploration and Development of Space 6,309 6,390 6,301 6,024 5,574 5,362

Aero-Space Technology 1,339 1,006 950 982 1,014 999
Mission Support, Academic Programs,

Inspector General, and others 2,484 2,526 2,692 2,892 3,155 3,114

Civil Servant Full-Time Equivalents 18,755 18,180 17,993 17,906 17,852 17,784

For the purposes of performance evaluation, Human Exploration and Development of Space (HEDS) includes elements from both the Science,
Aeronautics, and Technology appropriation and the Mission Support appropriation. These include the Life and Microgravity Science, Mission

Communications, and Space Communications budgets.

Figure 3




the reader with a crosswalk among the perfor-
mance targets, the strategic objectives, and the
appropriate budget line item.

Additional detail on the means and strategies for
accomplishing these performance targets is includ-

ed in the separate NASA FY2000 Budget; in the 13
spirit of efficiency, this information is not repeated
in this document. The NASA FY 2000 Budget is
available through the NASA Home Page at the fol-
lowing Internet address: http://ifmp.nasa.gov/
codeb/budget2000/
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Fiscal Year 2000 President’s
Budget Performance Goals

The President’'s Budget Request for FY 2000 high-
lights specific Governmentwide Performance
Goals. The NASA performance goals called out for
this Government Performance Plan are provided
below.

Space Science

* NASA Space Science will successfully launch its
three planned spacecraft—the Thermosphere,
lonosphere, and Mesosphere Energetics and
Dynamics (TIMED) mission; the Imager for
Magnetopause-to-Aurora Global
(IMAGE); the
Spectroscopic Imager—within 10 percent of their

Exploration

and High Energy Solar
schedules and budgets.

* NASA Space Science will develop innovative
new technologies to reduce the cost of future
spacecraft by delivering the first engineering
model of a standard, miniaturized integrated
avionics system, to be used for the Europa
Orbiter and future missions.

e The NASA Advisory Council will rate all near-
term Space Science objectives as being met or
on schedule.

Earth Science

* NASA Earth Science will successfully launch its
three planned spacecraft—the Advanced Cavity
Radiometer Irradiance Monitor (ACRIM) mission;
the Vegetation Canopy Lidar (VCL) mission; and
a technology validation mission to reduce the
costs of future Landsat missions (EO-1)—uwithin
10 percent of their schedules and budgets.

* NASA Earth Science will double the volume of
precipitation, land surface, and climate data it

archives from its missions compared to 1998,
increase the number of products delivered from
its archives by 10 percent, and make the data
available to users within 5 days.

e The NASA Advisory Council will rate all near-
term Earth Science objectives as being met or on
schedule.

Human Exploration and Development of
Space

¢ On the International Space Station, NASA will
deploy the U.S. Laboratory Module, initiate
Station-based extravehicular activity capability,
and activate a Station-based external robotic
manipulator within performance, schedule, and
budget targets.

* NASA will ensure that Space Shuttle safety, relia-
bility, availability, and cost will improve by achieving
seven or fewer flight anomalies per mission, suc-
cessful on-time launches 85 percent of the time,
and a 12-month flight manifest preparation time.

* NASA will expand human presence and scientif-
ic resources in space by initiating continuous
three-person crew presence on the International
Space Station.

Aero-Space Technology

» The X-33 program will begin flight testing in 2000
to demonstrate technologies that are traceable to
the mass fraction and operability required for
future reusable launch vehicles (including 48-
hour surge turnarounds and 7-day routine turn-
arounds with a 50-person ground crew).

* The X-34 program will continue flight testing in
2000 to demonstrate technologies key to the
operational requirements of future reusable
launch vehicles, including high flight rates
(including a flight rate of 25 flights in 1 year).




NASA Performance Plan

This document, as required by the GPRA,
describes performance measures and service lev-
els for program activities requested in the FY 2000
budget. Performance goals are defined for NASA's
Strategic Enterprises and for the Crosscutting
Processes. The NASA FY 2000 Performance Plan
should be used in conjunction with the NASA
Strategic Plan (NPD 1000.1) and the NASA Budget
Estimates, Fiscal Year 2000 to obtain a complete
understanding of the entire body of work being
undertaken by the Agency in Fiscal Year 2000. The
NASA Budget Estimates, Fiscal Year 2000 docu-
ment provides the complete description of program
activities, budget requirements, and performance
measures. The NASA Performance Plan provides
detail for only a subset of the information provided
in the Budget Estimates publication. The NASA
budget may be found on the NASA Chief Financial
Officer's Home Page at the following address:

http://ifmp.nasa.gov/codeb/budget2000/

Each section of the Performance Plan includes the
following:

» A description of the mission/goal(s) of the
Enterprise or Crosscutting Process

* The budget and civil service personnel required
to support the Enterprise for FY 1999-2004

A description of the measurement and the per-
formance targets for FY 2000 (where applicable,
prior year performance data will be provided)

< A tabular display of the strategic goal, strategic
objectives, and performance targets

« A crosswalk relating the performance targets to
both the goals of the Strategic Plan and the
NASA budget structure

In the Enterprise and Crosscutting Process sec-
tions that follow, the goals, objectives, and specific
performance targets are identified. The budgetary
resources identified for each Enterprise are consis-
tent with the NASA budget presentation for FY
2000. The civil service staffing for the Enterprises
is also provided. In the Enterprise sections, the
performance targets differ in significance. In some
cases, a performance target represents a major
event for the program or project; in other cases, the
performance target enables the next major event
or critical step in another objective. The perfor-
mance targets of greater significance are identified
in bold italic fonts in each of the Enterprise sec-
tions of this document.

15
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The Performance Evaluation
Process: Verification and
Validation

NASA uses a process of extensive internal and
external reviews to evaluate our progress against
established plans. These reviews provide an oppor-
tunity to verify and validate the performance data that
are provided by the implementing organizations.

Internally, there are standard monthly and quarter-
ly project- and program-level reviews at the NASA
Field Installations, at contractor installations, and
at NASA Headquarters. There are regular reviews
for functional management activities, such as pro-
curement, finance, facilities, personnel, information
resources management, and so forth. There are
reviews of science, engineering, and technology
plans and performance. The NASA Inspector
General conducts independent reviews and pro-
vides recommendations for corrective actions.

