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NASA’s Performance and Accountability Report
The National Aeronautics and Space Administration (NASA) produces an annual Performance and Accountability 
Report (PAR) to share the Agency’s progress toward achieving its Strategic Goals with the American people. In addi-
tion to performance information, the PAR also presents the Agency’s financial statements as well as NASA’s manage-
ment challenges and the plans and efforts to overcome them. 

NASA’s Fiscal Year (FY) 2011 PAR satisfies many U.S. government reporting requirements, including the Government 
Performance and Results Act Modernization Act of 2010, the Chief Financial Officers Act of 1990, and the Federal 
Financial Management Improvement Act of 1996.

NASA’s FY 2010 PAR contains the following sections:

Management’s Discussion and Analysis 
The Management’s Discussion and Analysis (MD&A) section (see page 1) highlights NASA’s overall performance; 
including programmatic, financial, and management activities. The MD&A includes a description of NASA’s organiza-
tional structure and describes the Agency’s performance management system and management controls (i.e., values, 
policies, and procedures) that help program and financial managers achieve results and safeguard the integrity of 
NASA’s programs.

Detailed Performance
The Detailed Performance section (see page 39) provides more in-depth information on NASA’s progress toward 
achieving milestones and goals as defined in the Agency’s 2011 Strategic Plan and NASA’s FY 2011 Performance Plan. 
It also includes plans for correcting performance measures that NASA did not achieve in FY 2011 and an update on 
the measures that NASA did not complete in FY 2010.

Financials
The Financials section (see page 187) includes the Agency’s financial statements, the audit results submitted by 
independent accountants in accordance with government auditing standards, and the Agency’s response to the audit 
findings.

Other Accompanying Information
The Other Accompanying Information (OAI) section (see page 245) includes the Inspector General’s statement on 
NASA’s management and performance challenges, the status of the Agency’s follow-up actions on the Inspector 
General’s audits, an Improper Payments Information Act assessment, a summary of the financial statement audit and 
management assurances, and NASA’s Missions at a Glance, which provides more details about NASA flight missions 
mentioned in the PAR.

NASA’s PAR is produced by the Office of the Chief Financial Officer’s Strategic Investments Division, with contract 
support by The Tauri Group. If you have questions about NASA’s PAR, please e-mail hq-dl-parteam@mail.nasa.gov.

This document is available online at http://www.nasa.gov/news/budget/index.html.

Cover photo: Atlantis’ chute slows the Space Shuttle on the runway at Kennedy Space Center, bringing the last Shuttle mission—STS-135—to 
a successful close. Onboard are STS-135 Commander Chris Ferguson, Pilot Doug Hurley, and Mission Specialists Sandra Magnus and Rex 
Walheim. (Credit: NASA/K. Allen)

mailto:hq-dl-parteam%40mail.nasa.gov?subject=FY%202011%20PAR
http://www.nasa.gov/budget
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Message from the Administrator

I am pleased to present NASA’s fiscal year (FY) 2011 Performance and Accountability 
Report (PAR). This report allows us to share our FY 2011 successes and setbacks 
with the American people as we strive to achieve our Mission. The performance and 
financial information in the PAR also provides valuable insight into our stewardship of 
taxpayer dollars and the resources entrusted to NASA. 

FY 2011 was a year of remarkable change for NASA. As we closed the door on 30 
years of Space Shuttle flights, we opened the door to a new era of exploration and 
took our critical first steps on that path. We unveiled a new Strategic Plan with NASA’s 
new Vision and long-term goals to guide our activities and priorities over the next 
decade while continuing our commitment to NASA’s core values of Safety, Integrity, 
Teamwork, and Excellence. 

This year, we turned a page in space exploration history as we said a heartfelt farewell to the Space Shuttle. Between 
the first launch on April 12, 1981, and the final landing on July 21, 2011, NASA’s Space Shuttle fleet—Columbia, Chal-
lenger, Discovery, Atlantis, and Endeavour—flew 135 missions, helped construct the International Space Station (ISS), 
and inspired generations. The orbiters Discovery, Atlantis, and Endeavour are undergoing preparations to be delivered 
to museums across the country, where they will continue to inspire the next generation of explorers and remind us of 
what the vision and dedication of a Nation can accomplish. 

Retiring the most recognizable icon of U.S. space exploration was not an easy decision, but it was the right one. The 
time has come for us to set our sights on a new era of exploration. We are stimulating efforts within the private sector and 
paving the way for a robust U.S. commercial capability to take both crew and cargo safely to the ISS and low Earth orbit. 
Our commercial partners are making substantial progress as evidenced by the successful orbital test of the Dragon 
capsule on the Falcon 9 rocket in December 2010, which is a key milestone toward the spacecraft rendezvousing with 
the ISS in the next year. 

While the commercial sector is focused on low Earth orbit access, we have set our sights on a new space exploration 
system that will take humans far beyond Earth. In September 2011, we selected the design for this new space explora-
tion system—a heavy-lift rocket that will be America’s most powerful since the Saturn V rocket that carried Apollo astro-
nauts to the Moon. The Space Launch System (SLS) will be able to launch humans to asteroids, Mars, and other deep 
space destinations. This critical design decision will create jobs here at home and provide the cornerstone for America’s 
future human space exploration efforts.  

Space exploration is not just about innovation and discovery, it is a story of perseverance. Often, it takes years to watch 
a project come to fruition—but the rewards are well worth the wait. NASA’s scientific discoveries just keep coming 
and coming, based on that perseverance. In September 2007, we launched the Dawn spacecraft to the asteroid belt 
between Mars and Jupiter to learn more about the two largest asteroids, Vesta and Ceres, after more than five years 
since Dawn was selected as a mission. In July 2011, after a journey of more than a billion miles, and more than three 
and a half years, Dawn achieved orbit around Vesta. With a diameter of 330 miles (530 kilometers), Vesta is the second 
most massive object in the asteroid belt, second only to Ceres. Dawn will orbit Vesta for a year before moving on to 
Ceres. Dawn’s science instruments will measure surface composition, topography, and texture. Dawn will also measure 
the tug of gravity from Vesta and Ceres to learn more about their internal structures. Studying these two giant asteroids 
will not only help scientists unlock the secrets of our solar system’s early history, but it will also provide us with valuable 
information for the future exploration of these bodies and greater insight into how we might address any asteroids that 
pose a threat to Earth. 

November 15, 2011
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We are proud of the progress we made this year. You will find highlights of our programmatic and fiscal activities in the 
Management’s Discussion and Analysis section of this report. However, I encourage you to read the Detailed Perfor-
mance section to learn more about our successes and setbacks. For the setbacks, you will find detailed information on 
the causes and what we plan to do to get back on track. I also encourage you to peruse the Financials section of this 
report, to get a better understanding of how we are managing our resources—your tax dollars. Included in that section 
are letters and reports from our external auditors and our Inspector General that speak to our progress.

NASA makes every effort to ensure that performance data are subject to the same attention to detail as is devoted to 
our scientific and technical research. With this in mind, I can provide reasonable assurance that the performance data 
in this report are reliable and complete. Any data limitations are documented explicitly in the report.

In addition, NASA accepts the responsibility of accounting for and reporting on its financial activities. During FY 2011, 
NASA received an unqualified “clean” opinion on its financial statements. This significant achievement resulted from 
the efforts of dedicated personnel across the Agency, a sound system of financial controls, and adherence to our 
Comprehensive Compliance Strategy and Continuous Monitoring Program. In addition, we continue to be in substantial 
compliance with the Federal Financial Management Improvement Act. Based on the results of this year’s efforts, I am 
able to provide reasonable assurance that this report’s financial data are reliable and complete.

To meet national needs, President Barack Obama has given NASA and our partners a grand challenge to out-innovate, 
out-educate, and out-build our competitors, and to create new capabilities that will take us farther into the solar system 
while learning about our place in it. Our accomplishments this year herald our progress toward meeting this grand 
challenge. The hard work, expertise, and dedication of NASA’s employees and partners have enabled us to come this 
far, and will be critical as we continue to do the big things only NASA can do and challenge ourselves as a people to 
reach our highest potential. As we close this fiscal year and begin another, we will continue our commitment to being 
an exceptional resource for exploration, innovation, discovery, and education for this Nation, and we look forward to the 
challenges and opportunities that the next year will bring us.

Charles F. Bolden, Jr. 
Administrator
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Fiscal Year 2011Welcome to NASA

NASA was created by the National Aeronautics and Space Act of 1958 to provide for research into problems of flight 
within and outside the Earth’s atmosphere and to ensure that the United States conducts activities in space devoted 
to peaceful purposes for the benefit of mankind. In 2010, the President unveiled an ambitious new direction for NASA, 
laying the groundwork for a sustainable program of exploration and innovation. Called the National Space Policy, this 
direction extends the life of the International Space Station (ISS), supports the growing commercial space industry, and 
addresses important scientific challenges. It also continues NASA’s commitment to robust human space exploration, 
science, and aeronautics programs. Later in 2010, Congress passed the NASA Authorization Act of 2010, which pro-
vided the Agency important guidance on program content and conduct. 

On February 14, 2011, NASA released a new Strategic Plan that embraces the spirit, principles, and objectives of this 
and other recent policies and legislation.1 The plan introduced a new framework for outlining NASA’s strategic direction.  

The plan included a Vision statement2 and a new Mission statement.

The following overarching strategies, as defined in the 2011 Strategic Plan, govern the management and conduct of 
NASA’s aeronautics and space programs. These are standard practices that each organization employs in developing 
and executing their plans to achieve the Agency’s strategic goals and annual performance plan. They also provide a 
framework that guides the way NASA supports other areas of national and Administration policy: government transpar-
ency; science, technology, engineering, and mathematics (STEM) education; energy and climate change; innovation; 
and increased citizen and partnership participation to help address challenges faced by the Nation.

•	 Investing in next-generation technologies and approaches to spur innovation;

•	 Inspiring students to be the future scientists, engineers, explorers, and educators through interactions with NASA’s 
people, missions, research, and facilities;

•	 Expanding partnerships with international, intergovernmental, academic, industrial, and entrepreneurial communi-
ties and recognizing their role as important contributors of skill and creativity to NASA’s missions and for the propa-
gation of NASA’s results;

1. In 2006, the Administration published the National Aeronautics Research and Development Policy, guiding the Nation’s goals in 
aeronautics technology research and development. 
2. Although NASA has had Vision statements in the past, for the 2006 Strategic Plan NASA senior management chose to not include 
a Vision statement.

The NASA Mission
Drive advances in science, technology, and exploration  

to enhance knowledge, education, innovation, economic 
vitality, and stewardship of Earth.

The NASA Vision
To reach for new heights and reveal the unknown,  

so that what we do and learn will benefit all 
humankind.

http://history.nasa.gov/spaceact.html
http://www.nasa.gov/mission_pages/station/main/
http://www.nasa.gov/pdf/516579main_NASA2011StrategicPlan.pdf
http://www.aeronautics.nasa.gov/releases/12_21_07_release.htm
http://www.nasa.gov/pdf/142302main_2006_NASA_Strategic_Plan.pdf
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4 Management’s Discussion and Analysis

NASA’s science, research, and technology development work is focused and implemented through three mission 
directorates and assisted by the mission support directorate. Additionally, NASA has three offices that directly support 
NASA’s Mission and Vision. 

The Aeronautics Research Mission Directorate (ARMD) explores early-stage concepts and ideas, develops new 
technologies and operational procedures through foundational research, and demonstrates the potential of promising 
new vehicles, operations, and safety technology in relevant environments. ARMD is focused on cutting-edge research 
and technologies to overcome a wide range of aeronautics challenges for the Nation’s current and future air transporta-
tion system. 

The Human Exploration and Operations (HEO) Mission Directorate was newly formed in August 2011. It merged 
the Exploration Systems and Space Operations Mission Directorates, creating an organization dedicated to enabling 
human and robotic space exploration. HEO operates the International Space Station and is developing technologies 
and capabilities for human exploration beyond low Earth orbit.  It manages the commercial crew and cargo develop-
mental programs, construction of the Orion Multi-Purpose Crew Vehicle, development of a new heavy lift rocket known 
as the Space Launch System, launch operations, space communications, rocket propulsion testing, human health and 
safety, and exploration technology development, the latter to enable human exploration of deep space. 

The Science Mission Directorate (SMD) conducts the scientific exploration of Earth, the Sun, the solar system, and 
the universe. SMD’s missions include ground-, air-, and space-based observatories, deep-space automated space-
craft, planetary orbiters, landers, and surface rovers. SMD also develops innovative science instruments and techniques 
in pursuit of NASA’s science goals.

The Mission Support Directorate (MSD) strengthens the efficiency and management of Agency-level operations under 
a single associate administrator. MSD includes Agency and Center management and operations, facility construction, 
budget and finance, information technology, human capital management, and infrastructure. Organizing NASA’s mis-
sion support services into a mission directorate ensures that management practices are uniform across the Agency and 
that these support services maintain maximum visibility inside and outside the Agency.

The Office of Education (Education) is responsible for developing and managing a portfolio of programs that translate 
NASA’s mission focus and achievements into educational activities, tools, and opportunities for students and teachers 
at all levels. Education’s goals are to strengthen the future workforce for the benefit of NASA and the Nation, attract 
and retain students in STEM disciplines, and engage the public in NASA’s missions. To achieve these goals, Education 
partners with other government agencies, non-profit organizations, museums and education centers, and the educa-
tion community at large.

The Office of the Chief Technologist (OCT) is the principal advisor and advocate on matters concerning Agency-wide 
technology policy and programs. OCT directly manages NASA’s Space Technology programs and coordinates and 
tracks all technology investments across the Agency. 

The Office of the Chief Scientist is the principal advisor and advocate on Agency science programs, strategic plan-
ning, and the evaluation of related investments. The Office of the Chief Scientist represents the scientific endeavors in 
the Agency, ensuring they are aligned with and fulfill the Administration’s science objectives.

•	 Committing to environmental stewardship through Earth observation and science, and the development and use 
of green technologies and capabilities in NASA missions and facilities; and

•	 Securing the public trust through transparency and accountability in NASA’s programmatic and financial manage-
ment, procurement, and reporting practices.

NASA’s Organization

http://www.aeronautics.nasa.gov/
http://www.nasa.gov/directorates/heo/home/
http://science.nasa.gov/
http://msd.hq.nasa.gov/
http://www.nasa.gov/offices/education/about/index.html
http://www.nasa.gov/offices/oct/home/index.html
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The Administrator’s Staff Offices provide a range of high-level guidance and support in critical areas like safety and 
mission assurance, technology planning, education, equal opportunity, information technology, financial administration, 
small business administration, international relations, and legislative and intergovernmental affairs.

NASA is comprised of Headquarters in Washington, DC, nine Centers located around the country, and the Jet Propul-
sion Laboratory, a federally funded research and development center (FFRDC) operated under a contract with the Cali-
fornia Institute of Technology. In addition, NASA partners with academia, the private sector, state and local governments, 
other Federal agencies, and a number of international organizations to create an extended NASA family.
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Interagency Relations
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Mission Support 
Directorate

Ames Research 
Center

Goddard Flight 
Research Center

Dryden Flight 
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Human Capital Management

Strategic Infrastructure

Headquarters Operations
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Internal Controls and 
Management Systems

Procurement

Protective Services

NASA Management Office

Inspector General

Advisory Groups:
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Administrator
Deputy Administrator

Associate Administrator
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Associate Deputy Administrator
Associate Deputy Administrator for Policy Integration

Assistant Associate Administrator

Aeronautics Research 
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Human Exploration and 
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Directorate

Science Mission 
Directorate

Chief Technologist

Chief, Safety and 
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Chief Scientist

Chief Information 
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Chief Health and 
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Chief Engineer Chief Financial Officer* Communications*
Diversity and Equal 

Opportunity

Small Business 
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Reports to the Administrator

Reports to the Deputy Administrator

Reports to the Associate Administrator

*Center functional office directors report to Agency functional Associate Administrators. Deputy and below report to Center leadership. 
Dashed lines indicate independent organizations that report to the Administrator.

NASA’s Organization
(As of September 30, 2011)
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6 Management’s Discussion and Analysis

NASA’s Workforce

For more information about NASA’s organization go to http://www.nasa.gov/about/org_index.html.