NASA has established management councils, as
described in the NASA Strategic Management
Handbook, that conduct internal oversight reviews.
Throughout the year, Program Management
Councils at Headquarters and the Centers assess
program schedules, cost, and technical performance
against established programmatic commitments.
The Senior Management Council brings together
both Headquarters and Field Installation Directors to
conduct assessment reviews twice a year of the
progress being made in meeting the Enterprise and
Crosscutting Process performance targets.

NASA's extant management review processes provide
appropriate forums for internal reporting and reviewing
of project and program performance data. The recent
streamlining of Agency processes provide confidence
that new data collection and oversight processes need

not be created for compliance with the GPRA. Our
mission-oriented organizational structure and estab-
lished management processes are well suited to the
assessment of this type of performance evaluation.

There is also a significant external review process
in place. One of its key elements is the peer review
process. NASA uses panels of outside scientific
experts to ensure that science research proposals
are selected strictly on the merits of the planned
research. This process takes into account past per-
formance for selection and/or continued funding.

External reviews are conducted by a number of orga-
nizations. An independent accounting firm annually
audits NASA's financial statements, including pro-
gram and functional performance parameters, which
leads to the publication of the NASA Accountability
Report. NASA requests assistance from other Federal
agencies to provide expert advice and council. In
some cases, the organizations are advisory bodies of
experts from the public and private sectors that work
with NASA to establish priorities in particular scientific
disciplines. In other cases, reviews are conducted by
such organizations as the NASA Advisory Council, the
Aerospace Safety Advisory Panel, the National
Academy of Sciences, and the General Accounting
Office, which share responsibility for oversight of the
Agency. The Occupational Safety and Health
Administration and the Environmental Protection
Agency will also provide reviews of performance
unique to their agencies during the fiscal year.

The use of these external reviews allows NASA to
receive a report card on whether we are making the
anticipated progress toward accomplishing the pri-
orities established by the Administration, Congress,
and our advisory bodies. When necessary, these
external assessments result in the revision of either
implementation plans or strategic plans.




The GPRA Performance
Evaluation and Report Process

For the purposes of the GPRA performance report-
ing process, NASA intends to use its own advisory
committees as the critical input. These committees
already opine on NASA's Strategic Plan, individual
Enterprise Strategic Plans, and budgetary priori-
ties. NASA furnishes program performance status
information, and, in turn, the committees render
advice and counsel. It is this process that NASA
will employ to generate an independent “score-

card” report on our annual performance.

NASA has historically been one of the most open
Federal agencies in terms of performance measure-
ments. Public attention is drawn quickly to program
successes—and particularly to program failures.
Press conferences on the scientific results and pro-
gram technical status are commonplace. The techni-
cal measurement of program progress is a
management imperative because of the heavy
emphasis on development programs and, within the
programs, the specific projects. Flight programs such
as the International Space Station compile thou-
sands on thousands of technical performance met-
rics, schedule milestones, and cost performance.

However, the GPRA requires a heavier focus on
outcome metrics rather than NASA's ubiquitous
input and output metrics. Similar to other Federal
agencies engaged in science and technology,
NASA has difficulty in quantifying outcomes and,
especially, relating current outcomes to current fis-
cal expenditures. This is particularly the case
because NASA development programs are multi-
year in character. In some cases, the past expen-
ditures began more than a decade ago, such as
the Hubble Space Telescope, which entered into
development in the mid-1970’s. More recently,

NASA has focused on programs and projects with
much shorter development periods, on the order of
3 to 5 years. Yet, the science outcomes depend on
scientists analyzing the information gathered in the
years after launch.

The stated objectives of programs within NASA's
Enterprises are long term in character. This is
exemplified by considering a Space Science per-
formance objective: “Solve mysteries of the uni-
verse.” Annual performance evaluations assess
whether appropriate progress is being made, per-
haps actually solving individual “mysteries” to the
satisfaction of the scientific community or providing
additional insights to the eventual solution of other
mysteries. The assessment process requires a
multifaceted judgment that takes into account the
nature of the challenge of solving the mystery, the
level of resources available to be applied, and the
actual scientific achievements of the past year.

It is particularly important, in our view, to avoid
evaluating actual output performance in research
and development (R&D) organizations by counting
the number of planned events for the year with the
number that actually occurred. The “bean count”
approach is more appropriate to a known manu-
facturing environment. In the high-performance,
high-risk R&D environment that characterizes
NASA's programs, it is inadvisable to “incentivize”
on-time performance and thereby deemphasize
safety, quality, high performance, and appropriate
risk-taking.

NASA has worked hard to maintain the highest
emphasis on maintaining safety; this value applies
not only to the safety of personnel but also to the
preservation of high-value facilities, equipment,
experimental hardware, and related capabilities.
Quality goes hand in hand with safety, but extends

17

R § wu,, e gemy. D R 5 WA
j Ba %,,, & 3 L S g«@; -
? el oY | ‘& o BWE S 1N Y S




18

well beyond it. For example, taking credit for com-
pleting a critical design review (CDR) for a space-
craft is only appropriate when the CDR process
has been thorough, complete, and meets perfor-
mance standards. Great care must be taken that
quality does not suffer when contract fee incentives
call for a milestone payment upon completion of
the CDR. Other examples abound, and they give
rise to our constant vigilance to avoid rushing to
launch to achieve a given date.

It is possible, of course, to emphasize safety and
quality and achieve little of lasting significance or
have the achievement take an inordinate amount of
time. Building spacecraft that do not test new
designs, but rely only on proven designs, is appro-
priate for operational, mission agencies or commer-
cial entities. It is not appropriate for an R&D
environment. Conducting basic and applied
research involves experimentation. The exploration
of new methods and new technologies in expanding
the frontiers of space and aeronautics is an explicit
role for NASA. In these high-performance ventures,
it is acceptable to take risks, to push the envelope,
and to fail. The tolerance of failure puts NASA and
other R&D agencies into a different category than
other Federal agencies involved in the delivery of
services to the public. Note, however, that this does
not translate into an acceptance of failures that
result from taking an inappropriate level of risk. The
level of appropriate risk is tailored to the environ-
ment. The distinction is critical, particularly in high-
value, high-cost environments, such as human
space flight, the maintenance of the Hubble Space
Telescope, and the launch of the Cassini space-
craft. The risk of failure in those venues is limited by
all practicable means.

Thus, output measures are best used in a suitable
context. For these reasons, NASA management
encourages Space Shuttle program managers to
shunt aside metrics dealing with launches planned
versus launches achieved during a given fiscal
year. If, by waiting, one less launch is achieved
than planned but the result is better safety or qual-
ity or enables improved performance or reduces
risk, then that latter result is what we want to
incentivize.

We have met with little success in past efforts to
marry conventional output measures to these other
parameters to derive a quantitative performance
metric. Instead, we have determined that asking
independent experts to review both quantitative
and qualitative measures and to come up with an
integrated score is a better approach.

For the purpose of assessing NASA's overall perfor-
mance, we will ask our advisory committees to eval-
uate accomplishments at the level of the Enterprise
and Crosscutting Process objectives, integrating not
only quantitative output measures but also balancing
these in the context of safety, quality, high perfor-
mance, and appropriate risk. The advisory commit-
tees will be asked to assign a rating of “red, yellow,
or green” to measure the progress made against
each of the objectives and to provide a narrative
explanation. These objectives are identified in both
the Strategic Plan and this Performance plan and are
provided below. The advisory committees will also
take into account NASA's performance against the
11 “performance goals” called out in the President’s
Budget Request for Fiscal Year 2000, subject to such
adjustments as may be necessary by the action of
Congress on the President’s request.




Space Science Enterprise

Solve mysteries of the universe

Explore the solar system

Discover planets around other stars

Search for life beyond Earth

Develop innovative technologies for Enterprise
missions and for external customers
Incorporate education and enhanced public
understanding of science as integral compo-
nents of Space Science missions and research

Earth Science Enterprise

Understand the causes and consequences of
land-cover/land-use change

Predict seasonal-to-interannual climate varia-
tions

Identify natural hazards, processes, and mitiga-
tion strategies

Detect long-term climate change, causes, and
impacts

Understand the causes of variation in atmos-
pheric ozone concentration and distribution
Implement open, distributed, and responsive
data system architectures

Develop and transfer advanced remote-sensing
technologies

Extend the use of Earth Science research for
national, State, and local applications

Support the development of a robust commercial
remote-sensing industry

Make major scientific contributions to national
and international environmental assessments

» Define innovative, safe, and affordable human
exploration mission architectures

* Invest in enabling high-leverage exploration
technologies

« In partnership with the scientific community, use
the space environment to explore chemical, bio-
logical, and physical systems

» Provide safe and affordable access to space

* Deploy and operate the International Space
Station to advance scientific, exploration, engi-
neering, and commercial objectives

< Ensure and enhance the health, safety, and per-
formance of humans in space

* Meet strategic space mission operations needs
while reducing costs and increasing standardiza-
tion and interoperability

» Facilitate access to space for commercial
researchers

* Foster commercial participation on the
International Space Station

« Increase the scientific, technological, and acade-
mic achievement of the Nation by sharing our
knowledge, capabilities, and assets

Aero-Space Technology Enterprise

e Contribute to aviation safety—reduce aircraft
accident rate

 Affordable air travel—increase throughput

e Contribute to environmental compatibility—
reduce emissions

e Contribute to environmental compatibility—
reduce noise

» General aviation revitalization

» Next-generation experimental aircraft
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Manage Strategically

Optimize investment strategies and systems to
align human, physical, and financial resources
with customer requirements, while ensuring
compliance with applicable statutes and regula-
tions

Improve the effectiveness and efficiency of
Agency acquisitions through increased use of
techniques and management that enhance con-
tractor innovation and performance

Improve information technology capability and

services

Provide Aerospace Products and

Capabilities

Reduce the cost and development time to deliv-
er products and operational services

Improve and maintain NASA's engineering capa-
bility

Capture and preserve engineering and techno-
logical best practices and process knowledge to
continuously improve NASA's program/project
management

Focus on integrated technology planning and
technology development in cooperation with
commercial industry and other NASA partners
and customers

Generate Knowledge

* Acquire advice

* Plan and set priorities

« Select and fund/conduct research and analysis
programs

» Select and implement flight missions

« Analyze data (initial)

* Publish and disseminate results

* Create archives

» Conduct further research

Communicate Knowledge

* Highlight existing and identify new opportunities
for NASA's customers, including the public, the
academic community, and the Nation’s students,
to directly participate in space research and dis-
covery

« Improve the external constituent communities’
knowledge, understanding, and use of the
results and opportunities associated with NASA's
programs
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Space Science Enterprise
Mission

The primary goal of the Space Science Enterprise
is to chart the evolution of the universe from origins
to destiny and improve understanding of galaxies,
stars, planets, and life. Within this goal, Enterprise
objectives are to solve mysteries of the universe,
explore the solar system, discover planets around
other stars, and search for life beyond Earth. Other
Enterprise goals include developing innovative
technologies to support Space Science programs
and making them available for other applications
that benefit the Nation. Enterprise missions and
research also yield scientific information of value
for future exploration programs. Knowledge and
discoveries will be shared with the public to
enhance science, mathematics, and technology
education and increase the scientific and techno-
logical literacy of all Americans.

Implementation Strategy

The Space Science Enterprise is continuing to
develop new programs through the “faster, better,
cheaper” approach. Program managers are
encouraged to accept prudent risk, shorten the
development time of technologies and missions,
explore new conceptual approaches, streamline
management, and incorporate innovative methods
and technologies to enhance efficiency and effec-
tiveness. Continuing investments in long-term,
high-risk, high-payoff technologies, such as

advanced miniaturization, intelligent systems,

autonomous operations, and simulation-based
design, are key to implementing the Space
Science mission. Collaborative efforts with other
Federal agencies, such as the National Science
Foundation, Department of Defense, and
Department of Energy, as well as with internation-
al partners, play a key role in the implementation

strategy of the Enterprise.