As of August 18, 2011, NASA employed more than 18,500 on-duty civil servants (full-time, part-time, term appointment, 
student and other non-permanent) at nine Centers, Headquarters, and the NASA Shared Services Center, with approxi-
mately 5,000 people at the Jet Propulsion Laboratory. To see more information about workforce profile and distribution, 
visit the Workforce Information Cubes for NASA at http://wicn.nssc.nasa.gov/.

This year, the Office of Human Capital Management (OHCM) released a Workforce Plan that outlines the policies, pro-
cesses, and structures needed to ensure that critical workforce skills and capabilities are available and effectively used 
in the timeframe needed to enact the major activities of the Agency’s Mission. The 2011 Workforce Plan has an over-
arching strategic workforce goal—identify, acquire, and sustain the workforce needed to successfully conduct NASA’s 
current and future missions—supported by five workforce goals:

•	 Workforce Goal 1: Plan strategic human capital and position for mission success—Analyze, develop policy, con-
duct organizational design and resource alignment to guide NASA’s multi-sector workforce. 

•	 Workforce Goal 2: Recruit and employ a highly qualified, diverse workforce—Identify, attract, and employ a diverse 
workforce with the right skills, at the right time, at the right place.

•	 Workforce Goal 3: Train and develop talent—Create and conduct training and development initiatives that address 
today’s and tomorrow’s needs and enable mission success. 

•	 Workforce Goal 4: Sustain a high-performing workforce—Enable managers to sustain an environment conducive 
to workforce productivity, innovation and effectiveness.

•	 Workforce Goal 5: Enable efficient human capital services—Develop effective human resources programs sup-
ported by comprehensive, timely, and validated information.

OHCM will revise the Workforce Plan to support NASA’s evolving strategic direction and priorities and changing work-
force needs.  

Goddard Space Flight Center (GSFC)
Greenbelt, MD

NASA Headquarters
Washington, DC

Langley Research Center
(LaRC) and NASA 
Engineering Safety Center,
Hampton, VA

Kennedy Space Center 
(KSC) and Ground Network,
Kennedy Space Center, FL

Marshall Space Flight Center (MSFC),
Huntsville, AL

Stennis Space Center (SSC) and NASA 
Shared Services Center (NSSC),
Stennis Space Center, MS

Johnson Space Center (JSC),
Houston, TX

Jet Propulsion Laboratory (JPL),*
Pasadena, CA

Dryden Flight Research 
Center (DFRC),
Edwards, CA

Ames Research Center (ARC)
Moffett Field, CA

Glenn Research Center (GRC) 
and NASA Safety Center,
Cleveland, OH

*The Jet Propulsion Laboratory is an FFRDC. The workforce are employees of the California Institute of Technology.

Other NASA facilities noted on the map by number include: 1) Plum Brook Station, Sandusky, OH, managed by GRC; 2) Software Independent 
Verification and Validation Facility, Fairmont, WV, managed by GSFC; 3) Goddard Institute for Space Studies, New York, NY, managed by 
GSFC; 4) Wallops Flight Facility, Wallops, VA, managed by GSFC; 5) Michoud Assembly Facility, New Orleans, LA, managed by MSFC; and 6) 
White Sands Test Facility and Space Network, White Sands, NM, managed by JSC.

NASA Centers and Facilities Nationwide

1 2
3
4

5
6

http://www.nasa.gov/about/org_index.html
http://wicn.nssc.nasa.gov/
http://nasapeople.nasa.gov/default.htm
http://nasapeople.nasa.gov/hcm/index_sbg.htm
http://www.nasa.gov/centers/goddard/home/index.html
http://www.nasa.gov/centers/hq/home/index.html
http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/centers/marshall/home/index.html
http://www.nasa.gov/centers/stennis/home/index.html
http://www.nssc.nasa.gov/
http://www.nasa.gov/centers/johnson/home/index.html
http://www.jpl.nasa.gov/
http://www.nasa.gov/centers/dryden/home/index.html
http://www.nasa.gov/centers/dryden/home/index.html
http://www.nasa.gov/centers/ames/home/index.html
http://www.nasa.gov/centers/glenn/home/index.html
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Shared Values, Shared Results
NASA believes that mission success is the natural outcome of an uncompromising commitment to the Agency’s four 
shared core values: safety, integrity, teamwork, and excellence.

Safety: Constant attention to safety is the cornerstone of mission success. NASA is committed, individually and as a 
team, to protecting the safety and health of the public, NASA team members, and the assets that the Nation entrusts 
to the Agency.

Integrity: NASA is committed to maintaining an environ-
ment of trust, built on honesty, ethical behavior, respect, 
and candor. Agency leaders enable this environment by 
encouraging and rewarding a vigorous, open flow of com-
munication on all issues, in all directions, and among all 
employees without fear of reprisal.  Building trust through 
ethical conduct as individuals and as an organization is a 
necessary component of mission success.

Teamwork: NASA’s most powerful tool for achieving  
mission success is a multi-disciplinary team of diverse, com-
petent people across all NASA Centers. NASA’s approach 
to teamwork is based on a philosophy that each team 
member brings unique experience and important expertise 
to project issues. Recognition of, and openness to, that 
insight of individual team members improves the likelihood 
of identifying and resolving challenges to safety and mission 
success. NASA is committed to creating an environment 
that fosters teamwork and processes that support equal 
opportunity, collaboration, continuous learning, and open-
ness to innovation and new ideas.

Excellence: To achieve the highest standards in engineer-
ing, research, operations, and management in support of 
mission success, NASA is committed to nurturing an orga-
nizational culture in which individuals make full use of their 
time, talent, and opportunities to pursue excellence in both 
the ordinary and the extraordinary.

An engineer from Ball Aerospace guides the NPOESS Prepa-
ratory Project (NPP) satellite into a thermal vacuum chamber 
for environmental testing. Once the satellite is inside, the air 
is pumped out of the chamber and temperature extremes 
are applied to replicate orbit conditions. Completing a proj-
ect like NPP requires dedication, teamwork, and attention to 
detail from all participants—NASA, contractors, and partners. 
(Credit: Ball Aerospace)

http://jointmission.gsfc.nasa.gov/
http://jointmission.gsfc.nasa.gov/
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8 Management’s Discussion and Analysis

Budget for Performance: NASA’s FY 2011 Budget
On April 15, 2011, President Barack Obama signed into law a full-year continuing resolution (CR) for fiscal year 2011.1  
Congress uses CRs to continue funding government functions if an appropriations bill has not been signed into law by 
the end of the fiscal year. This authorizes agencies to fund their programs at the existing or a reduced level, until either 
the resolution expires, or an appropriations bill is passed.

The 2011 CR, which gave NASA $18,485 million for the fiscal year, directed NASA to pursue the human exploration 
goals set in the NASA Authorization Act of 2010 and called for the development of the Space Launch System and a 
Multi-Purpose Crew Vehicle. The chart below shows the details of the CR by each of NASA’s appropriation accounts.2 

1. Department of Defense and Full-Year Continuing Appropriations Act of 2011 (P.L. 112-10).
2. In the FY 2011 Budget Request, NASA requested that an appropriation account be created for Aeronautics and Space Technol-
ogy, which would fund both aeronautics and space research and technology activities. Under the year-long CR, the activities associ-
ated with space research and technology remained in existing accounts, and NASA began new Space Technology initiatives in the 
Space Operations account. These initiatives are guided by the Office of the Chief Technologist.

Exploration
Systems
$3,808

Science
$4,945

Aeronautics
$535Space Operations

$5,509

Cross-Agency 
Support
$3,111

Education
$146

Inspector General
$36

Full-Year Continuing Appropriations Act of 2011, Total $18,485
(Dollars in Millions)

Construction and Environmental 
Compliance and Restoration

$394

Note: NASA merged Exploration Systems and Space Operations into a new, single organization, Human Exploration and Operations, 
later in the fiscal year.

NASA’s budget requests are available online at http://www.nasa.gov/news/budget/index.html.

http://thomas.loc.gov/cgi-bin/bdquery/z?d112:h.r.1473:
http://www.nasa.gov/news/budget/index.html
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Continuing Performance on the Implementation of the 
American Recovery and Reinvestment Act 

The American Recovery and Reinvestment Act of 2009 (Recovery Act) was signed into law by President Obama, on 
February 17, 2009. It was an unprecedented effort to jump-start the Nation’s economy by creating and saving jobs 
and investing in long-term growth, while holding the Federal government to levels of accountability and transparency in 
spending, 

NASA received $1,050 million of Recovery Act funding in FY 2009 ($1,002 million Direct Appropriation and $48 million 
Reimbursable Authority), all of which was obligated to projects to support the Nation’s economic recovery and advance 
NASA’s research mission. The Agency received an additional $4 million in Recovery Act Reimbursable Authority in FY 
2010. NASA provides an overview of the Recovery Act and NASA’s implementation efforts at http://www.nasa.gov/
recovery/index.html. 

Since the Recovery Act was signed into law, NASA leveraged its funding to achieve the purposes set forth by this 
important law. NASA’s Recovery Act funds augmented research and development activities in the key program areas of 
Aeronautics Research, Science (with an emphasis on Earth Science and Astrophysics), and Exploration and were used 
to restore critical NASA-owned facilities damaged from hurricanes during 2008. 

•	 Accelerate	the	development	of	
Earth science climate research 
missions recommended by the  
National Academies’ decadal 
survey.

•	 Increase	NASA’s	supercomputing	
capabilities.

•	 Fund	planned	mission	devel-
opment activities that could 
contribute to future exploration.

•	 Stimulate	efforts	within	the	
private sector to develop and 
demonstrate human spaceflight 
capability.

•	 Restore	NASA-owned	
facilities damaged by  
hurricanes and other  
natural disasters that  
occurred in 2008.

•	 Undertake	systems-level	research,	
development, and demonstration 
activities related to aviation safety, 
environmental impact mitigation, and 
development of the Next Generation 
Air Transportation System (NextGen).

NASA Recovery Act Funding Total:  $1,054
(Dollars in Millions)

Science
$400

Aeronautics
Research
$150

Exploration 
Systems
$400

Inspector General
$2

Cross-Agency Support—
Non-Reimbursable
$50

Cross-Agency Support—
Reimbursable*
$52

*Reimbursable activities for other Federal agencies’ Recovery Act programs.

Highlights of NASA’s investments included:

•	 Undertaking	systems-level	research,	development	and	demonstration	activities	related	to	aviation	safety,	environ-
mental impact mitigation, and Next Generation Air Transportation System (NextGen) activities; 

•	 Accelerating	development	of	Tier	1	Earth	science	climate	research	missions	recommended	by	the	National	Acad-
emies’ decadal survey;

•	 Increasing	the	Agency’s	supercomputing	capabilities;	and

•	 Stimulating	 efforts	 within	 the	 private	 sector	 to	 develop	 and	 demonstrate	 technologies	 that	 enable	 commercial	
human spaceflight capabilities.

http://www.recovery.gov/About/Pages/The_Act.aspx
http://www.nasa.gov/recovery/index.html
http://www.nasa.gov/recovery/index.html
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In FY 2011, NASA effectively spent the money entrusted to the Agency by Congress by completing the majority of 
planned work. As of September 30, 2011, NASA has disbursed over $994 million (94 percent) of its Recovery Act funds 
available through September 30, 2010 (shown in the chart below). Also of note, NASA contractors and grantees have 
completed an additional $33.5 million of work to bring the total expenditure to 97.5 percent of the Recovery Act funds. 
NASA expects to complete the remaining Recovery Act activities by September 30, 2013. The Inspector General funds 
are not included in the chart below as these amounts are available through September 30, 2013. 

NASA Recovery Act Disbursed Total: $994/$1,054, 94%*
(Dollars in Millions)

*Ratio compares disbursed amounts to total available resources.

Science
$390/$400 (97%)

Aeronautics
Research
$128/$150 
(86%)

Exploration 
Systems
$380/$400 (95%)

Cross-Agency Support–
Reimbursable*
$46/$52 (89%)

Cross-Agency Support–  
Non-Reimbursable*
$50/$50 (100%)

Recovery Act funding supports instrumen-
tation for NASA’s IceBridge mission

In 2009, the Center for Remote Sensing of Ice Sheets 
(CReSIS) at the University of Kansas received Recovery Act 
funds to participate in NASA’s IceBridge mission by helping 
to provide four specialized radars for the aircraft flying the 
mission. IceBridge, the largest airborne survey of Earth’s 
polar ice ever flown, is monitoring polar regions with instru-
mented aircraft until the launch of ICESat-II. 

CReSIS developed a radar instrumentation package in 
less than six months and deployed it on NASA’s aircraft. 
IceBridge used the resulting systems during the 2010 and 
2011 deployments to Greenland. The CReSIS team perform 
measurements in conjunction with laser surface elevation 
measurements being performed by NASA Centers. Scien-
tists around the world are using the data collected by the 
instrumentation to improve ice-sheet models. This project 
provided an excellent opportunity to train both graduate 
and undergraduate students in a multidisciplinary design 
environment, and provided them an avenue to learn rapid 
prototyping and development of hardware that must con-
form to aircraft certification standards. The project involved 
a local industry in the development process and also has 
enabled other joint projects that include local industry. 

An aerospace engineering student at CReSIS (top) had 
the opportunity to see the development progress for the 
fuselage-mounted Multichannel Coherent Radar Depth 
Sounder (MCoRDS) instrument from a computer aided 
structural design to the actual installation on the aircraft. 
The photo below shows MCoRDS being installed at NASA’s 
Wallops Flight Facility. (Credit, top: CReSIS; below: NASA)

https://www.cresis.ku.edu/
https://www.cresis.ku.edu/
http://www.nasa.gov/mission_pages/icebridge/index.html
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NASA has a culture of performance and data-driven performance management, as periodically recognized by Con-
gress, the Government Accountability Office, and the Office of Management and Budget. In recent years, the Agency 
has worked hard to improve its performance management system to increase accountability, transparency, and over-
sight. NASA continues to add sophistication and discipline to this system, leading to more consistent performance 
results across NASA’s missions and to make the best use of the resources entrusted to the Agency by Congress and 
the American people.

In FY 2011, NASA said farewell to the Space Shuttle and continues to look forward to future years of performance 
in all program areas: aeronautics, science, and human space flight. Shortly after the last flight, Administrator Bolden 
announced a launch vehicle design for a new deep space exploration system to follow the Space Shuttle. This new 
heavy-lift rocket will be America’s most powerful since the Saturn V rocket, which carried Apollo astronauts to the Moon, 
and it will launch humans to explore new deep-space destinations like asteroids, Mars, and its moons. 

The Agency also unveiled six new strategic goals that emphasize the cooperative, cross cutting nature of NASA’s mis-
sions and operations. They focus on the valued contributions of NASA’s science and exploration missions, as well as 
aeronautic and space technology research.

NASA made improvements to its performance management system with a new performance framework, based on 
the strategic goals, that uses a revised rating criteria to conduct quarterly reviews of performance goals (including high 
priority performance goals) and annual performance goals.

This Performance Results section presents:

•	 A	tribute	to	NASA’s	Space	Shuttle	Program	in	recognition	of	its	contribution	to	human	exploration	and	in	celebration	
of its successful retirement;

•	 NASA’s	new	performance	framework;

•	 An	explanation	of	how	NASA	measures	and	manages	its	performance;	

•	 A	summary	of	NASA’s	performance	against	its	FY	2011	goals;

•	 The	FY	2011	cost	toward	its	strategic	goals;

•	 Performance	highlights	for	each	strategic	goal;	and

•	 A	summary	of	verification	and	validation	practices	for	assuring	the	integrity	of	NASA’s	performance	data.

http://www.gao.gov/
http://www.whitehouse.gov/omb/
http://www.nasa.gov/mission_pages/shuttle/main/index.html
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End of an Era, Dawn of a New Beginning

The Space Shuttle and Thirty Years of Performance

The Hubble Space Telescope. The International Space Station. The Galileo robotic Jupiter spacecraft. The Chandra 
X-ray Observatory. Each of these missions has one thing in common: they were made possible by the Space Shuttle. In 
its 30 years of operation, the Space Shuttle Program accomplished amazing things, advancing technology and affecting 
the lives of people across the globe.