Enterprise Resource Requirements

The President has requested the budget in the
table below for FY 1999 to FY 2004 to support the
accomplishment of Space Science goals.

Performance Measures

While many Space Science Enterprise missions and
programs address more than one goal, Chart 1 allo-
cates each individual program to a single goal that it
most directly serves. Performance will be measured
for the supporting objectives in Chart 1 as follows:

Objective—Solve mysteries of the universe

The Space Science Enterprise will chart the evolu-
tion of the universe and enhance our understanding
of galaxies, stars, and planets. The performance
targets will be to:

* Maintain and improve Chandra X-ray Observatory
(formerly Advanced X-ray Astrophysics Facility)
instrument performance.

» Complete the final integration and test of the Gravity
Probe-B science payload with the spacecratft.

Space Science Budget

FY 99 FY 00 FY 01 FY 02 FY 03 FY04
NOA $M 2,119.2 2,196.6 2,346.8 2,439.4 2,634.4 2,851.8
Civil Servant Full-Time Equivalents 1,865 1,787 1,665 1,654 1,617 1,620
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Successfully install and activate three key
Hubble Space Telescope upgrades during the
third servicing mission: flight computer,
advanced camera, and solar arrays.

Complete the 747 Section 46 mockup test activ-
ity for the Stratospheric Observatory for Infrared
Astronomy (SOFIA).

Deliver the Space Infrared Telescope Facility
(SIRTF) Infrared Array Camera (IRAC),
Multiband Imaging Photometer (MIPS), and
Infrared Spectrograph (IRS) instruments.
Provide the following support for payloads and
Explorer class missions: prepare data archiving
center and instrument analysis software for
INTEGRAL,; assemble and test the breadboard
cooler for Planck; integrate, functionally test,
environmentally qualify, and deliver the Galaxy
Evolution Explorer (GALEX) science instrument;
and begin system-level environmental testing of
the Microwave Anisotropy Probe (MAP)
spacecratft.

Operate the following missions: Compton
Gamma Ray Observatory (CGRO), Far
Ultraviolet Spectroscopic Explorer (FUSE),
Solar, Anomalous, and Magnetospheric Explorer
(SAMPEX), Rossi X-ray Timing Explorer (RXTE),
and the X-ray Spectrometer (XRS) and X-ray
Imaging Spectrometer (XIS) instruments on the
Japanese Astro-E spacecraft.

Undertake the following research and technology
initiatives: complete the Next Generation Space
Telescope (NGST) Developmental Cryogenic
Active Telescope Testbed (DCATT) phase 1;
demonstrate performance of the Superconductor-
Insulator-Superconductor mixer for the hetero-
dyne instrument on the European Space
Agency'’s Far Infrared Space Telescope (FIRST);
demonstrate the prototype instrument for the
Gamma-ray Large Area Space Telescope
(GLAST); successfully launch 25 sounding rocket

missions, and conduct 26 science and technolo-
gy demonstration balloon missions.

Objective—Explore the solar system

Space-based observations of the Sun, the rocky
inner planets, the gas giant outer planets, and solar
system small bodies will expand our understanding
of the nature and history of our solar system. The
performance targets will be to:

* Deliver the Mars 01 Orbiter and Lander science
instruments.

* Meet the milestones for the Mars 03 instrument
selection and initiate the implementation of the
Lander mission, deliver engineering models of
the radio-frequency subsystem and antennas for
the radar sounder instrument to the European
Space Agency for the Mars Express mission, and
select the contractors for the major system ele-
ments of the Mars Surveyor 05 mission.

e Launch and operate the Thermosphere,
lonosphere, and Mesosphere Energetics and
Dynamic (TIMED) mission.

» Provide the following support for payloads and
Explorer-class missions: deliver the electrical qual-
ification models for the four U.S.-provided instru-
ments for the Rosetta Orbiter; complete the
development of Cluster-Il instrument analysis soft-
ware for the one U.S. and five U.S.-partnered
instruments before launch; deliver the High Energy
Solar Spectroscopic Imager (HESSI); deliver all
components for system integration and testing of
the first flight system for the Two Wide-angle
Imaging Neutral-atom Spectrometers (TWINS)
mission; deliver, launch, and operate the Imager
for Magnetopause-to Aurora Global Exploration
(IMAGE); and select two Small Explorer (SMEX)
missions and release a University Explorer
(UNEX) Announcement of Opportunity (AO).
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» Acquire calibrated observational data from the
Japanese Yohkoh high-energy solar physics mis-
sion, including the U.S.-provided Soft X-ray
Telescope (SXT).

e Complete Genesis spacecraft assembly and
start functional testing.

* Release an AO for the next Discovery mission.

e Complete the breadboard of the imager instru-
ment for the Comet Nucleus Tour (CONTOUR)
and award the contract for the propulsion system
after a Preliminary Design Review (PDR).

* Recover playback data from at least one Galileo
flyby of lo.

e Operate and successfully obtain data sets from
the following missions: Mars Climate Orbiter
(MCO), Mars Polar Lander (MPL), Mars Global

(MGS), Earth Asteroid

Rendezvous (NEAR), Transition Region and

Surveyor Near

Coronal Explorer (TRACE), TIMED, Wind,
Cassini, Ulysses, Voyager Interstellar Mission,
Stardust, Fast Auroral Snapshot Explorer

(FAST), Interplanetary Monitoring Platform (IMP-
8), and Advanced Composition Explorer (ACE).
» Undertake the following research and technology
initiatives: complete the system Critical Design
Review (CDR) for the New Millennium Deep
Space-4 (Champollion) project; fabricate and test
15 prototype AMTEC cells and complete the final
design for a 75-watt Advanced Radioactive
Power Source (ARPS); complete and deliver for
testing Solar-B’s four Electrical Engineering
Models; complete STEREO Phase A studies; and
complete a preliminary design for either the
Europa Orbiter or Pluto-Kuiper Express mission,
whichever is planned for earlier launch.

Objective—Discover planets around other stars

Advancements in interferometric observing will
eventually enable us to detect and characterize

Earth-sized planets orbiting distant stars. Toward
that goal, the performance targets for FY 2000 will
be to:

« Demonstrate that Remote Manipulator System
optical path difference can be controlled at
1.5 nanometers with the Space Interferometry
Mission (SIM) System Testbed (STB) operating
in an emulated on-orbit mode.

« Complete and deliver a technology development
plan for the Terrestrial Planet Finder (TPF) mis-
sion.

» Test the development of an interferometer pro-
gram for connecting the twin Keck 10-meter tele-
scopes with an array of four 2-meter-class
outrigger telescopes.

Objective—Search for life beyond Earth

The Europa Orbiter will orbit Jupiter’s ice covered
moon to determine whether there is an underlying
ocean. Possibly the only other object in our solar
system with a liquid water environment, Europa is
a major location for the search for extraterrestrial
life. The performance targets for FY 2000 for this
mission, which is in the developmental stage, will
be to:

» Successfully complete a PDR.
* Begin the integration and test of the Avionics
Engineering Model.

Objective—Develop innovative technologies for
Enterprise missions and for external customers

Enterprise-supported technological advances pro-
vide fundamental capabilities that enable mis-
sions, reduce costs, increase safety, and open up
new opportunities. Important technology develop-
ment activities that are focused on specific objec-
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performance targets for those objectives. Other

Enterprise technology programs are more widely
applicable. The performance targets for these pro-
grams will be to:

» Demonstrate the search, discovery, and fusion of
multiple data products at a major science meet-
ing, accomplish and document the infusion of
five information systems research and technolo-
gy efforts into flight projects or the broad
research community, and enable two interdisci-
plinary collaborations.

» Demonstrate software-implemented fault toler-
ance for science teams’ applications on a first-
generation embedded computing testbed for the
Remote Exploration and Experimentation ele-
ment of the High Performance Computer and
Communications (HPCC) program.

 Deliver to the X2000 First Delivery project the
first engineering model of an integrated avionics
system that includes the functionality of com-
mand and data handling, attitude control, power
management and distribution, and science pay-
load interface.

Note that the following two sections repeat targets
that are also identified as key parts of the science
program documented in previous sections. They
are called out again in these sections to highlight
the fact that these missions also support the objec-
tives and the efforts of other Enterprises.

Objective—Investigate the composition,
evolution, and resources on Mars, the Moon,
and small bodies

To support decisions on human exploration beyond
low-Earth orbit, there will be a need for scientific
information for operation on other bodies and uti-
lization of their resources. Many Enterprise pro-

grams will also contribute valuable information; the
performance targets for some of the most directly
applicable programs will be to:

« Deliver the Mars 01 Orbiter and Lander science
instruments.

* Meet the milestones for the Mars 03 instrument
selection and initiate the implementation of the
Lander mission, deliver engineering models of
the radio-frequency subsystem and antennas for
the radar sounder instrument to the European
Space Agency for the Mars Express mission, and
select the contractors for the major system ele-
ments of the Mars Surveyor 05 mission.

e Operate the following missions: MCO, MPL,
MGS, and NEAR.

Objective—Improve the reliability of space
weather forecasting

A human exploration program will also need scien-
tific information about solar activity and the inter-
planetary radiation environment, which also has a
variety of terrestrial impacts. The performance tar-
gets from some of the Enterprise scientific pro-
grams most applicable to this objective will be to:

* Operate the following missions: TRACE, Wind,
IMP-8, and ACE.

e Deliver and operate HESSI and the TIMED
mission.

« Complete the STEREO Phase A studies.

Objective—Incorporate education and
enhanced public understanding of science
as integral components of Space Science
missions and research

Space Science missions and research programs
make a unique contribution to education and the




public understanding of science. Providing a
steady return of discoveries and new knowledge
contributes to the accomplishment of this objective.
The performance targets will be to:

» Each new Space Science mission will have a
funded education and outreach program.

» By the end of FY 2000, 10 percent of all Space
Science research grants will have an associated
education and outreach program under way.

e Twenty-six States will have Enterprise-funded
education or outreach programs planned or
under way.

e At least five research, mission development/
operations, or education programs will have
been planned/undertaken in Historically Black
Colleges and Universities, Hispanic Serving
Institutions, or Tribal Colleges, with at least one
project under way in each group.

At least three national and two regional educa-
tional or outreach conferences will be supported
with a significant Space Science presence.

« At least three exhibits or planetarium shows will
be on display.

* An online directory providing enhanced access
to major Space Science-related products and
programs will be operational by the end of the fis-
cal year.

e A comprehensive approach to assessing the
effectiveness and impact of the Space Science
education and outreach efforts will be under
development, with a pilot test of the evaluation
initiated.

Internal Assessment

The Space Science program consists of numerous
diverse components whose performance must
each be assessed in an appropriate way. For some
program elements, such as mission development,

the achievement of major milestones is easily iden-
tified through routine project management reviews.
For missions in an operational phase, success can
be gauged in terms of operating efficiency or major
data sets returned; these can also be assessed by
a straightforward analysis of mission records. For
technology programs, progress can be predicted
and measured in terms of technical capabilities
achieved or successful laboratory or flight tests. In
each of these cases, performance assessment
data can be retrieved from normal project manage-
ment reporting during the course of the fiscal year.

External Assessment

For the basic research in science and technology
and data analysis programs, however, accurate
evaluation must consider important contextual fac-
tors, such as the relative value of the research
objectives, progress toward those objectives, pro-
ductivity by prevailing research community stan-
dards, and impact on related research funded or
performed by other agencies or focused even on
different objectives. Simple quantitative measures,
such as the number of grants or scientists support-
ed, publication counts, or research citations, are
not able to capture these important aspects of the
evaluation requirement. The demonstrated best
way to assess research programs has been
demonstrated to be a peer review or visiting com-
mittee approach. Evaluators must be external to
the Agency, and they must be recognized experts
in the areas concerned, with due attention to
The
Enterprise will employ this mechanism, conducted

potential bias and conflicts of interest.

by an independent entity such as the National
Research Council, to qualitatively assess progress
on a regular basis in all its programs in basic
research and data analysis. The reviews will be for-
mally structured and will determine whether these
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investigation programs are fully effective, are not
as strong as desired but have returned results of
significant value, or are not scientifically or techno-
logically competitive. The review process will also
identify those programs that have produced impor-
tant unexpected results or have contributed to an
unanticipated degree to other research. The per-

formance target for each of these programs
assessed in this way will be to:

» Earn a rating of “Fully Effective” against stated
program goals by an independent program
assessment.