The Space Shuttle Program was a remarkable chapter in America’s history in space. The five orbiters, Columbia, Chal-
lenger, Discovery, Atlantis, and Endeavour, flew 135 times, carrying more than 360 people into space and traveling more 
than 500 million miles. The Space Shuttle Program was a core part of NASA’s strategic plan for over three decades, and 
this amazing vehicle enabled NASA and the Nation to do great things in space.

NASA’s Space Shuttle fleet began setting records with its first launch on April 12, 1981, and continued to set high marks 
of achievement and endurance through 30 years of missions. Starting with Columbia and continuing with Challenger, 
Discovery, Atlantis, and Endeavour, the Space Shuttle fleet carried people into orbit, launched, recovered and repaired 
satellites, conducted cutting-edge research and built the largest structure ever assembled in space, the International 
Space Station (ISS). The final Space Shuttle mission, STS-135, ended July 21, 2011, when Atlantis rolled to a safe stop 
at its home port, NASA’s Kennedy Space Center in Florida.

In its 30 years of performance, crew members spent a total of 198,728.25 
hours (approximately 8,280 days) on Space Shuttle, and deployed 179 
payloads. They also returned 52 payloads from space back to Earth. 
Space Shuttle crews retrieved and repaired then re-deployed seven pay-
loads, including the Hubble Space Telescope and the Solar Max satellite. 
The Shuttle docked with the Mir space station nine times, and with the 
International Space Station 36 times. The Space Shuttle launched over 
4.4 million pounds of cargo mass into space and, unique to the Shuttle, 
returned almost 230,000 pounds of cargo back to Earth. Collectively, 
the orbiters spent a total of 1,310 days (31,440 hours, 59 minutes, 33 
seconds) in space, orbiting Earth 20,830 times. 

In 2004, NASA was given two strategic goals for the Space Shuttle: 
complete assembly of the ISS and fly safely through their retirement. 
NASA has completed both these goals. As it did during the first three 
decades of Space Shuttle flight, the performance of the Space Shuttle 
Program has always reached for the greatest heights to deliver benefits 
to all humankind. 

Designed to return to Earth and land like a hypersonic glider, the Space 
Shuttle was the first successful reusable space vehicle. The Space Shut-
tle pushed the boundaries of discovery ever farther, requiring not only 
advanced technologies but the tremendous effort of a dedicated nation-
wide workforce. Thousands of civil servants and contractors across the 
Nation at NASA’s Centers have demonstrated an unwavering commit-
ment to mission success and the greater goal of space exploration.

To this day, the Space Shuttle remains the fastest winged vehicle ever to 
fly, with an orbital velocity of 17,500 miles per hour, 10 times the speed of 
a high-powered rifle bullet. Additionally, the Space Shuttle carried cargos 
of substantial weight and dimensions and ultimately returned from orbit 
more than 97 percent of all mass returned to Earth.

On April 12, 1981, a bird flies away from Launch 
Complex 39’s Pad A as something new takes to 
the sky—America’s reusable Space Transporta-
tion System (STS). Designated STS-1, Space 
Shuttle Columbia launches on its historic maiden 
voyage carrying astronauts John Young and Bob 
Crippen. (Credit: NASA)

http://hubble.nasa.gov/
http://www.nasa.gov/mission_pages/station/main/index.html
http://solarsystem.nasa.gov/galileo/
http://www.nasa.gov/mission_pages/chandra/main/index.html
http://www.nasa.gov/mission_pages/chandra/main/index.html
http://www.nasa.gov/mission_pages/shuttle/main/index.html
http://www.nasa.gov/columbia/home/index.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/challenger-info.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/challenger-info.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersdis.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersatl.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersend.html
ww.nasa.gov/centers/kennedy/home/index.html
http://heasarc.nasa.gov/docs/heasarc/missions/solarmax.html
http://www.nasa.gov/mission_pages/shuttle-mir/index.html
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In addition to the advances required for the spacecraft’s 
development, science has made huge strides with the 
help of the Space Shuttle. NASA researchers have learned 
more about how human bodies and those of other organ-
isms function, from the subcellular level on up. They 
have learned how people as individuals interact with one 
another under unusual and stressful circumstances—and 
how to work together. The Space Shuttle has revealed 
more about Earth, its land masses, oceans, atmosphere, 
and environment as a whole. It also has been instrumental 
in learning more about the Moon, the solar system, the 
Milky Way galaxy, and the universe. For example, Space 
Shuttle  missions launched and repeatedly upgraded and 
repaired the Hubble Space Telescope, which has provided 
unprecedented vision of distant stars, some with planets 
orbiting them. It has allowed humankind to look at objects 
so distant that viewing the light from them is looking back 
in time to witness the beginning of the universe.

Scientific advances continue aboard the ISS. Without the 
Space Shuttle, this orbiting research facility simply could 
not have been built. Perhaps as important as any element 
of the Space Shuttle legacy is the development of interna-
tional cooperation in space. Humans from many nations 
have begun to work together in space. Space Shuttle visits 
to the Russian space station Mir were a beginning that 
led to the new cooperation we see today aboard the ISS. 
It has helped to develop understanding for people from 
many countries, including some former enemies. Such 
synergies will give humans as a whole greater potential 
for space exploration and development that any single nation could achieve alone. The Space Shuttle has provided 
inspiration—for the young and the not so young. It has encouraged uncounted young students to focus on science and 
technology. The idea of becoming an astronaut, as some certainly will, is a powerful motivation. So too is the prospect of 
using such an education to advance human knowledge and understanding in space. People of all the nations contribut-
ing to the Space Shuttle’s design and operation can take pride in its accomplishments. 

Now, the Space Shuttle ushers in the next extraordinary installment in the Nation’s story of exploration. The Space 
Shuttle concluded its historic mission by completing construction of the ISS, the anchor of NASA’s human space flight 
activities for the next decade. Six-member crews will be living and working aboard the ISS around the clock until at least 
2020. The ISS will be the centerpiece of our human spaceflight activities for the coming years, and the research and 
technology breakthroughs aboard the ISS will facilitate our travel to destinations beyond low Earth orbit.

Astronaut Story Musgrave, anchored on Space Shuttle  
Endeavour’s robotic arm, prepares to be elevated to the top 
of the Hubble Space Telescope during Hubble’s first servicing  
mission, in 1993. Astronaut Jeffrey Hoffman, inside the Shuttle 
payload bay, assists Musgrave. The mission replaced and repaired  
various instruments, but its most important task was installing 
technology that corrected the tiny flaw in Hubble’s main mirror 
that distorted the telescope’s view. (Credit: NASA)

Workers measured and marked in bright red the let-
ters “MLG” at the spot where Space Shuttle Atlantis’ 
main landing gear came to rest after the vehicle’s 
final return from space. Securing the Space Shuttle 
fleet’s place in history on the STS-135 mission, 
Atlantis safely and successfully rounded out NASA’s 
Space Shuttle Program on the Shuttle Landing Facil-
ity’s Runway 15 at Kennedy Space Center in Florida. 
Main gear touchdown was at 5:57:00 a.m. EDT on 
July 21, 2011, followed by nose gear touchdown at 
5:57:20 a.m., and wheel stop at 5:57:54 a.m. (Credit: 
NASA/K. Herring)
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On to 30 more years of NASA’s performance in 
human space flight, science, aeronautics,  
and space technology development. . . .

The Space Shuttle Program will continue to shape humankind’s vision of exploration. The orbiters will live on in muse-
ums around the country, inspiring millions of visitors to look up and dream. Though the orbiters themselves will no longer 
fly, technology from the Space Shuttle will be used in the design of the Space Launch System, NASA’s new deep space 
launch vehicle. The aspiring astronauts of today may not fly the Space Shuttle, but they may soon have the opportunity 
to walk on Mars.

Above: Vapor trails follow Space Shuttle Atlantis as it approaches Runway 15 at the Kennedy Space Center for the final time. Atlantis marked 
the 26th nighttime landing of the Space Shuttle and the 78th landing at Kennedy. It also was the final mission for the Space Shuttle Program. 
(Credit: NASA/S. Joseph and K. O’Connell)

http://www.nasa.gov/exploration/systems/sls/index.html
ww.nasa.gov/centers/kennedy/home/index.html
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A New Strategic Plan and Performance Framework
On February 14, 2011, NASA released a new Strategic Plan outlining six new strategic goals. For the first time the Agency 
has a strategic goal that emphasizes the importance of supporting the underlying capabilities that enable NASA’s mis-
sions. This addition ensures that resource decisions directly address the balance of funding priorities between missions 
and the requirements of institutional and program capabilities that enable the missions.

At the heart of NASA’s strategic goals remain the core missions of human space exploration, Earth and space science, 
aeronautics, and technology development. The 2011 Strategic Plan elevates the science and aeronautics missions from 
sub-goals to strategic goals and once again establishes education and outreach as fundamental Agency activities.  
NASA’s new strategic goals are as follows:

•	 Strategic Goal 1: Extend and sustain human activities across the solar system.

•	 Strategic Goal 2: Expand scientific understanding of the Earth and the universe in which we live.

•	 Strategic Goal 3: Create the innovative new space technologies for our exploration, science, and economic future.

•	 Strategic Goal 4: Advance aeronautics research for societal benefit.

•	 Strategic Goal 5: Enable program and institutional capabilities to conduct NASA’s aeronautics and space activities.

•	 Strategic Goal 6: Share NASA with the public, educators, and students to provide opportunities to participate in 
our Mission, foster innovation, and contribute to a strong national economy.

Changes to NASA’s Performance Framework

NASA revised the performance framework supporting these strategic goals, as well, to increase transparency by pro-
viding more insight into the Agency’s performance against its mid- and near-term plans. This new framework guided 
development of the FY 2011 Performance Plan being reported on in this document. 

The former strategy-performance framework, was based on the 2006 Strategic Plan, and consisted of three levels: stra-
tegic goals (and sub-goals), outcomes, and annual performance goals (APGs). The new strategy-performance frame-
work consists of four levels of performance measures, mapped to the strategic goals. The four distinct levels supporting 
the achievement of the overarching goals are outcomes, objectives, performance goals, and annual performance goals.  

Each performance level is associated with a specific timeframe. In the past, the outcome level was associated by any 
timeframe beyond the annual. In the new framework outcomes reflect NASA’s long-term plans for the next 10 to 20 
years and beyond. Objectives identify targets that span the next 10 years. Performance goals focus on planned prog-
ress over the next two to five years, and include the high-priority performance goals. Lastly, annual performance goals 
(APGs) align to the annual budget request. 

The figure below compares the former performance framework to the new one.

Previous performance framework based on  
2006 Strategic Plan

New performance framework based on  
2011 Strategic Plan, with associated timeframes

Strategic goal, next 10 to 20 years and beyondStrategic goal

Sub-goal Outcome, beyond 10 years

Outcome Objective, up to 10 years

Performance goal, up to 5 years

Annual performance goal Annual performance goal

http://www.nasa.gov/pdf/516579main_NASA2011StrategicPlan.pdf
http://www.nasa.gov/pdf/516579main_NASA2011StrategicPlan.pdf
http://www.nasa.gov/pdf/533365main_NASAFY11_Performance_Plan-508.pdf
http://www.nasa.gov/pdf/142302main_2006_NASA_Strategic_Plan.pdf
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Changes to NASA’s Rating Criteria and Rated Performance Measures

In FY 2011, NASA chose to pilot refined rating criteria and to rate only the performance goal (two- to five-year target) and 
APG (annual target) levels as a measurement improvement strategy. In the past, NASA rated the performance against 
the APGs and outcomes, the latter of which had an open-ended timeframe and, therefore, targets that potentially would 
never be accomplished fully. Outcomes continue to perform their intended function as long-term, larger scope steps 
toward achieving the strategic plans.  

NASA measures and communicates its progress toward achieving performance goals and APGs through the ratings 
below. NASA determines these ratings based on a series of internal assessments that are part of ongoing monitoring 
of NASA’s program and project performance. These ratings are then validated externally with entities such as scientific 
peer review committees, aeronautics technical evaluation bodies, and the Office of Management and Budget prior to 
provision in the Performance and Accountability Report.

FY 2011 Pilot Rating Criteria for Performance Goals

Rating Performance Goal and High Priority Performance Goal

Green
(On Track)

NASA achieved or expects to achieve the intent of the performance goal or high priority performance goal 
(HPPG) within the estimated timeframe. NASA achieved the majority of key activities supporting this perfor-
mance goal or HPPG.

Yellow
(At Risk)

NASA expects to achieve the intent of the performance goal or HPPG within the timeframe; however, there is 
at least one likely programmatic, cost, or schedule risk to achieving the performance goal or HPPG.

Red
(Not on Track)

NASA does not expect to achieve this performance goal or HPPG within the estimated timeframe.

White
(Canceled or 
Postponed)

NASA senior management canceled this performance goal and the Agency is no longer pursuing activities 
relevant to this performance goal or the program did not have activities relevant to the performance goal 
during the fiscal year.

FY 2011 Pilot Rating Criteria for APGs

Timeframe: 
When Will 

the APG Be 
Achieved

Rating Criteria for APG Types

Rating
Single Milestone or 

Deliverable

Multiple Deliverables, 
Targeted Performance, and 

Efficiencies
On-going Activities, Services, 

or Management Processes

Current FY as 
planned.

NASA achieved the event 
or the deliverable met the 
intent of the APG within 
the timeframe.

The program/project reached 
the stated numeric target.

The intended result of the program/
project was achieved as defined by 
internally held success criteria. Green

Achieve next FY 
(will not achieve 
this FY as 
planned).

NASA did not achieve this APG in the current fiscal year, but anticipates achieving it  
during the next fiscal year.

YellowWill not be 
achieved, but 
progress was 
made.

N/A NASA failed to achieve this 
APG, but made significant 
progress as defined by reach-
ing 80% of the target or other 
internally held success criteria.

The intended results of the pro-
gram/project were not achieved 
in this fiscal year, but significant 
progress was accomplished, as 
defined by internally held success 
criteria.

Will not be 
achieved.

NASA did not achieve the 
APG and does not antici-
pate completing it within 
the next fiscal year.

NASA achieved less than 80% 
of the target or other internally 
held success criteria.

Neither intended results nor 
significant progress were achieved. 
The progress toward the APG does 
not meet standards for significant 
progress for the internally held suc-
cess criteria.

Red

Will not be 
achieved due to 
cancellation or 
postponement.

NASA senior management canceled this APG and the Agency is no longer pursuing activities rel-
evant to this APG or the program did not have activities relevant to the APG during the fiscal year. White

http://www.whitehouse.gov/omb/


17NASA FY 2011 Performance and Accountability Report

Performance Results

Measuring High Priority Performance Goals

Starting in FY 2010, NASA developed and began reporting on a quarterly basis for five HPPGs. In accordance with 
the GPRA Modernization Act of 2010 and a White House initiative for building a high-performing government, NASA’s 
HPPGs represent challenging, near-term targets that the Agency will reach to benefit the American people in the areas 
of human exploration, earth science, aeronautics research, and energy management. These five performance goals 
were chosen by Administrator Bolden for their importance to both NASA’s Mission and national priorities (see NASA’s 
FY 2011 Progress Toward the High Priority Performance Goals for more information). 

Managing and Measuring NASA’s Performance
NASA’s planning and performance management system is an essential part of strategic management and governance. 
The Agency has an integrated system to: plan strategy and implementation; monitor, assess, and evaluate performance 
toward commitments; identify issues; gauge the organization’s health; and provide appropriate data and information 
to NASA decision-makers. NASA’s performance data provides a foundation for both programmatic and institutional 
decision-making processes and supports decisions concerning strategy and budget. 

NASA’s performance system is designed to align with the Agency’s internally and externally imposed performance 
measurement and reporting requirements, tools, and practices, including the Government Performance and Results 
Act Modernization Act (GPRAMA) of 2010 and Executive Orders 13450—Improving Government Program Performance 
and 13576—Delivering an Efficient, Effective, and Accountable Government.

NASA’s planning and performance management system provides data to Agency management through the following: 
ongoing monthly and quarterly analyses and reviews; annual assessments in support of budget formulation (for budget 
guidance and issue identification, analysis and disposition); annual reporting of performance, management issues, and 
financial position; periodic, in-depth program or special purpose assessments; and recurring or special assessment 
reports to internal and external organizations.

Reviewing Performance at the Senior Management Level

For over four years, NASA has held the Baseline Performance Review, an Agency-level forum for discussing performance 
and issues chaired by the associate administrator, who also serves as the chief operating officer. Senior management 
at the mission directorate, program, project and Center-level present institutional, program and project performance. 
Actions are assigned accordingly to address any issues. Beginning in 2011, NASA initiated quarterly performance self-
assessments for the execution year performance plan commitments (i.e., performance goals and APGs, and progress 
toward achieving high priority performance goals (HPPGs)). For HPPGs, the goal leaders present their progress overall, 
including progress towards milestones, risks, and coordination efforts. They also request senior management input if 
required to keep on track.

Setting Performance Improvement Plans

Performance shortfalls identified in FY 2011 can impact the success of activities in subsequent years. Hence, the final 
performance results reflected in this report will inform planning for the forthcoming FY 2012 Performance Plan and the 
FY 2013 Congressional Justification. NASA, along with the Government Accountability Office (GAO) and the Office of 
Inspector General (OIG) monitor the Agency’s activities and results to identify weaknesses in or risk to performance. 
NASA assessed this year’s performance shortfalls to project future impacts and to look for any trends across those 
shortfalls. Additionally, FY 2011 performance challenges were trended with those seen in FY 2010, to provide a more 
complete picture of what may be the causes for why NASA did not meet its performance targets. NASA couples the 
results from this and other internal performance assessments with the insights of OIG and GAO to inform actionable 
plans that strengthen the Agency. See the Performance Improvement Plan Introduction section of Detailed Performance 
(see page 155) for more details on the performance improvement plans resulting from this performance assessment.

http://www.whitehouse.gov/omb/performance/gprm-act
http://www.whitehouse.gov/omb/performance/gprm-act
http://www.whitehouse.gov/sites/default/files/omb/assets/performance_pdfs/eo13450.pdf
http://www.whitehouse.gov/the-press-office/2011/11/09/executive-order-promoting-efficient-spending
http://www.gao.gov/
http://oig.nasa.gov/
http://oig.nasa.gov/
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In FY 2011, NASA rated 108 two- to five-year performance goals, including the five HPPGs, and 149 APGs under the 
new rating criteria. Prior to rating these measures, the FY 2011 Performance Plan was updated to reflect changes due 
to both Congressional budget action and to correct inaccuracies found in several measures, which were not found prior 
to the measures’ provision in the FY 2012 budget submission to the Congress (available at http://www.nasa.gov/news/
budget/index.html). For more details on the changes to NASA’s FY 2011 Performance Plan, see Changes to the FY 2011 
Performance Plan in the Detailed Performance section (see page 43).

The summary of NASA’s rated measures by strategic goal is provided below.

Summary of Performance Results
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FY 2011 Cost Toward Strategic Goals
To measure costs incurred toward strategic goals, NASA maps the net costs (per the Statement of Net Cost) to the 
strategic goals. First, NASA’s maps mission directorate, mission support, and Education control accounts, and their 
supporting programs to the strategic goal to which they contribute. This performance-to-budget alignment is indicated 
in the Agency’s annual performance plan that links each annual performance goal, and responsible program, to the 
strategic goals. The net costs for each mission directorate or mission support directorate-level control account are then 
allocated to a strategic goal by the budget-weighted percentage of its programs’ contribution to that goal. NASA bases 
the budget-weighted percentage on the relationship between the programs and control accounts in the fiscal year’s final 
operating plan (this year issued in August) to determine the programs’ proportion of budget within the control account.

FY 2011 is the first year where mission support and education activities map directly to a strategic goal. In previous 
years, the net costs of mission support and education activities were allocated across all strategic goals. The net costs 
for the Office of Inspector General remain allocated across all strategic goals by an equal amount.

Cost Toward Strategic Goals, Total $18,618
(Dollars in Millions)

Strategic Goals
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$3,653

$4,570 $4,571

$185

$50

$212 $461

$891

$77

$3,585

$143

Education $39

$77

*$6 million for Inspector General is allocated to each strategic goal.

Aeronautics Research, $538

Cross-Agency Support, $3,797

Construction and ECR, $143

Education, $181

Exploration Systems, $3,653

Inspector General, $38*

Science, $4,621

Space Operations, $5,647

Control Account and Total

$8,229 $4,577 $454 $468 $4,742 $149

http://oig.nasa.gov/
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Humanity’s interest in the heavens has been universal and enduring. NASA has had the privilege of extending the 
Nation’s reach beyond the confines of Earth for more than 50 years through robotic and human space exploration.

This fiscal year, NASA took steps to combine the Exploration Systems Mission Directorate and the Space Operations 
Mission Directorate to form a single organization, the Human Exploration and Operations (HEO) Mission Directorate, 
which focuses on all aspects of space flight. The new organization will manage a portfolio which includes developing 
space exploration vehicles and support technologies, obtaining expendable launch vehicles from commercial vendors, 
managing operation and servicing of the International Space Station (ISS), managing ground operations, and other vital 
services.

Making the ISS a world-class research facility

FY 2011 was a big year for the ISS. The last 
flights of the Space Shuttle also marked the 
final delivery of the large sections that form the 
living spaces, research laboratories, docking 
modules, robotic arms, and trusses holding 
the solar panels.

Discovery (STS-133) delivered the Italian-built 
Permanent Multipurpose Module (PMM), 
named Leonardo, that NASA used to ferry 
supplies, equipment, experiments and other 
cargo to and from the International Space Sta-
tion via the Space Shuttle’s payload bay.  Now 
it provides more space and accommodations 
for research. The ISS also received two more 
Express Logistics Carriers, unpressurized 
platforms attached to the exterior of the ISS 
that can be used for research and storage of 
large replacement parts and systems. 

Having completed assembly, ISS mission priorities have shifted from facility assembly to utilization and research.  NASA 
took the first steps in transitioning management of the ISS National Laboratory to an independent non-profit organiza-
tion by requesting proposals for management of the National Laboratory in February 2011. In August, NASA selected 
the Center for the Advancement of Science in Space (CASIS), and began transitioning responsibilities. CASIS will help 
ensure the ISS’ unique capabilities are available to the broadest possible cross-section of the U.S. scientific, technologi-
cal, and industrial communities and will manage research conducted through the National Laboratory.

While the National Laboratory is in transition, the ISS is already being used to develop technologies that will support 
future objectives in human space exploration. NASA demonstrated advanced robotics technologies and capabilities in 
February 2011 when ISS crewmembers used the Special Purpose Dexterous Manipulator (SPDM), also known as the 
Canadarm2 robotic arm, to extract two large external payloads from Japan’s H-11 Transfer Vehicle (HTV). In August, 
ground controllers used the SPDM to change out a piece of failed external hardware without crew participation. Usu-
ally, these types of hardware change-outs are performed by a crew member during an spacewalk, requiring up to 26 
crew hours to prepare and perform, outside of the safe confines of the ISS. NASA also is using ISS as a platform to 
demonstrate key robotics technologies needed to meet future human space exploration objectives. Robonaut 2, the 
first humanoid robot in space, launched in February 2011 aboard STS-133. Co-developed with General Motors (GM), 
Robonaut’s primary job on the ISS is to demonstrate how a dexterous robot can manipulate mechanisms in a micro-
gravity environment, operate safely in the space environment for extended periods of time, assist with ISS tasks, and 
eventually interact with astronauts. GM plans to use the results in future advanced vehicle safety systems and manufac-
turing plant applications.  

Performance Highlights
Strategic Goal 1: Extend and sustain human activities across the solar 
system.

Robonaut 2 is pictured in the ISS Destiny 
laboratory on August 22 shortly after it 
was powered up and teams on the ground 
sent power to the robot for the first time in 
space. The red flags tied around its wrists 
are to remind the crew not to use its arms 
as handles. About a week later, NASA 
astronaut Mike Fossum, Expedition 28 flight 
engineer, works with Robonaut 2. (Credit, 
both images: NASA)

http://www.nasa.gov/directorates/heo/home/
http://www.nasa.gov/mission_pages/station/main/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts133/main/index.html
http://www.nasa.gov/mission_pages/station/expeditions/expedition26/leonardo.html
http://www.nasa.gov/mission_pages/station/research/nlab/index.html
http://www.nasa.gov/mission_pages/station/structure/elements/mss.html
http://www.jaxa.jp/projects/rockets/htv/index_e.html
http://www.nasa.gov/mission_pages/station/main/robonaut.html
http://media.gm.com/content/media/us/en/news/news_detail.brand_gm.html/content/Pages/news/us/en/2010/Apr/0414_nasa
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Atlantis (STS-135) delivered the Robotics Refueling Mission (RRM) payload in July and crew members attached it to the 
outside of ISS. A joint effort between NASA and the Canadian Space Agency (CSA), RRM is designed to demonstrate 
and test the tools, technologies, and techniques needed to robotically refuel satellites in space—even satellites that were 
not designed to be serviced in orbit. Payload operations for RRM are planned to begin in FY 2012. Another significant 
enhancement to the ISS research program in FY 2011 included the delivery of the Alpha Magnetic Spectrometer (AMS), 
which was delivered in May on Endeavour (STS-134). The AMS is a state-of-the-art particle physics detector developed 
by an international team of 56 institutions from 16 countries. At 15,000 pounds, AMS is the largest scientific payload on 
the ISS. The AMS experiment will use a large permanent magnet to search for antimatter, dark matter, and dark energy 
to advance knowledge of the universe and lead to a better understanding of the universe’s origin. More information on 
the many ISS experiments conducted during each Expedition can be found at http://www.nasa.gov/mission_pages/
station/main/index.html.

NASA announces new homes for Shuttles

On July 21, 2011, STS-135 touched down at Kennedy Space Center in Florida, ending the last Space Shuttle flight. But 
it did not mark the end of the Space Shuttle fleet’s place in history. On April 12, NASA Administrator Charles Bolden 
announced the facilities where the four Space Shuttle orbiters will be on permanent display.

Enterprise, the first orbiter built, will move from the Smithsonian’s National Air and Space Museum Steven F. Udvar-Hazy 
Center in Virginia to the Intrepid Sea, Air and Space Museum in New York. While Enterprise never flew into space; NASA 
used it for approach and landing tests in 1977. The Udvar-Hazy Center will become the new home for Discovery, which 
retired after completing its 39th mission in March 2011. Endeavour, which ended its last flight on June 1, will go to the 
California Science Center in Los Angeles. Finally, the Shuttle that flew STS-135, Atlantis, will take its place of pride at the 
Kennedy Space Center Visitor Complex in Florida. (Read about other awarded artifacts.)

At the Kennedy Space Center, Space Shuttle Program crews are prepping the orbiters for transfer to their new homes.  
Prior to their relocation, technicians and engineers are delving deep into the spaceframe, areas that have not been seen 
in a while because it would have been too invasive. The teams are pulling out components, conducting inspections, and 
creating a detailed encyclopedia to pass on to future spacecraft designers. Then the crews will put the components 
back in place. They will remove the Shuttles’ engines and replace them with dummy engine nozzles, keeping the real 
hardware for further study. They also will remove parts that contain harmful elements. After completing these changes, 
NASA will deliver the Shuttles looking just as they did the last time they flew.

Next step in space exploration

This fiscal year, NASA announced the design of the key ele-
ments that will provide initial capability for crewed exploration 
beyond Earth.

In May 2011, NASA announced that the Multi-Purpose Crew 
Vehicle (MPCV) will be based on designs originally planned for 
the Orion Crew Exploration Vehicle. The spacecraft will have 
a pressurized volume of 690 cubic feet, with 316 cubic feet 
of habitable space and eventually will provide the habitable 
volume for missions beyond low Earth orbit. 

As the fiscal year drew to a close, NASA looked toward the 
future with the announcement of its design for a heavy-lift 
rocket. Called the Space Launch System (SLS), the rocket will 
be America’s most powerful launch vehicle since the Saturn 
V that carried Apollo astronauts to the Moon. This heavy-lift 
rocket will be capable of launching humans to new destinations 
beyond Earth orbit, including to asteroids and Mars.

The decision to build the SLS is the culmination of a months-
long, comprehensive review of potential designs to ensure that 
the Nation gets the best possible rocket for the investment—
one that is powerful and evolvable, so that NASA can adapt it to 
different missions as opportunities arise and new technologies 
are developed. 

MPCV sits in Lockheed Martin’s Vertical 
Testing Facility where it is being assem-
bled and tested. (Credit: Lockheed Martin)

http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts135/main/index.html
http://www.nasa.gov/mission_pages/station/research/experiments/RRM.html
http://www.asc-csa.gc.ca/eng/default.asp
http://www.nasa.gov/mission_pages/station/research/experiments/AMS-02.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts134/main/index.html
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/station/main/index.html
ww.nasa.gov/centers/kennedy/home/index.html
http://www.nasm.si.edu/udvarhazy/
http://www.nasm.si.edu/udvarhazy/
http://science.ksc.nasa.gov/shuttle/resources/orbiters/enterprise.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersdis.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersend.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersatl.html
http://www.nasa.gov/topics/shuttle_station/features/shuttle_homes.html
http://www.nasa.gov/exploration/systems/mpcv/index.html
http://www.nasa.gov/exploration/systems/mpcv/index.html
http://www.nasa.gov/exploration/systems/sls/index.html
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Strategic Goal 2: Expand scientific understanding of the Earth and the  
universe in which we live.

NASA’s work toward achieving Strategic Goal 2 covers the solar system, from the Sun to the outermost edge of the 
heliosphere, where the Sun’s influence ends, and beyond to the distant reaches of the universe. It includes applications 
that are part of daily lives, like weather reports and natural hazards monitoring, and science that answers big, fundamen-
tal questions: How did life on Earth begin? Is there life elsewhere? How and why are Earth’s climate and environment 
changing? How did stars, planets, and galaxies form and evolve?

The Science Mission Directorate conducts this work through four science themes: Earth Science, Heliophysics, Plan-
etary Science, and Astrophysics. Below are FY 2011 highlights from these themes.

Research shows how massive glaciers move

Scientists have not had a clear picture of Antarctic ice-sheet motion at the continental scale—until now. NASA-funded 
scientists have assembled a comprehensive, high-resolution, digital mosaic of ice motion in Antarctica that confirms 
some well-know behavior, but also reveals a wealth of new information. 

The vast extent of East Antarctica, representing about 77 percent of the continent, has been devoid of quality data. 
Only a few floating ice shelves have been mapped, and comprehensive velocity mapping has been limited to the lower 
reaches of key outlet glaciers. This lack of broad-scale detailed observations of ice motion has limited scientists’ abil-
ity to create numerical models of ice-sheet evolution. These types of models help scientists predict ice loss, sea level 
changes, climate and weather changes, and other related effects. 

This recent, comprehensive survey of Antarctica was obtained using 900 satellite tracks and more than 3,000 orbits of 
radar data collected during the International Polar Year, dedicated to scientific research of the Arctic and Antarctica. The 
data came from a variety of orbiting interferometric synthetic aperture radar (InSAR) instruments, including RADARSAT-2 
(Canada), Envisat Advanced Synthetic Aperture Radar, or ASAR (Europe), Advanced Land Observing Satellite (ALOS) 
Phased Array type L-band Synthetic Aperture Radar, or PALSAR (Japan) and the European Remote Sensing (ERS) 1/2 
satellite (Europe). Each instrument contributed unique coverage and performance.

The data showed that ice velocity ranges from about an inch a year near ice divides to a couple of miles a year on 
fast-moving glaciers and floating ice shelves. The distribution of velocities has one peak at 13 to 16 feet a year for the 
slow-moving ice in East Antarctica and another peak at 812 feet (250 meters) a year for fast-flowing glaciers and ice 
shelves. The scientists found the highest velocities 
at the Pine Island and Thwaites glaciers of West 
Antarctica, with rates several times those of any 
other glacier. This sector of the ice sheet is under-
going the most rapid change at present, over the 
widest area, and with the greatest impact on the 
total ice-sheet mass balance. 