ASA
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Earth Science Enterprise

Mission

The Earth Science Enterprise mission is to under-
stand the total Earth system and the effects of natur-
al and human-induced changes on the global
environment. The programs of the Enterprise
advance the new discipline of Earth System Science,
with a near-term emphasis on global climate change.
Both space- and ground-based capabilities yield new
scientific understanding of Earth and practical bene-
fits to the Nation. The research results will contribute
to the development of environmental policy and eco-
nomic investment decisions. The Enterprise mission
includes the development of innovative technologies
to support Earth Science programs and make them
available for solving practical societal problems in
agriculture and food production, water resources, and
national resource management that provide benefits
to the Nation. Knowledge and discoveries will be
shared with the public to enhance science, mathe-
matics, and technology education and increase the
scientific and technological literacy of all Americans.

Implementation Strategy

The Earth Science Enterprise conducts global and
regional research requiring the vantage point of
space. New programs will be developed and
deployed through the “faster, better, cheaper”
approach. Program managers are encouraged to
accept prudent risk, shorten the development time
of technologies and missions, explore new con-
ceptual approaches, streamline management, and
incorporate innovative methods to enhance effi-

ciency and effectiveness. The programs of the
Enterprise contribute to the U.S. Global Change
Research Program and are conducted in collabo-
ration with 10 other U.S. Federal agencies and 13
nations. Cooperative research programs with
national and international partners will continue to
play a key role in the implementation strategy of
the Enterprise.

The same spirit of innovation that embodies the
Earth Science flight programs applies to technolo-
gy development. Long-term, high-risk, high-payoff
technologies are key to implementing the Earth
Science mission. The Enterprise priorities feature
near-term product milestones on a path of long-
term inquiry. Obtaining data from the private sector
is an emerging feature of the Enterprise strategy.
This will reduce Agency costs and encourage the
growth of the commercial remote-sensing industry.

Enterprise Resource Requirements

The President has requested the budget in the
table below for FY 1999 to FY 2004 to support the
accomplishment of Earth Science goals.

Performance Measures

To meet the near-term goals displayed in Figure 2,
the following objectives will be measured:

Objective—Understand the causes and conse-
guences of land-cover/land-use change

The carbon cycle is one of the major Earth system
processes influencing global climate. Key elements

Earth Science Budget

FY 99 FY 00 FY 01 FY 02 FY 03 FY04
NOA $M 1,413.8 1,459.1 1,462.8 1,420.5 1,373.0 1,424.4
Civil Servant Full-Time Equivalents 1,520 1,542 1,575 1,570 1,623 1,655




of NASA contributions are monitoring land-cover
changes and measuring terrestrial processes and
ocean biological processes to estimate carbon
uptake. An important unknown in the carbon cycle
are seasonal rates of carbon storage in the ocean,
which are caused by the activity of phytoplankton,
which can be monitored from space. In addition to
observations, NASA invests in research, data
analysis, and modeling projects toward understand-
ing the role of marine and terrestrial ecosystems in
the global carbon cycle. The performance targets
will be to:

e Continue the development of a global land-
cover/use change data set based on Landsat
and Earth Observing System (EOS) instruments,
at a seasonal refresh rate.

» Continue to collect near-daily global measure-
ments of the terrestrial biosphere (an index of
terrestrial photosynthetic processes from which
calculations of carbon uptake are made) from
instruments on the EOS AM-1 spacecraft.

e Continue the ocean color time series with
60-percent global coverage every 4 days—a
35-percent improvement over FY 1999.

e SIMBIOS will merge Moderate Resolution
Imaging Spectrometer (MODIS) ocean color data
into the global ocean color time series, which
began with the Ocean Color Temperature Sensor
(OCTS) and the Sea-viewing Wide Field-of-view
Sensor (SeaWiFS). Use the time series to under-
stand and predict the response of the marine
ecosystem to climate change. The data set will be
made available via the Goddard Space Flight
Center Distributed Active Archive Center (DAAC).

* Produce near-real-time fire monitoring and
impact assessments based on Landsat and EOS
inventory and process monitoring. This will pro-
vide an observational foundation for monitoring
change in ecosystem productivity and distur-

bance. Near-real-time assessments will be post-
ed on a web site for quick access by researchers
and regional authorities.

Objective—Predict seasonal-to-interannual
climate variations

In FY 2000, the Earth Science Enterprise will con-
tinue to invest in observations, research, data
analysis, and modeling in this area. The Tropical
Rainfall Measuring Mission (TRMM), launched in
1997, will continue to gather information on rainfall
in the tropics, where two-thirds of global precipita-
tion falls. This is the key to understanding Earth’s
hydrological cycle, one of the three major process-
es driving climate change, and the global heat bal-
ance, which drives seasonal change. Current
uncertainty in global tropical rainfall estimates is
50 percent; TRMM data will reduce this uncertain-
ty to 10 percent, an 80-percent improvement. The
performance targets will be to:

« Establish a benchmark for global and regional
rainfall measurements by combining TRMM
measurements with measurements from other
sources. Maps of the diurnal cycle of precipita-
tion will be created for the first time. The existing
10-year data set will be combined with TRMM
measurements to validate climate models and
demonstrate the impact of rainfall on short-term
weather forecasting. The data will be distributed
through the Goddard DAAC for ease of access to
science and operational users.

» Develop and improve methods to couple state-
of-the-art land surface and sea ice models to a
global coupled ocean-atmosphere model and
use them to predict regional climactic conse-
guences of El Nifio or La Nifia occurrence in the
tropical Pacific. The results of this research will
be published in open literature and provided to
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the National Oceanic and Atmospheric

Administration’s National Climate Prediction

Center and the U.S. Navy's Fleet Numeric

Prediction Center. The ultimate goal is to devel-

op a capability to significantly improve the pre-

diction of seasonal-to-interannual climate
variations and their regional climate conse-
quences. The main focus is on North America.