The mosaic also provides insight into preferred 
channels of ice transport. It reveals that every 
major glacier is the merger of several tributaries 
that extend hundreds of miles inland. The sci-
entists note that in the Antarctic peninsula, the 
velocities of the tributaries of Wilkins Ice Shelf and 

The color-coded map, done on a logarithmic scale and 
overlaid on a MODIS mosaic of Antarctica, shows the 
areas of highest ice sheet movement velocities in red 
and blue, with red exceeding 3,250 feet (1,000 meters) 
a year. The lowest velocities are in orange and yellow. 
The black lines delineate ice divides and subglacial 
lakes. The fast-moving Pine Island and Thwaites gla-
ciers are at center left. The Wilkins and Georges VI 
ice shelves are on the peninsula at upper left. (Credit: 
NASA/JPL-Caltech/UCI)

http://science.nasa.gov/
http://science.nasa.gov/earth-science/
http://science.nasa.gov/heliophysics/
http://science.nasa.gov/planetary-science/
http://science.nasa.gov/planetary-science/
http://science.nasa.gov/astrophysics/
http://www.asc-csa.gc.ca/eng/satellites/radarsat2/
http://envisat.esa.int/instruments/asar/
http://www.eorc.jaxa.jp/ALOS/en/about/about_index.htm
http://www.eorc.jaxa.jp/ALOS/en/about/palsar.htm
http://earth.esa.int/ers
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of the northern sector of George VI Ice Shelf abruptly transition to zero when they mix with the floating ice shelves, where 
ice-shelf melt is greatly increased by the underlying warm ocean.

The observation that ice flow in Antarctica is driven by a complex set of meandering, size-varying, speed-varying, 
intertwined tributaries—most likely dominated by basal-slip motion, when the weight of a glacier exerts enough pres-
sure to melt the ice where it touches the ground, forming a lubricant—challenges the traditional view of ice-sheet flow 
constrained by internal deformation, and disconnected from coastal regions. Since this latter view has usually been 
adopted as the basis for continental-scale ice-sheet modeling, the new reference map will help to improve reconstruc-
tions of past and ongoing changes in Antarctica, as well as predictions of future ice-sheet evolution in a warming climate. 
A paper, Ice Flow of the Antarctic Ice Sheet, about the reference map and related findings was published by Science 
online August 18, 2011. 

Spacecraft watches the Sun wake from a long solar minimum

As 2011 unfolded, NASA’s Solar Dynamics Observatory 
(SDO) monitored as the Sun has “woken” from the deep-
est solar minimum in nearly a century. On February 15 
and again on March 9, SDO detected a pair of “X-class” 
solar flares—a powerful kind of x-ray flare. The last such 
eruption before February 2011 occurred in December 
2006. Another eruption on March 7 hurled a billion ton 
cloud of plasma away from the Sun at five million miles 
per hour. The rapidly expanding cloud was strong enough 
to deliver enough energy into Earth’s auroral zone to send 
the Northern Lights into the lower latitudes of Wisconsin, 
Minnesota, and Michigan.

Beginning in 2008, sunspots all but vanished, solar flares 
subsided, and the Sun was eerily quiet. These solar 
minima come along every 11 years or so as a natural part 
of the solar cycle, but this particular solar minimum lasted 
much longer than usual. SDO provides continual full-disk 
coverage of the Sun at higher resolution, so researchers 
are able to closely follow changes in solar activity as part 
of their effort to better understand the Sun’s effect on the 
space environment. With the return of sunspots will come 
more solar activity including X-class flares and the return 
of solar maximum, likely in 2013. (Find out more about 
X-class solar flares.)  

Researchers have identified the consequences of the quiet Sun in every part of the heliophysics regime. These include 
the highest fluxes of cosmic rays recorded by near-Earth spacecraft and extremely low densities of the upper atmo-
sphere that extends the life of potentially harmful space debris in low-Earth orbit. NASA sponsored a research workshop 
on the Causes and Consequences of Solar Cycle 24. Many processes driven by solar disturbances were considerably 
quieted during this solar minimum, providing a rare opportunity to study the heliophysics system in an almost “back-
ground” state. Many different systems were affected, but one characteristic that all seem to share is that there is more 
significant coupling between regions than previously thought.

New evidence suggests water flowing on Mars

Data collected by NASA Mars missions indicate that water probably flowed across ancient Mars, but whether it exists on 
the surface today is a topic of debate. However, a new sequence of images taken by the Mars Reconnaissance Orbiter 
(MRO) show linea—narrow, dark streaks on steep slopes—that appear and incrementally grow during warm seasons 
and fade in cold seasons, indicating that they are formed by liquid water moving down-slope on or near the surface. 

The linea extend down from bedrock outcrops, with hundreds of them forming in some rare locations. They appear and 
lengthen in the late southern spring and summer, when peak surface temperatures range from approximately 250 to 
300 kelvin (-10 to 80 degrees Fahrenheit). Liquid brines near the surface might explain this activity, but researchers do 
not understand the exact mechanism and source of water. This work is important to NASA’s objective to understand the 
processes that determine the history and future of habitability of Mars. (Read more on this story.)

On August 9, 2011, the Sun emitted an X6.9 (an X-class) flare, as 
observed here by SDO in extreme ultraviolet light. These gigan-
tic bursts of radiation are often associated with solar eruptions 
known as coronal mass ejections that can cause geomagnetic 
storms. Effects of these storms can cause disturbances in the 
uppermost atmospheric layers, which disrupt GPS and commu-
nications signals. (Credit: NASA)

http://www.sciencemag.org/content/333/6048/1427.full
http://www.nasa.gov/mission_pages/sdo/main/index.html
http://www.nasa.gov/mission_pages/sdo/main/index.html
http://heliophysics.nasa.gov/SolarMinimum24/SolarMinimum24.html
http://www.nasa.gov/mission_pages/MRO/main/index.html
http://www.nasa.gov/mission_pages/MRO/main/index.html
http://www.nasa.gov/mission_pages/MRO/news/mro20110804.html
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Recurring slope linea do not appear in late winter (first from left). By early spring (second), the slope shows the beginning of the linea, visible 
as dark parallel lines. Mid-summer (third) shows dramatic, high-contrast linea, which begin to fade in the fall (forth, on the right). (Credit: 
NASA/JPL-Caltech/Univ. of Arizona)

Firsts beyond the solar system: planet orbiting two suns and a carbon-rich planet

The existence of a world with a double sunset, as portrayed in the film Star Wars more than 30 years ago, is now a 
scientific fact. NASA’s Kepler mission has made the first unambiguous detection of a circumbinary planet—a planet 
orbiting two stars—200 light-years from Earth. Unlike Star Wars’ Tatooine, the planet is cold, gaseous, about the size 
of Saturn and not thought to harbor life, but its discovery demonstrates the diversity of planets in the Milky Way galaxy. 
Kepler detected the planet, officially known as Kepler-16b, by observing transits, where the brightness of a parent star 
dims from the planet crossing in front of it. The parent stars are smaller than Earth’s Sun. One is 69 percent the mass 
of the Sun and the other only 20 percent. Kepler-16b orbits around both stars every 229 days, similar to Venus’ 225-day 
orbit, but lies outside the system’s habitable zone, where liquid water could exist on the surface because the stars are 
cooler than Earth’s Sun. Kepler’s mission is to search for Earth-sized planets in or near habitable zones. (Read more 
about this story.)

NASA’s Spitzer Space Telescope observed a huge, searing-hot planet, orbiting a single star, loaded with an unusual 
amount of carbon. The planet, a gas giant named WASP-12b, is the first carbon-rich world ever observed. Carbon is 
a common component of planetary systems and a key ingredient of life on Earth. None of the planets in Earth’s solar 
system is known to have more carbon than oxygen, though this ratio is unknown for Jupiter, Saturn, Uranus, and Nep-
tune. Unlike WASP-12b, these planets harbor water—the main oxygen carrier—deep inside their atmospheres, making 
the oxygen hard to detect and quantify. WASP-12b has excess carbon, some of which is in the form of atmospheric 
methane. Curiously, the parent star itself has a carbon-to-oxygen ratio that is similar to that of the Sun. How the planet 
became enriched in carbon relative to its parent star is an unsolved mystery that NASA will investigate as it continues to 
pursue the objective to generate a census of extrasolar (beyond the solar system) planets and measure their properties. 
(Read more about this story.)

Strategic Goal 3: Create the innovative new space technologies for our 
exploration, science, and economic future.

NASA’s technology development programs advance mission capabilities and effectiveness, enable scientific discovery, 
and improve the capabilities of other government agencies and the aerospace industry. NASA’s work toward achieving 
this strategic goal addresses three categories of technology investments that will span the technology readiness level 
(TRL) spectrum. 

The first set of technology investments focuses on fostering early-stage innovation in which a multitude of concept 
technologies are developed through a process of idea generation, research, innovation, and experimentation. 

The second category focuses on taking the best low-TRL technologies (those studied under the first category) and 
determining which of these potentially “game changing” innovations and technologies are viable through further technol-
ogy development, prototyping, experimentation, testing, and demonstrations. 

The third type of technology investment supports technology development targeting near-term, unique spacecraft or 
mission needs. Through focused studies, dialogue, and development activities across NASA, as well as with academia 
and industry, these technology activities will provide improved future technologies that are closely aligned with known 
requirements.

http://www.nasa.gov/mission_pages/kepler/main/index.html
http://www.nasa.gov/mission_pages/kepler/news/kepler-16b.html
http://www.nasa.gov/mission_pages/spitzer/main/index.html
http://www.nasa.gov/mission_pages/spitzer/news/spitzer20101208.html
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NASA’s new Space Technology Program gets off to a great start

In FY 2011, the Office of the Chief Technologist (OCT) inaugurated its Space Technology Program portfolio, which 
focuses on developing and demonstrating advanced space systems concepts and technologies to enable NASA’s mis-
sions. Below are some of the accomplishments from the first year.  

In 2008, Congress directed the National Academies to conduct a review of the effectiveness of the NASA Institute for 
Advanced Concepts (NIAC), which served Agency needs from 1998 to 2007. Based on the National Academies’ recom-
mendations and the results of an October 2009 hearing by the U.S. House of Representatives Subcommittee on Space 
and Aeronautics, NASA re-established NIAC—now called the NASA Innovative Advanced Concepts Program. During 
the fiscal year, NIAC made its first 30 awards for early investments and partnerships with creative scientists, engineers, 
and citizen inventors from across the Nation. These investments have the potential to pay huge technological dividends 
and help maintain America’s leadership in the global technology economy. (Read more about the selected 30 proposals.)

NASA conducted the Green Flight Centennial Challenge, created to inspire the development of more fuel-efficient 
aircraft and spark the start of a new electric airplane industry. The winning teams, which were both electric powered, 
shattered the fuel efficiency requirement by achieving about twice the required passenger miles per gallon. NASA has 
awarded the largest prize in aviation history to the first place team, which developed an electric-powered aircraft that 
flew 200 miles using a little over a half-gallon of fuel equivalent per passenger.

NASA implemented a Space Act Agreement with the Colorado Association for Manufacturing and Technology (CAMT) 
in December 2010 to promote the commercialization of technology developed for the space program through the 
creation of a Technology Acceleration Program and Regional Innovation Cluster for Aerospace and Clean Energy. The 
NASA–CAMT partnership will help companies bridge the gap between prototype design, manufacturing, and commer-
cialization, while identifying commercial applications for NASA technologies. (Read more about this story.)

In the area of Crosscutting Capabil-
ity Demonstrations, NASA selected 
three Technology Demonstration 
Missions projects to transform space 
communications, deep space naviga-
tion, and in-space propulsion capa-
bilities. These crosscutting flight 
demonstrations—a space solar sail, 
a deep space atomic clock, and a 
space-based optical communications 
system—have potential to provide 
tangible, near-term products and to 
infuse high-impact capabilities into NASA’s future space operations missions and other U.S. government and com-
mercial space activities. (Read more about the selections.) NASA made key steps to foster the development of the 
commercial reusable suborbital transportation industry in August 2011, an important step in the longer-term path that 
envisions suborbital reusable launch vehicles evolving to provide the Nation with much lower-cost, more frequent, and 
more reliable access to orbital space. NASA selected seven companies to integrate and fly technology payloads on 
their commercial suborbital reusable platforms, which will carry payloads near the boundary of space. NASA will draw 
from this pool of commercial space companies to deliver payload integration and flight services as part of the Flight 
Opportunities Program. (See the list of chosen providers.) Through this catalog approach, NASA is moving toward the 
goal of making frequent, low-cost access to near-space available to a wide range of engineers, scientists and technolo-
gists. The government’s ability to open the suborbital research frontier to a broad community of innovators will enable 
maturation of the new technologies and capabilities needed to enhance future activities in space.

NASA Deputy Administra-
tor Lori Garver (front right) 
and Elaine Thorndike, chief 
executive officer of CAMT 
sign historic Space Act 
Agreement at the Colorado 
State Capitol Building in 
Denver to promote the com-
mercialization of technology 
developed for the space pro-
gram. (Credit: NASA)

http://www.nap.edu/catalog.php?record_id=12702
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/index.html
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/2011_phase1_selections.html
http://www.nasa.gov/topics/technology/centennial/green_skies.html
http://www.nasa.gov/home/hqnews/2010/dec/HQ_10-328_Tech_Signing.html
http://www.nasa.gov/offices/oct/crosscutting_capability/index.html
http://www.nasa.gov/offices/oct/crosscutting_capability/index.html
http://www.nasa.gov/offices/oct/crosscutting_capability/tech_demo_missions.html
http://www.nasa.gov/offices/oct/crosscutting_capability/flight_opportunities/index.html
http://www.nasa.gov/offices/oct/crosscutting_capability/flight_opportunities/index.html
http://www.nasa.gov/home/hqnews/2011/aug/HQ_11-258_Flight_Opportunities.html
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A key enabler for American commerce and mobility, U.S. 
commercial aviation is vital to the Nation’s economic 
well-being. NASA’s aeronautics research contributes sig-
nificantly to air travel innovation by exploring early-stage 
concepts and ideas, developing new technologies and 
operational procedures through fundamental research, 
and demonstrating the potential of promising new vehi-
cles, operations, and safety technology in relevant envi-
ronments. To achieve this strategic goal, NASA focuses 
on the most appropriate cutting-edge research and tech-
nologies to overcome a wide range of aeronautics chal-
lenges for America’s current and future transportation 
system.

NASA supports safer flight operations

Anomalous flights contain data points that are significantly 
different from other comparable flights. These events, 
known as anomalies, could be a pilot configuring the air-
plane for landing (setting flaps and gear) at an inappropri-
ate time, excessive maneuvering close to the ground, or unexpected readings from an airplane system. Anomalies may 
signify operationally significant events that can have a potential impact on flight safety. However, they are contained 
within massive data sets and it would be too time consuming for human analysts to find them without support from 
highly capable algorithms. NASA’s Aviation Safety Program is developing data mining algorithms that will detect anoma-
lous flights from within these large datasets, helping analysts identify potential safety issues and conduct targeted stud-
ies. Currently when an algorithm detects a statistically significant anomaly, a human subject matter expert reviews the 
event to determine if it is operationally significant. This step ensures that a potential issue discovered by the algorithm 
could actually affect flight safety. If an analyst confirms a possible problem, an airline may consider multiple mitigation 
paths to prevent it from recurring or minimize its safety impact.

This fiscal year, the Aviation Safety Program developed an algorithm that incorporates the novel approach of concur-
rently considering three different data types: discrete (event-driven), continuous, and text records. The goal is to develop 
data-driven anomaly detection algorithms that can quickly identify the anomalous flights to narrow the analyst’s attention 
to those relatively few flights that could contain operationally significant anomalies. The algorithm, developed as part of 
this work, is able to perform this task by using flight-recorded data and, when available, associated text reports. Flight 
recorders provide discrete variables—typically representing pilot-controlled inputs such as flap position and warnings 
such as low oil pressure—and continuous variables—usually representing measurements such as altitude, airspeed, 
and vertical speed. The text reports are provided by pilots, cabin crew, or others associated with the flight, and typically 
discuss problems that occurred during the flight. The algorithm is scalable, and therefore, can be supplied with a large 
volume of flight data.