* Measure production and radiative properties of
aerosols produced by biomass burning in Africa
based on SAFARI 2000 (field experiment) and
EOS instruments. This will include extensive
international participation. This burning is esti-
mated to contribute one-half of all global atmos-
pheric aerosols.

« Launch the NASA-Centre Nationale d’Etudes
Spatiales (CNES) Jason-1 mission. This follow-
on to TOPEX/Poseidon is to achieve a factor-of-
4 improvement in accuracy in measuring ocean
basin-scale sea-level variability. This is 1 order of
magnitude better than
TOPEX/Poseidon.

e Generate the first basin-scale high-resolution

that specified for

estimate of the state of the Pacific Ocean as part
of the international Global Data
Assimilation Experiment (GODAE).

Ocean

Objective—Identify natural hazards,
processes, and mitigation strategies

The Earth Science Enterprise will use a combina-
tion of space-based and airborne assets to monitor
and assess impacts of natural hazards, such as
volcanoes, earthquakes, forest fires, hurricanes,
floods, and droughts. The short-term objective is to
assess impacts of these events on national and
international agriculture, food production, water
resources, commerce, and so on. The long-term
objective is to apply the scientific understanding
toward developing a predictive capability.

In FY 2000, the Earth Science Enterprise will con-
tinue to provide the technology and instruments to
allow for the collection of interferometric Synthetic
Aperture Radar (SAR) data. This will enable the first
consistent global topography data record collected
from space, and it will have a variety of applications,
including assessing flood hazards, laying out new
roadways and pipelines, and providing airline oper-
ators with detailed elevation data for remote areas.
The performance targets will be to:

* Use southern California Global Positioning
System (GPS) array data to understand the con-
nection between seismic risk and crustal strain
leading to earthquakes.

* Develop models to use time-varying gravity
observations for the first time in space.

« Demonstrate the utility of spaceborne data for
floodplain mapping with the Federal Energy
Management Agency.

» Develop an automatic volcano cloud/ash detec-
tion algorithm employing EOS data sets for use
by the Federal Aviation Administration.

Objective—Detect long-term climate change,
causes, and impacts

In FY 2000, information on global and regional stud-
ies of temperature and precipitation drivers will con-
tinue to be collected to measure the solar radiation
reaching Earth. Clouds and aerosols (suspended
particles in the atmosphere such as dust, sulfate,
and smoke) determine the fate of this radiation in the
atmosphere and affect Earth’s energy balance. The
MODIS, Multi-Angle Imaging Spectroradiometer
(MISR), and Advanced Spaceborne Thermal
Emission and Reflection Radiometer (ASTER)
instruments will collect these measurements. These
data, distributed through the Goddard DAAC, com-
bined with data from the Clouds and Earth’s Radiant




Energy System, will enable NASA to estimate solar
and infrared radiative fluxes, which in turn will deter-
mine the heating and cooling of Earth and its atmos-
phere. The current uncertainty in Earth’s radiation
balance is about a 15-watt-per-square-meter month-
ly mean over 100- by 100-kilometer areas. The per-
formance targets will be to:

» Complete the collection of satellite data needed
for the 17-year cloud climatology being devel-
oped under the International Satellite Cloud
Climatology Project. These data will be used to
improve understanding and modeling of the role
of clouds in climate and will be available through
the Goddard DAAC.

» Continue the development of the global aerosol
climatology data set and analysis of this climatol-
ogy in climate models. The data will be available
through the Goddard DAAC.

e Provide for the continuation of the long-term,
precise measurement of the total solar irradiance
with the launch of EOS ACRIM.

e Acquire, through a Radarsat repeat of the
Antarctic Mapping Mission conducted in
September—October 1997, a second set of high-
resolution radar data over all of Antarctica for
comparison with the baseline data set acquired
in 1997, to identify changes on the ice sheet.

» Publish the first detailed estimates of thicken-
ing/thinning rates for all major ice drainage
basins of the Greenland ice sheet, derived from
repeated airborne laser-altimetry surveys. These
measures will represent the baseline data set to
compare with early Geoscience Laser Altimeter
System (GLAS) data (July 2001 launch).

* Initiate a program of airborne mapping of layers
within the Greenland ice sheet to decipher the
impact of past climate variation on polar regions.

» Develop a remote-sensing instrument/technique
for ocean surface salinity measurements from

aircraft. The goal is to improve measurement
accuracy to 1 order of magnitude better than
available in FY 1998. The ultimate goal is the
capability to globally measure sea surface salin-
ity from space.

« Continue to improve the design and sophistica-
tion of a global climate system model, including
use of higher resolution, to make it a state-of-the-
art climate system model for projecting the cli-
matic consequences at the regional level.
Evidence of improvement will be increased reso-
lution from added computing power and better
numerical representations.

Objective—Understand the causes of variation
in atmospheric ozone concentration and
distribution

NASA's contribution in this area is to develop and
operate space-based and airborne instruments
that will map the fluctuations in ozone and related
constituent gas in the atmosphere. In addition,
NASA has a focused research and modeling effort
The Total
Spectrometer (TOMS) will continue to collect infor-

in this area. Ozone Mapping
mation of the ozone content as the total column of
Earth’'s atmosphere. The performance targets in
FY 2000 will be to:

* Implement the Stratospheric Aerosol and Gas
Experiment (SAGE IIl) Ozone Loss and Validation
Experiment. Measurements will be made from
October 1999 to March 2000 in the Arctic/high-
latitude region from the NASA DC-8 and ER-2
aircraft and balloon platforms. These tools will
help acquire correlative data to validate SAGE Il
data and assess high-latitude ozone loss.

e Complete the analysis and publication of the
Particle Environment Monitor (PEM)-Tropics-B
field experiment.
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» Complete the Troposphere Chemistry aircraft
instrument size and weight reductions (by
approximately 40 percent) initiative.

» Complete the planning for major new 2001 air-
borne/unmanned aerospace vehicle missions
that will use a smaller Troposphere Chemistry
aircraft instrument.