So far, the Aviation Safety Program has tested up to 177,000 flights, using data supplied by industry partner EasyJet. 
Based on indications provided by the French aerospace research agency, ONERA, and by a retired pilot who provides 
consultation, they identified three types of operationally significant anomalies present in the flight data. The Aviation 
Safety Program also found that the new algorithm improved significantly upon a prior algorithm, identifying all anomalies 
previously identified, as well as several additional operationally significant anomalies, including altitude deviation, flap 
speed exceedance, and unstable approach. Additionally, the new algorithm’s execution time was no more than five per-
cent greater than the execution time of an earlier algorithm, so the inclusion of text records does not lead to a significant 
execution time penalty.

Going forward, the Aviation Safety Program plans to test the algorithm on even larger datasets. In FY 2012, it will con-
duct a test on a large 10 terabyte file to determine whether the algorithm can still detect statistically and operationally 
significant anomalies. This file size is consistent with those available by commercial airlines and through the Federal 
Aviation Administration-run Aviation Safety Information Analysis and Sharing (ASIAS) System. As an ultimate goal, the 
program wants analysts to be able to mine the extensive data fields to uncover new areas of potential safety issues that 
the aviation safety community has not previously considered.

A NASA data mining algorithm allows analysts to probe  an exten-
sive repository containing different data types, including con-
tinuous and discrete flight data and text records. Subject matter 
experts can take a closer look at any anomalous sequences 
detected by the algorithm to determine if a possible safety issue 
exists. (Credit: NASA)

Strategic Goal 4: Advance aeronautics research for societal benefit.

http://www.aeronautics.nasa.gov/programs_avsafe.htm
http://corporate.easyjet.com/
http://www.onera.fr/english.php
http://www.asias.faa.gov/portal/page/portal/asias_pages/asias_home/
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Strategic Goal 5: Enable program and institutional capabilities to conduct 
NASA’s aeronautics and space activities.
Successful missions are enabled by mission support offices, which 
provide program capabilities and institutional capabilities. NASA’s 
program capabilities, which are focused on meeting multiple com-
plex programmatic objectives, encompass NASA-unique facili-
ties, management of scientific and engineering workforce, and the 
equipment, tools, and other required resources. The institutional 
capabilities encompass a broad range of essential technical and 
non-technical corporate functions for the entire Agency, such as 
safety and mission assurance, security capabilities, information 
technologies, and human capital management.

Facilities for the future

NASA’s physical infrastructure is critical to enable mission suc-
cess. However, numerous analyses have concluded that NASA 
facilities are no longer suitable to meet current and future require-
ments. During 2011, NASA made significant progress in identify-
ing and implementing a strategy that will enable the Agency to 
evolve toward the most efficient retention, sizing, and distribution 
of facilities, laboratories, test capabilities, and other infrastructure 
consistent with NASA’s missions and mandates. 

Such evolution includes identifying and removing unneeded or duplicative infrastructure. NASA completed Phase I of the 
NASA Technical Capabilities (NTC) Assessment Task, which put into place a new process and a new database tool that 
will help NASA balance institutional capabilities with the needs of NASA’s future missions. The process and tool enable 
an integrated assessment of the supply of technical capabilities across all NASA Centers with the demand for technical 
capabilities across all NASA programs, relating the required resources associated with a capability to program fund-
ing and workforce requirements.  The value of this new approach was demonstrated at a 2011 Agency-level Technical 
Capability Forum, where NASA resolved a significant number of supply and demand gaps. 

The NTC Assessment Task has laid the groundwork necessary for NASA to arrive at long-term facilities solutions that 
will preserve and provide the institutional resources needed to support NASA’s evolving mission.

NASA buildings are green

Kennedy Space Center rang in 2011 with the grand opening of NASA’s “greenest” facility on January 20. As the new 
hub for fueling spacecraft on journeys to unlock the mysteries of the universe, the Propellants North Administrative and 
Maintenance Facility will use natural resources to power 
buildings and vehicles at Kennedy. More than 300 photo-
voltaic panels on the roof are expected to generate more 
energy than the facility will need, making it NASA’s first 
net-zero facility. The new facility also will become a test 
bed for more environmentally friendly projects at NASA 
Centers by making sure every aspect is truly green.

The facility qualifies for the U.S. Green Building Coun-
cil’s (USGBC’s) Leadership in Environmental and Energy 
Design, or LEED, Platinum status, which is the highest of 
green building certifications. That certification system is 
based on scores generated by a point system in which 
the USGBC rates construction. The construction is rated 
in several environmentally friendly areas, including the 
use of sustainable sites, materials and resources, water 
and energy efficiency, indoor environmental quality, and 
design innovation.

At the newly remodeled Launch Control Center’s Young-
Crippen Firing Room at NASA’s Kennedy Space Center, 
engineering directorate personnel demonstrate the 
recently added Space Command and Control System, 
which will be used for launches of future human space-
flight vehicles. In use since the Apollo era, the Firing 
Room was rewired and received new equipment and 
furnishings. (Credit: NASA/J. Grossmann)

Part of the parking lot at the Propellants North 
facility is tailor-made for electric cars. The cov-
ered area features plug-in stations for electric 
vehicles. (Credit: NASA/F. Michaux)

ww.nasa.gov/centers/kennedy/home/index.html
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
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NASA’s missions are a natural means of interacting with the public and supporting students and teachers. Through the 
excitement of missions and activities, NASA helps stimulate student interest and achievement in science, technology, 
engineering, and mathematics (STEM) fields. STEM-focused educators use their skills to motivate student achievement 
and spur creative and critical thinking both in and out of the classroom. In developing student interest and skills, future 
workers will be prepared to solve technical challenges that benefit the Nation and improve the quality of life on Earth.  
Furthermore, an American public that is knowledgeable and interested in science, aeronautics, and exploration will value 
the impact of advances in these fields that help maintain global competitiveness and a robust economy.

To achieve this strategic goal, NASA Education and the Office of Communications partner with the mission directorates 
and offices within the Mission Support Directorate, other government agencies, non-profit organizations, academia, and 
industry.

Education Design Team recommendations set the course for the future of NASA education

After several months of intense effort this fiscal year, the Education Design Team (EDT) completed its mission in January 
2011 by issuing its final report. The EDT report contained several recommendations for the development of a new, sus-
tainable, and innovative science, technology, engineering, and mathematics (STEM) education program at NASA. Once 
implemented, these recommendations will enable NASA to do its part to ensure there are highly educated students in 
the Nation’s STEM pipeline, allowing the United States to compete, prosper, and be secure in the 21st century global 
community (read report PDF).

Chartered by the NASA Administrator and deputy administrator, the EDT was composed of 12 members chosen from 
the Office of Education, mission directorates, mission support offices, and Centers based on their depth of knowledge 
and education expertise. The EDT charter called for an evaluation of  the Agency’s education programs within the con-
text of current trends in education.  

In July, NASA celebrated the 25th anniversary 
of its longest running internship program, the 
Langley Aerospace Research Summer Scholars 
(LARSS) project. As part of the celebration, interns 
toured facilities at Langley Research Center, 
including the wind tunnel shown here. LARSS 
helps to preserve U.S. leadership in aeronautics 
and space science by producing a well-educated, 
well-trained, and diverse engineering and science 
workforce. LARSS has served as a first-of-its-kind 
model for internship, mentoring, and development 
programs at other NASA centers and was recently 
ranked sixth on the list of “10 Best Internships for 
2011” by Vault Career Intelligence. (Credit: NASA)

Strategic Goal 6: Share NASA with the public, educators, and students to 
provide opportunities to participate in our Mission, foster innovation and 
contribute to a strong national economy.

In June, the Langley Research Center was pleased to find out that its new headquarters building also received a “Plati-
num” status—the highest rating—from the LEED program. It’s the first of a planned $330 million program to replace 
and upgrade center facilities with the future in mind. The building, called Building 2101, had 52 points, just inside the 
platinum scale.

http://www.nasa.gov/offices/education/about/index.html
http://msd.hq.nasa.gov/
http://www.nasa.gov/pdf/536766main_Education-Recommendation-Report_Final.pdf
http://www.nasa.gov/offices/education/programs/descriptions/Langley_Aerospace_Research_Summer_Scholars_Project.html
http://www.nasa.gov/offices/education/programs/descriptions/Langley_Aerospace_Research_Summer_Scholars_Project.html
http://www.vault.com/wps/portal/usa
http://www.nasa.gov/centers/langley/home/index.html
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The EDT used a systems design approach, using top-level requirements to analyze all parts of the existing NASA edu-
cation system to identify opportunities for improvement. By taking into account national education priorities and goals, 
Administration guidance, Congressional direction, as well as insight from nationally recognized education experts, the 
EDT critically evaluated NASA’s existing education efforts. The resulting outcome was six recommendations intended to 
improve the impact of NASA’s Education Program. The EDT’s three programmatic recommendations were: 

•	 Focus	the	NASA	Education	Program	to	improve	its	impact	on	areas	of	greatest	national	need.	

•	 Identify	and	strategically	manage	NASA	Education	partnerships.	

•	 Participate	in	national	and	state	STEM	education	policy	discussions.	

Their three organizational recommendations were: 

•	 Establish	a	structure	to	allow	the	Office	of	Education,	Centers,	and	mission	directorates	to	implement	a	strategically	
integrated portfolio. 

•	 Expand	the	charter	of	the	Education Coordinating Committee to enable deliberate education program design and 
evaluation. 

•	 Improve	communication	to	inspire	learners.	

Since the acceptance of the EDT recommendations by the NASA associate administrator for Education in February 
2011, multiple cross-Agency teams comprised of education stakeholders, including representatives from the Headquar-
ters Office of Education, Center Education offices, and mission directorates, have been aggressively working to develop 
an implementation plan. The EDT’s recommendations have provided a foundation for improving NASA’s educational 
offerings, which will allow the Agency to play a leading role in inspiring student interest in STEM disciplines through its 
unique workforce, facilities, research and innovations.

http://education.nasa.gov/about/advcommittee/index.html
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Verification and Validation of NASA’s Performance 
Information
Verification and validation processes ensure that performance goals are measurable, with a direct connection to an 
Agency’s mission, and that performance data is accurate, complete, consistent, and current. NASA has verified and 
validated that the Agency’s mission directorates and mission support offices have procedures in place for collecting, 
maintaining, and processing accurate performance data and can assure Congress and the public that reported perfor-
mance information is credible. 

Each mission directorate, including each office within the Mission Support Directorate and the Office of Education, has 
a process in place for assessing performance and assigning ratings to their performance goals and annual performance 
goals. Program officials submit to NASA management the supporting performance information that justifies each rating 
in accordance with NASA’s internal quarterly performance reporting process. NASA conducts additional reviews and 
evaluations of reported performance data to assess whether the information submitted is consistent with information 
reported at other internal reviews, or assessments by external independent entities, and complete enough to portray 
an accurate picture of NASA’s performance. This annual performance reporting and verification process culminates in 
this report.
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Financial Highlights

Results of Operations

This section analyzes and discusses NASA’s Financial Statements and its stewardship of the resources provided to 
NASA by Congress to carry out its mission. The Financial Statements, which present the results of NASA’s operations 
and financial position, are the responsibility of NASA’s management.  

NASA’s financial statements and accompanying notes are presented in their entirety in the Financials section (see page 
191). NASA prepares the Consolidated Balance Sheet, Consolidated Statement of Net Cost, Consolidated Statement 
of Changes in Net Position and Combined Statement of Budgetary Resources, which provide the financial results of 
operations. This overview focuses on the key information provided in the statements, which describes NASA’s steward-
ship of the resources provided to it by Congress to carry out its mission. 

NASA’s net cost of operations for FY 2011 was $18.6 billion, a decrease of $2.7 billion, or thirteen percent compared 
to FY 2010. This decrease primarily represents reduced activity in FY 2011 for the International Space Station (ISS) and 
Space Shuttle Program (SSP). Most of NASA’s Research and Development and Other Initiatives (R&D/Other) empha-
sized programs are essential to achieving various strategic goals. 

NASA’s programs and activities are carried out through four R&D/Other initiatives: Aeronautics Research, Exploration 
Systems, Science, and Space Operations. The Consolidated Statement of Net Cost presents NASA’s net costs by R&D/
Other initiatives, which is summarized in the table below. The net cost of operations is the gross cost incurred by NASA, 
less any earned revenue for work performed for other government organizations and the public. 

Science and Space Operations initiatives had the largest net costs in FY 2011 at $6.0 billion and $7.2 billion, respectively.  
The accompanying table provides net cost comparisons for FY 2011 and FY 2010 across the four major initiatives.
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Cost by Research and Development and Other Initiatives 
(In Millions of Dollars)

R&D/ Other Initiatives Audited 2011 Audited 2010 % Change

Aeronautics Research

Gross Costs $ 808 $ 816 -1%

Less:  Earned Revenue 119 119 0%

Net Costs 689 697 -1%

Exploration Systems

Gross Costs 4,791 5,360 -11%

Less:  Earned Revenue 68 62 10%

Net Costs 4,723 5,298 -11%

Science

Gross Costs 7,030 6,697 5%

Less:  Earned Revenue 1,019 649 57%

Net Costs 6,011 6,048 -1%

Space Operations

Gross Costs 7,253 9,694 -25%

Less:  Earned Revenue 58 429 -86%

Net Costs 7,195 9,265 -22%

Net Cost of Operations

Gross Costs 19,882 22,567 -12%

Less:  Earned Revenue 1,264 1,259 0%

Net Costs $ 18,618 $ 21,308 -13%

A significant portion of the decrease in net costs relates to general costs for goods and services used in operations 
across NASA programs, with the majority for the ISS. Remaining costs are allocated to R&D/Other initiatives.  

Aeronautics Research net cost decreased one percent in FY 2011.  The Fundamental Aeronautics and Aviation 
Safety programs decreased. These costs were primarily offset by the Integrated Systems Research Program costs 
that increased. The Integrated Vehicle Health Management project was realigned with the Aviations Safety program to 
improve programmatic content. 

Exploration Systems net cost decreased eleven percent from FY 2010 to FY 2011 primarily due to a decrease in costs 
related to the Constellation Systems Program. This decrease was somewhat offset by an increase in costing by the 
commercial crew and cargo development programs, which is consistent with the transition to the new human space 
flight directions, and the start-up phase of the new programs.  

Science net cost decreased one percent in from FY 2010 to FY 2011. This change primarily reflects increased revenue 
in the Earth Science Geostationary Operational Environmental Satellite project and reimbursable authority for the Joint 
Polar Satellite System.  These increases in net cost were partially offset by a decrease in the Polar Operational Environ-
mental Satellite (POES) project.

Space Operations net cost decreased twenty-two percent from FY 2010 to FY 2011. This is primarily due to the 
completion of the operational phase of the Space Shuttle Program (SSP), the transition and retirement of the program 
elements, and the assembly of the U.S. portions of the International Space Station (ISS), consistent with the transition to 
the new human space flight directions.
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Sources of Funding
NASA receives funds to support its operations primarily through Congressional appropriations. NASA’s budgetary 
resources for FY 2011 totaled $21.3 billion, of which $615 million is the unobligated balance brought forward from 
FY 2010. NASA’s source and use of budgetary authority is summarized in the table below.

NASA Budgetary Resources
(In Millions of Dollars)

Line Item Audited 2011 Audited 2010 % Change

New Budget Authority $ 18,449 $ 18,725 -1%

American Recovery and Reinvestment Act — 4 -100%

Unobligated Balance Brought Forward 615 1,320 -53%

Other Resources 2,252 1,460 54%

Total Budgetary Resources $ 21,316 $ 21,509 -1%

Total Obligations Incurred 20,639 20,894 -1%

Total Unobligated $ 677 $ 615 10%

New Budget Authority which represents eighty-seven percent of NASA’s total budgetary resources for FY 2011, was 
provided by Congress primarily through two-year appropriations. The Agency’s funding appropriations decreased by 
$276 million, which included a rescission of $37 million.  

Other Resources include realized reimbursable income for sharing NASA technology and providing services to other 
Federal agencies and public entities, and recoveries of budgetary resources that were obligated in a previous year.  
Other Resources increased by fifty-four percent in FY 2011 primarily for work performed for certain satellites, Geosta-
tionary Operations Environmental Satellite, and Polar Operations Environmental Satellite projects.   

Obligations Incurred represents NASA’s use of $20.6 billion of available budgetary resources to accomplish the Agen-
cy’s goals within its four R&D/Other initiatives. Obligations Incurred decreased by one percent between FY 2011 and 
FY 2010. The reduction in obligations for appropriated funds was due to a decrease in the Agency’s appropriations in 
FY 2011.

Balance Sheet

Assets

Total assets as of September 30, 2011 were $19.3 billion, an increase of $1 billion compared to September 30, 2010.  
The major categories of assets are detailed in the table below.

NASA Assets 
(In Millions of Dollars)

Line Item Audited 2011 Audited 2010 % Change

Property, Plant & Equipment $ 9,840 $ 9,635 2%

Fund Balance with Treasury 9,395 8,601 9%

Other 107 92 16%

Total Assets $ 19,342 $ 18,328 6%
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NASA’s largest category of assets is Property, Plant and Equipment (PP&E), which increased two percent or $205 
million in FY 2011. This increase is due to an increase in activity for certain satellites with the Air Force programs.

Fund Balance with Treasury (FBWT) represents NASA’s cash balance at the Department of Treasury. FBWT increased 
by nine percent or $794 million.  

Other includes investments of $17 million and Accounts Receivables of $90 million in FY 2011. Accounts Receivable 
increased by $19 million and primarily relating to billings due for certain satellites with the Air Force programs to replenish 
the aging fleet of communications spacecraft in the space network.

Liabilities

Total liabilities as of September 30, 2011 were $4.6 billion, an increase of $336 million compared to September 30, 2010.  
The major categories of liabilities are detailed in the table below.  

NASA Liabilities 
(In Millions of Dollars)

Line Item Audited 2011 Audited 2010 % Change

Accounts Payable $ 1,530 $ 1,462 5%

Other Liabilities 1,623 1,755 -8%

Environmental and Disposal Liabilities 1,445 1,041 39%

Federal Employee and Veteran’s Benefits 51 55 -7%

Total Liabilities $ 4,649 $ 4,313 8%

Accounts Payable, which represents amounts owed to other entities for goods and services received, increased by 
$68 million in FY 2011. This is due to an increase in liabilities for certain satellites and the Mars Science Lab projects. 

Other Liabilities represents estimated contractor costs incurred but not yet paid, as well as contingent liabilities for 
litigation claims, accrued payroll and related costs; which decreased by $132 million. The reduction is due to lower 
estimated contractor costs for Space Shuttle Program activity in FY 2011 compared to FY 2010. The Space Shuttle 
was retired in FY 2011. Other liabilities relating to employee payroll were also lower due to less days of payroll accrual 
in FY 2011 compared to FY 2010.

Environmental and Disposal Liabilities are estimated cleanup costs for actual or anticipated contamination from 
waste disposal methods, leaks, spills, and other NASA activity that created, or could create, a public health or envi-
ronmental risk, and cleanup costs associated with the removal, containment, and/or disposal of hazardous wastes or 
material and/or property. In FY 2011, NASA recorded an additional $404 million dollars of environmental and disposal 
liabilities to reflect the estimated total cost of environmental cleanup on known hazardous conditions bringing the total 
to $1,445 million, which includes anticipated cleanup at disposal for Space Shuttle and PP&E. The amount recorded in 
FY 2010 was $1,041 million. The majority of the increase is due to changes in individual project estimates and additional 
liabilities from disposal-related cleanup costs for PP&E. 

Federal Employee and Veteran Benefits are amounts that the Department of Labor estimates on behalf of NASA for 
future worker’s compensation liabilities for current employees. The estimate for future worker’s compensation benefits 
includes the expected liability for death, disability, medical and miscellaneous costs for approved compensation cases, 
plus a component of claims incurred but not reported. 
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Line Item Audited 2011 Audited 2010 % Change 

Unexpected Appropriations $ 6,528 $ 5,706 14%

Cumulative Results of Operations 8,165 8,309 -2%

Total Net Position $ 14,693 $ 14,015 5%

Unexpended Appropriations were higher by fourteen percent or $822 million in FY 2011 due to lower Appropriations 
Used primarily resulting from limited budget funding under the Continuing Resolution (CR), during FY 2011, which 
resulted in less disbursements and the delay of procurements.  

Cumulative Results of Operations were lower by two percent or $144 million in FY 2011. During FY 2010 NASA 
adopted a change in accounting principle which reduced the FY 2011 beginning balance of the CRO by $2.0 billion. This 
decrease was offset by a change in the Net Cost of Operations and Total Financing Sources of $1.9 billion in FY 2011.

Net Position

Net Position is comprised of both Cumulative Re¬sults of Operations (CRO) and Unexpended Appropriations and 
increased by $678 million as compared to FY 2010. 

NASA Net Position 
(In Millions of Dollars)
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Management Assurances

Administrator’s Statement of Assurance

NASA management is responsible for establishing and maintaining effective internal control and financial management 
systems that meet the objectives of the Federal Managers’ Financial Integrity Act (FMFIA), as well as related laws and 
guidance. NASA is committed to a robust and comprehensive internal control program. We recognize that ensuring 
the effective, efficient, and responsible use of the resources that have been provided to the Agency is not only good 
stewardship, but also the right approach to maximizing our progress toward the realization of our goals. Within the 
Agency, I have made it clear that I am responsible for establishing and maintaining a sound system of internal control. 
In turn, I have made these responsibilities clear to my program management, mission support offices, and Center man-
agement—and they have communicated this responsibility to their subordinates. As a result, managers and employees 
throughout the Agency are active on a daily basis in identifying or updating key control objectives, assessing risks, 
implementing controls or other mitigating strategies, conducting reviews, and taking corrective actions as necessary.   

NASA conducted its assessment of the effectiveness of internal control over operations and compliance with applicable 
laws and regulations in accordance with Office of Management and Budget (OMB) Circular A-123, Management’s 
Responsibility for Internal Control. Based on the results of this evaluation, NASA can provide reasonable assurance 
that its internal controls over the effectiveness and efficiency of operations and compliance with applicable laws and 
regulations as of September 30, 2011, were operating effectively and no material weaknesses were found in the design 
or operation of the internal controls. NASA is also in conformance with Section 4 of FMFIA.  

In addition, NASA’s Office of the Chief Financial Officer (OCFO) performs an annual self-assessment review of the 
effectiveness of internal controls over financial reporting in compliance with OMB Circular A-123, Appendix A, “Internal 
Control Over Financial Reporting.” During the current year, no material weaknesses were identified in the design and 
operation of internal controls over financial reporting. Accordingly, NASA makes an “unqualified statement of assurance” 
that its internal controls over financial reporting as of June 30, 2011, were operating effectively. 

In accordance with the requirements of the Federal Financial Management Improvement Act (FFMIA), management is 
responsible for reporting on its implementation and maintenance of financial management systems that substantially 
comply with federal financial management systems requirements, applicable federal accounting standards, and the U.S. 
Government Standard General Ledger at the transaction level. I am pleased to report that NASA’s financial management 
systems are in substantial compliance with the requirements of FFMIA as of September 30, 2011.

NASA will continue its commitment to ensuring a sound system of internal control exists over operations, financial 
reporting and compliance with laws and regulations. 

November 15, 2011

Charles F. Bolden, Jr. 
Administrator
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Fiscal Year 2011Detailed Performance

NASA’s Strategic Plan established a top-level performance framework of strategic goals, multi-year outcomes, and 
objectives. Every year, NASA releases a performance plan with performance goals and annual performance goals 
(APGs) that support this performance framework. At the end of the fiscal year, NASA reports on the progress made 
toward achieving its strategic goals in the Performance and Accountability Report (PAR), which is the compilation of the 
Agency’s annual financial report and annual performance report. This section of the PAR provides detailed information 
on NASA’s performance and is the main content for the annual performance report.

As outlined in the Management Discussion and Analysis section, in FY 2011, NASA rated 108 two- to five-year per-
formance goals, including the five high priority ones, and 149 APGs under a new performance framework and newly 
revised rating criteria. 

Prior to rating these measures, the FY 2011 Performance Plan was updated to reflect changes due to both Congres-
sional budget action and to correct inaccuracies found in several measures, which were not found prior to the measures’ 
provision in NASA’s FY 2012 budget submission to the Congress.  

Measuring NASA’s Performance

A Reader’s Guide to NASA’s Detailed Performance Data
This narrative provides a guide to the detailed information on NASA’s performance found in this section. The changes 
to NASA’s performance plan are discussed prior to provision of the progress against high priority performance goals 
(HPPGs) and each strategic goal by outcome. The section culminates with a discussion of the Agency’s performance 
issues and plans for addressing these. 

FY 2011 Performance Plan Update

In FY 2011, the Agency updated its performance plan to adjust for funding shifts and inaccuracies found in the mea-
sures. These updates are discussed by each individual measure that was either changed or eliminated from the FY 2011 
Performance Plan.

NASA’s FY 2011 Progress Against the High Priority Performance Goals

NASA’s detailed performance data begins with a discussion of NASA’s HPPGs in the areas of Earth science, aeronau-
tics, energy management, and space operations. The performance toward this important set of goals is displayed, and 
information is provided for the reader to understand the rating provided for that HPPG.

Detailed Performance Against NASA’s Strategic Goals

NASA’s detailed performance data, including how each measure was or was not met, is discussed and displayed 
by strategic goal. For additional information, reference A New Strategic Plan and Performance Framework section of 
Management’s Discussion and Analysis (see page 15) for background on NASA’s performance framework and the link 
between strategic goals, outcomes, objectives, performance goals, and annual performance goals. All data in this sec-
tion is provided aligned to that framework.

http://www.nasa.gov/pdf/516579main_NASA2011StrategicPlan.pdf
http://www.nasa.gov/pdf/533365main_NASAFY11_Performance_Plan-508.pdf
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Strategic Goals

Each strategic goal section introduces the reader to the key programs or offices that support the goal and highlights key 
milestones completed this year. In addition, the section briefly explains the benefits and risks to achieving the strategic 
goals. The benefits narrative explains the value of work toward the strategic goal, from gains within the Agency to ben-
efits for academia, the public sector, and government. Risk assessments are a regular part of NASA’s review process. 
NASA outlines and describes the primary risks facing management, as they may affect achievement of that strategic 
goal and the programs that contribute to it.

Outcomes

Each strategic goal is supported by multiple outcomes, which link the strategic goals to nearer-term targets in the 
two- to five-year timeframe (performance goals) and for the fiscal year itself (APGs). Each of these sections describes 
the value of the outcome in reaching the Agency’s long-term strategic goal. NASA focuses on a selection of invaluable 
activities completed in the year. Discussion of these activities demonstrate how NASA met its performance or, in some 
cases, where it had a challenge.

Performance Measure Descriptions, Ratings, and Trends

Within the outcome section are tables showing the ratings for each performance goal and APG that supports the 
outcome. Where a performance measure was not met, the description explains what factors contributed to NASA not 
meeting that targeted performance. 

Each performance goal is a multi-year performance target designed to support the overarching strategic goal. HPPGs, 
which are a sub-set of these measures, are noted with the HPPG designator. While NASA rates the longer-term perfor-
mance goals annually, the rating takes into account past performance, planned future work, and known risks. For this 
fiscal year (the first year performance goals have been a part of the performance framework), NASA has not trended 
performance goals across previous fiscal years.

NASA assigns ratings to the supporting APGs on an annual basis and provides the current ratings along with the previ-
ous four years’ ratings to show trends in performance. NASA’s APGs offer annual snapshots of progress toward a per-
formance goal, with the exception of a sub-set of APGs designated as an efficiency measures, which directly support 
an outcome and cross multiple performance goals and objectives. These efficiency measures are identified as shown 
in the sample ratings table in the figure below. 

Sample of Annual Performance Goal (Efficiency Measure) Rating and Trending
Uniform and Efficiency Measures 

FY07 FY08 FY09 FY10 FY 2011

Maintain system execution time during the year-end close process at FY 2010 
baseline. None

8IEM07
Red

9IEM9
Red

10IT12
Green

AMO-11-23
Green

Performance Improvement Plans

This section presents additional detail on trends in the causes of performance shortfalls at NASA and the corrective 
actions the Agency will take to address the shortfall. In FY 2011, NASA identified categories in which performance trends 
were seen for measures from both FY 2010 and FY 2011 where targets were not met. The Performance Improvement 
Plans explain these trends for context and discuss past actions that may have been taken to address the shortfalls. 
Additionally, they provide a detailed corrective action plan for each FY 2011 APG. See Performance Improvement Plans 
Introduction on page 155 for more information.
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At NASA, changes to an annual performance plan usually are caused by a combination of impacts due to funding shifts 
and the dynamic nature of research and development. Each budget request contains the annual performance plan that 
was committed to Congress for the funds requested. When the appropriation differs from the amount requested, or 
if Congressional direction places a different emphasis on programs than was requested by the Agency, those actions 
result in an update to the annual performance plan. Additionally, the dynamic nature of research and development 
can lead to shifting priorities, and the activities that were called out in the annual performance plan may no longer be 
pursued by NASA. 

NASA’s policy has been to allow programs to take one of the following actions if they are impacted by Congressional 
budget action via an appropriations or authorization law:

•	 Eliminate	the	performance	measure	(do	not	rate	the	performance	measure);

•	 Change	the	targeted	performance	(rate	at	the	new	target);	or

•	 Move	the	measure	to	the	next	year’s	annual	performance	plan	(do	not	rate	until	the	following	year).

In FY 2011, three APGs were significantly impacted as a result of the year-long continuing resolution (CR). However, none 
of the longer-term performance goals were impacted. The NASA Authorization Act of 2010 was already factored into the 
FY 2011 Performance Plan prior to inclusion in NASA’s FY 2012 Budget Estimates and, therefore, did not impact NASA’s 
targeted performance. The three measures and the changes to the annual performance plan due to the year-long CR 
are outlined in the table below.

Summary of FY 2011 Annual Performance Goal Changes

Measure Budget Account/Program Performance Plan Change

APG 3.2.2.1: ST-11-8: Initiate 
development of at least one 
new technology with game 
changing potential for small 
satellites.

Space Operations/Space 
Technology Program

NASA did not release the solicitation and ensuing award for the Franklin Small 
Satellite System Technologies Program based on receiving funding less than 
the FY 2011 President’s Budget Request levels. NASA does not anticipate 
pursuing this activity in FY 2012.

APG 3.2.2.1: ST-11-9: Initi-
ate at least one new small 
satellite mission that will 
demonstrate game changing 
or crosscutting technologies 
in space.

Space Operations/Space 
Technology Program

The release of the solicitation and ensuing awards for the Edison Small 
Satellite Demonstration Mission were delayed based on funding less than the 
FY 2011 President’s Budget Request levels. 

APG 3.4.1.5 : ST-11-17: De-
velop an Agency technology 
portfolio database to track 
technology investments 
and create space technol-
ogy roadmaps that prioritize 
these investments.

Space Operations/Space 
Technology Program

This measure has been moved to the FY 2012 Performance Plan. The requi-
site contract awards could not be made in time to complete the work associ-
ated with this measure due to the delay in the funding for the space technol-
ogy programs as a result of the year-long CR. NASA made progress and 
successfully conducted an Agency-wide technology tracking system survey, 
identified existing databases, collected data from existing databases, defined 
hardware and software requirements, coordinated system development meet-
ings, awarded contracts, and initiated code development. However, since the 
funds were not available for contract award until late summer, insufficient time 
was left to complete the development of the new database. NASA expects to 
complete this work in FY 2012.

Changes to the FY 2011 Performance Plan

http://thomas.loc.gov/cgi-bin/bdquery/z?d111:S3729:
file:/Volumes/pae/SID/Tauri%20Group/PAR/PAR%202011/Layout/DP%20PIPs%20Intro.indd
http://www.nasa.gov/news/budget/index.html
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NASA generally rates a performance goal or APG White if there is a decision by the Agency to eliminate the program or 
the work activity during the fiscal year as a result of shifting priorities or other circumstances. In this case, the measure is 
not eliminated from the annual performance plan, nor is the target reduced. This fiscal year, NASA rated two measures 
White due to no planned work activities, as explained in the table below.