Objective—Implement open, distributed, and
responsive data system architectures

The dissemination of information resulting from
Earth Science research is accomplished through
the Earth Observing System Data and Information
System (EOSDIS) and will continue to be a high
priority in FY 2000. Distribution systems will be
improved and new methods will be developed to
place data in the hands of Earth Science cus-
tomers in a timely manner through open, distrib-
uted, and responsive data system architectures.
EOSDIS performance targets will be to:

e EOSDIS will make available data on prediction,
land surface, and climate to users within 5 days.

» EOSDIS will double the volume of data archived
compared to FY 1998.

» EOSDIS will increase the number of distinct cus-
tomers by 20 percent compared to FY 1998.

e EOSDIS will increase products delivered from
the DAAC's by 10 percent compared to FY 1998.

Objective—Increase public understanding of
Earth Science through education and outreach

Earth Science missions and research programs
make a unique contribution to education and the
public understanding of Earth science. They pro-
vide a steady return of discoveries, and new knowl-
edge contributes to the accomplishment of this
objective. The Enterprise will continue to sponsor

research awards through NASA's Graduate
Student Research Program. The performance tar-
gets will be to:

e Award 50 new graduate student/education
research grants and 20 early career postdoctor-
al fellowships in Earth Science.

« Conduct at least 300 workshops to train teachers
in the use of Earth Science Enterprise education
products.

* Increase the number of schools participating in
Global Learning and Observations to Benefit the
Environment (GLOBE) to 10,500, a 30-percent
increase over FY 1999. Increase participating
countries to 77 from 72 in FY 1999.

Objective—Develop and transfer advanced
remote-sensing technologies

In collaboration with partners in industry and acad-
emia, the Enterprise will develop and demonstrate
new technologies of value to remote-sensing
research. The performance targets will be to:

* Achieve a 50-percent reduction in mass for
future land imaging instruments.

« Transfer at least one technology development to
a commercial entity for operational use.

« Advance at least 25 percent of funded instrument
technology developments one Technology
Readiness Level (TRL) to enable future science
missions and reduce their total cost.

Objective—Extend the use of Earth Science
research for national, State, and local
applications

Because the Earth Science Enterprise addresses
science questions of societal importance, the

research performed also leads to practical




applications. The Enterprise works with national,
State and local government entities to help them
develop remote-sensing applications products to
address issues of importance to them. These
include agricultural productivity, natural resources
management, and urban and regional planning.
The performance targets will be to:

 Have at least one Regional Earth Science
Applications Center (RESAC) become self-sus-
taining. Continue funding for the remaining cen-
ters.

» Develop at least two new data products for rou-
tine decisionmaking by user organizations
involved in Type 3 Earth Science Information
Partner (ESIP) cooperative agreements and the
Agriculture, Forestry and Rangeland Coop
Agreements and Grants.

* Implement at least five joint applications research
projects/partnerships with State and local govern-
ments in remote-sensing applications.

Objective—Support the development of a
robust commercial remote-sensing industry

NASA is committed to a growing relationship with

the commercial remote-sensing industry to
enhance the utility of Earth Science information in
the U.S. economy. Commercial firms are both
potential sources of science-quality remote-sens-
ing data, and producers of “value-added” informa-
tion products from U.S. research satellites. The

performance targets will be to:

» Focus Earth Observation Commercialization
Applications Program (EOCAP) joint commercial
applications research to develop 20 new market
commercial products (such as oil spill contain-
ment software by EarthSat and map sheets prod-
ucts by ERDAS, Inc.).

* Provide three commercial sources of science
data from the Scientific Data Purchase for global
change research and applications.

» Develop two new validated commercial informa-
tion products as a result of verification and vali-
dation partnerships with industry.

Objective—Make major scientific contributions
to national and international environmental
assessments

Because of the nature of the discipline, it is vital
that Earth Science research be conducted through
cooperation and partnerships with other agencies
and with other countries. The Enterprise will con-
tinue to contribute scientific knowledge and obser-
vations and modeling results to national and
international scientific environmental assessments.
The performance targets will be to:

e Sponsor two regional assessment studies of
environmental variations and natural resources
vulnerability.

e Complete the contribution to the First National
Assessment of the Potential Consequences of
Climate Variability and Change: provide climate
scenario information, support the national syn-
thesis, conduct several regional U.S. analyses,
and provide supporting research for sector
analyses. Provide information to the U.S.
National Assessment Coordination Office.

« Conduct the first regional international assess-
ment in South Africa. Quantify the effects of cli-
mate variability and management practices on
the environment. Publish in open literature, and
provide analyses to the Intergovernmental Panel
on Climate Change (IPCC) for their 2000 assess-
ment report.

 Provide the first global, regional, and country-by-

country forest cover inventory in support of the
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national and international needs of research,

operational, and policy communities. Publish and
IPCC and the
Geosphere-Biosphere Programme for their 2000

provide to International

assessment report.

General Earth Science performance measure
—Successfully launch spacecraft

The Earth Science Enterprise will successfully
launch three spacecraft and deliver two instru-
ments for international launches within 10 percent
of budget on average.

Internal Assessment

The Earth Science Enterprise will regularly review
performance objectives as part of our existing
monthly review process. Using a data base to track
current performance monthly for each specific
FY 2000 target will enable the Enterprise to focus
on targets that need improvement. Enterprise man-
agement will institute measures to ensure

improvement.

Because the Earth Science Enterprise is a scientif-
ic endeavor, many of its measures involve scientif-
ic results. These are subject to peer review, both in
the selection of the science investigation and in the
reporting of findings in the scientific literature.
Where the metric is the production of data prod-
ucts, these must be archived in the Enterprise’s
information system, where their availability can be
confirmed via an Internet query. Metrics address-

ing scientific assessment activities result in formal,
published reports that are readily identified.

External Assessment

The Earth System Science and Applications
Advisory Committee (ESSAAC) will conduct an
annual assessment of the Enterprise’s near-term
science objectives. This committee will provide a
qualitative progress measurement (Green, Yellow,
or Red). “Green” will indicate that the objective was
met; “Yellow” will signify a concern that an objective
was not fully accomplished; and “Red” will show
that events occurred that prevented or severely
impaired the accomplishment of the objective. The
assessment will include commentary to clarify and
supplement the qualitative measures.

ESSAAC is a committee of the NASA Advisory
Council under the Federal 