Summary of FY 2011 Annual Performance Goals Rated White

Measure
Mission  
Directorate Rating Justification

APG: EFF AS-11-6: Complete all [Astro-
physics] development projects within 110 
percent of the cost and schedule baseline.

Science/ 
Astrophysics

The measure is based on the final development costs once a mission 
launches. Since there were no planned launches for FY 2011 in Astrophysics, 
the measure is not applicable to this fiscal year.

APG: EFF HE-11-6: Complete all [Helio-
physics] development projects within 110 
percent of the cost and schedule baseline.

Science/ 
Heliophysics

The measure is based on the final development costs once a mission 
launches. Since there were no planned launches for FY 2011 in Heliophysics, 
the measure is not applicable to this fiscal year.

NASA found five measures in the FY 2011 Performance Plan that required correction due to inaccuracies that had not 
been fixed prior to the measures’ provision in NASA’s FY 2012 budget submission to Congress. These corrections are 
reflected as a change to the annual performance plan. NASA rated these measures after making the corrections. The 
table below details the changes NASA made to the original FY 2011 measures that are reflected in this document.

Summary of Corrected FY 2011 Performance Measures

Measure
Budget Account/ 
Program Correction Made

PG 2.3.1.2: By 2015 2017, launch at least two 
[Planetary] missions in support of this outcome.

Science/Plan-
etary

The date was intended to be 2017 to accurately reflect the timeframe 
for launching the two missions that provide the basis for this measure-
ment.  

APG 3.1.1.4: ST-11-4: At least 24 percent 
of SBIR/STTR Phase II technology projects 
awarded between 2006-2010 2004-2008 will 
be infused into NASA programs and projects.

Cross-Agency  
Support/Innova-
tive Partnership 
Programs

NASA updated the measure to reflect the correct span of years used 
as the basis of the rating. This update covers the five-year span 
needed for the Small Business Innovation Research and Small Busi-
ness Technology Transfer (SBIR/STTR) phase II work awarded in fiscal 
years 2004 to 2008 to complete and start into phase III.

APG 3.4.1.3 : ST-11-15: Greater than 35 
percent of the SBIR/STTR Phase II technol-
ogy projects awarded between 2006-2010 
2004-2008 will be transferred into commercial 
products or services.

Cross-Agency  
Support/Innova-
tive Partnership 
Programs

NASA updated the measure to reflect the correct span of years used 
as the basis of the rating. This update covers the five-year span 
needed for the SBIR/STTR phase II work awarded in fiscal years 2004 
to 2008 to complete and start into phase III.

APG 5.4.3.3 : SFS-11-7: Complete Deep Space 
Station-35 (DSS-35) Pedestal Excavation and 
Azimuth track at Canberra Deep Space Com-
munications Complex (CDSCC)

Human Explo-
ration & Op-
erations/Space 
Communication

There was no planned Azimuth track work planned for DSS-35. (In 
FY 2010, NASA conducted this work on DSS-34.) NASA revised the 
measure to delete the Azimuth work from the text.

APG 5.4.1.2 : SFS-11-3: Develop processes 
for crew space transportation partner informa-
tion sharing between NASA’s Launch Services 
Program (LSP), Exploration Systems Mission 
Directorate (ESMD), ISS, and other government 
customers, including but not limited to Depart-
ment of Defense (DoD).

Human Explo-
ration & Op-
erations/Launch 
Services

The reference to crew space transportation partner information shar-
ing that would include other U.S. government agencies was incorrect, 
since none beyond NASA have crewed space flight. NASA’s Launch 
Services Program partners with other government agencies on space 
transportation, in general. 

Additionally, NASA made a revision to the high priority performance goal (HPPG) for Earth science research, from the 
version provided in the FY 2011 Performance Plan, within NASA’s FY 2012 Congressional Justification. This revision was 
necessitated make the measure consistent with the goal statement as provided on Performance.gov, and to assure the 
same method of measurement. This goal has been rated Red after the revision, reflected below.

Original Measure Revised Measure

PG 2.1.5.2 (HPPG): Study Earth from space to understand climate 
change, weather, and human impact on our planet by launching at 
least two missions by 2015.

PG 2.1.5.2 (HPPG): In support of studying Earth from space, NASA 
will make significant progress towards completion of the integration, 
test, launch, validation, and initiation of early on-orbit operations of 
the Glory and NPOESS Preparatory Project (NPP) missions prior to 
the end of fiscal year 2011.

http://performance.gov
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In FY 2010, NASA developed and began reporting on five high priority performance goals (HPPGs) on a quarterly basis. 
In accordance with the GPRA Modernization Act of 2010 and a White House initiative for building a high-performing 
government, NASA’s HPPGs represent challenging, near-term targets that the Agency will reach to benefit the American 
people in the areas of human exploration, Earth science, aeronautics research, and energy management.

FY 2011 High Priority Performance Goal Summary

High Priority Performance Goal Responsible Organization Rating

PG 1.1.1.2 (HPPG): Safely fly out the Space Shuttle manifest and retire 
the fleet. 

Human Exploration Operations, 
Space Shuttle Program Green

PG 2.1.5.2 (HPPG): In support of studying Earth from space, NASA will 
make significant progress towards completion of the integration, test, 
launch, validation, and initiation of early on-orbit operations of the Glory 
and NPOESS Preparatory Project (NPP) missions prior to the end of fiscal 
year 2011. (Rated after revision) 

Science Mission Directorate, Earth 
Science 

Red
(See the Performance  
Improvement Plan for 

more information.)

PG 4.1.2.1 (HPPG): Increase efficiency and throughput of aircraft opera-
tions during arrival phase of flight. 

Aeronautics Research Mission 
Directorate, Airspace Systems Green

PG 5.2.3.2 (HPPG): Conserve valuable natural resources by reducing 
NASA's energy and water use. 

Mission Support Directorate, 
Environmental Compliance and 
Restoration 

Yellow
(See the Performance  
Improvement Plan for 

more information.)

PG 5.5.1.1 (HPPG): Establish an independent non-profit (NPO) organiza-
tion to enhance the utilization of the ISS as a National Laboratory.

Human Exploration Operations, 
International Space Station Green

Safely fly out the Space Shuttle manifest and retire the fleet.

After 30 years of space flight, more than 130 missions, and numerous science and technology firsts, NASA completed 
the Space Shuttle manifest with the successful return of Shuttle Atlantis on July 21, 2011, after its mission to the Inter-
national Space Station (ISS). With that last flight, NASA remains on track to complete close-out activities and ultimately 
the HPPG.

The Space Shuttle has been essential for construction of the ISS, a multi-decade program between the space agencies 
of Canada, Europe, Japan, and Russia to build an advanced research and development test bed in low Earth orbit. 
Since 1998, NASA has dedicated 37 Shuttle flights to the assembly, outfitting, and utilization of the ISS. NASA has 
used an extensive network of people, facilities, capabilities, industry teams, logistics, organizations, and international 
partners to safely operate the Space Shuttle. NASA will transfer Space Shuttle assets that can be leveraged for use in 
future exploration programs and preserve key Agency technical capabilities for future use. Capabilities that are no longer 
needed or are obsolete will be retired. As the final step in the Space Shuttle’s journeys, NASA is preparing the orbiters 
for display at institutions across the country to inspire the next generation of explorers and engineers. NASA has worked 
with each of the facilities to complete plans to transfer the orbiters throughout 2012.  

NASA’s FY 2011 Progress Toward the High Priority Performance Goals

In the Vehicle Assembly Building at NASA’s Ken-
nedy Space Center in Florida, workers lower the cage 
containing an Approach and Landing Test Assembly 
(ALTA) pod over the rear of Space Shuttle Endeav-
our. The ALTA pod is being attached to the site once 
housing the orbital maneuvering system (OMS) pod. 
NASA is conducting the demonstration test to ensure 
the Center’s equipment will fit into the hangar at the 
National Air and Space Museum when installing an 
ALTA pod on Shuttle Enterprise. The pod must be 
reinstalled on a Shuttle for transport on a 747 carrier 
aircraft. The simulation also tests procedures and 
timelines necessary to carry out the process. The work 
is part of the Space Shuttle Program’s transition and 
retirement processing. (Credit: NASA/J. Grossmann)

http://www.whitehouse.gov/omb/performance/gprm-act
http://www.nasa.gov/mission_pages/shuttle/main/index.html
http://www.nasa.gov/mission_pages/station/main/
http://www.nasa.gov/mission_pages/station/main/
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersend.html
http://www.nasa.gov/centers/kennedy/shuttleoperations/orbiters/orbitersend.html
http://science.ksc.nasa.gov/shuttle/resources/orbiters/enterprise.html
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In support of studying Earth from space, NASA will make significant progress towards 
completion of the integration, test, launch, validation, and initiation of early on-orbit 
operations of the Glory and NPOESS Preparatory Project (NPP) missions prior to the end 
of fiscal year 2011.

NASA works to gain a deeper scientific understanding of the 
components of the Earth system, their interactions, and the con-
sequences of its changes for life, including effects on climate, 
oceans, air quality, water resources, and biodiversity that sustain 
life and society. NASA’s Earth Science Program conceives, devel-
ops, and operates a fleet of sophisticated scientific spacecraft 
for Earth observation. This fleet, by making complementary key 
measurements, provides improved understanding of the Earth 
system. The NPOESS Preparatory Project (NPP) and Glory mis-
sions were the next spacecraft planned to join this fleet. 

NPP will extend key climate measurements begun by NASA’s 
Earth Observing System for the climate research and applications 
communities. It also will serve as an essential gap-filler, owing 
to delays in the development and launch of the National Polar-
orbiting Operational Environmental Satellite System, or NPOESS, 
for the Nation’s civil and military operational weather prediction 
efforts. Throughout FY 2011, NASA made extraordinary prog-
ress on meeting the development milestones for NPP, including 
preparation of the ground-based systems required to send commands to, and receive and process data from, the NPP 
spacecraft and instruments. The mission launched successfully on October 28, 2011, from Vandenberg Air Force Base 
in California. 

The Glory mission was designed to measure, for the first time, aerosol size, quantity, physical properties, and shape, 
helping researchers distinguish the relative influences of natural and human-caused aerosols on our global climate. On 
March 4, 2011, Glory launched from Vandenberg Air Force Base in California. The countdown and launch went smoothly 
until the point at which the fairing, the protective shell atop the rocket, was to separate from the vehicle. Telemetry data 
has indicated the fairing did not separate as expected about three minutes after launch, and the Glory spacecraft did 
not reach orbit.  

With the unfortunate loss of the Glory mission, NASA did not meet all the milestones associated with this high priority 
performance goal. In response to the loss, NASA has created a Mishap Investigation Board to evaluate the cause of 
the failure and will use the results to determine the next steps for providing reliable mid-sized launch services for NASA 
science missions. The Science Mission Directorate is evaluating the loss of the mission on the long-term science objec-
tives, and discussing the options available to keep on-track toward this performance goal. The relative priority for replac-
ing the Glory measurements will be considered in the context of the Earth Science portfolio and all of its objectives, in 
the coming year.

Research and develop new technologies to increase the flexibility and efficiency of the 
Nation’s air traffic system.

Current air traffic control operations require an air traffic controller to generate and provide clearances manually (that 
include path and speeds) so that aircraft can arrive at an established point on a route, and time-regulate entry into an 
airport’s terminal area, at a scheduled time during the arrival phase of flight. The manual process often results in ineffi-
cient paths for an aircraft’s flight and descent (particularly during higher traffic density operations), restricting the number 
of aircraft that can be processed for arrival operations, as well as increased noise and fuel consumption.

The En Route Descent Advisor (EDA) is a tool that proposes to the air traffic controller the speed and path changes that 
will allow an efficient arrival profile. EDA monitors many aircraft simultaneously, maximizing throughput by ensuring that 
each aircraft meets its scheduled time for arrival, while avoiding flight path conflicts between aircraft. EDA’s innovation 
includes reducing flight time, fuel consumption, noise, and emissions, thus resulting in more environmentally friendly en 
route and terminal operations.

On September 15, 2011, technicians perform final 
testing on NASA’s NPP satellite in a clean room at 
Vandenberg Air Force Base in California. (Credit: Ball 
Aerospace)

http://science.nasa.gov/earth-science/
http://www.nasa.gov/mission_pages/NPP/main/index.html
http://glory.gsfc.nasa.gov/
http://eospso.gsfc.nasa.gov/
http://www.ipo.noaa.gov/
http://www.ipo.noaa.gov/
http://science.nasa.gov/
http://www.aviationsystemsdivision.arc.nasa.gov/research/foundations/eda.shtml
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To support the effort, NASA will provide to the Federal Aviation Administration (FAA) the demonstration results from field 
tests of the EDA tool. In FY 2011, NASA made great progress toward this high priority performance goal. The Airspace 
Systems Program conducted four human-in-the-loop simulations using the EDA tool. The final simulation conducted 
at the end of September 2011 was designed to document the benefits for use of the tool if widely used in the national 
airspace system. NASA will use these results to develop the technology transition document required by the FAA by next 
year, which is the next step for moving use of the technology into use in real airport operations. 

Conserve valuable natural resources by reducing NASA’s energy and water use.

NASA Centers have been steadily working to reduce energy consumption and create innovative practices for energy 
sustainability since 2005. In the past four years, even as consumption was reduced, the unit cost of energy has increased 
dramatically, without offsetting budget increases. The Agency is working aggressively to implement alternative and inno-
vative energy practices and resources to supply and to conserve energy in the operation of its facilities. NASA is seeking 
improvement in three major areas: 

•	 For	facility	energy	use,	the	target	is	30	percent	reduction	in	energy	intensity	btu/gsf	(or	energy	per	gross	square	foot)	
by	the	end	of	2015	(from	a	2003	baseline,	reduce	energy	three	percent	per	year	for	2006–2015).	

•	 For	fleet	vehicle	energy	use,	the	target	is	30	percent	reduction	in	fleet	total	consumption	of	petroleum	products	by	
the end of 2020 (two percent per year from a 2005 baseline). 

•	 For	potable	water	use,	the	target	is	26	percent	reduction	in	water	intensity	gal/gsf	(or	gallons	per	gross	square	foot)	
by the end of 2020 (two percent per year from a 2007 baseline).

Efforts in FY 2011 that support these goals included submitting the 2011 NASA Strategic Sustainability Performance 
Plan to the Office of Management and Budget,	investing	$48	million	in	energy	related	construction/recapitalization	proj-
ects, and establishing Solar Assisted Electric Vehicle Charging Stations.

Final performance data for this goal will be available in January 2012. Based on third quarter estimates and trending 
data, NASA expects to exceed its targets on the measures related to water use and fleet management, but fall short 
on the energy intensity goal, against the annual target set to meet Executive	Order	13423. In FY 2011, NASA reduced 
energy	intensity	by	an	estimated	one	percent	(three	percent	was	the	target),	for	an	eight	percent	reduction	from	2003	
baseline. The rating seen for this high priority performance goal reflects not fully meeting the annual target. 

To continue efforts to reduce energy consumption and improve NASA’s aging infrastructure, the Agency designs and 
constructs new buildings to the minimum Leadership in Energy and Environmental Design Silver standard. NASA is 
increasing energy savings performance contracts and utility energy service contracts at various Centers and created 
a position at Headquarters to support the Centers with implementation and execution of these complex projects. 
Additionally, NASA performed an Agency survey for renewable energy project opportunities and is evaluating the final 
report for project identification. Projects to reduce energy intensity will be initiated per available funds. Lastly, the Agency 
has applied for in-kind enhanced-use leasing authority with the FY 2012 budget request to implement large renewable 
energy projects that could significantly reduce energy intensity. 

Noise footprint using existing  
procedures at SFO

Noise footprint using EDA  
procedures at SFO

NASA currently is researching EDA, 
a tool for air traffic controllers that 
enables aircraft to fly a smooth and 
continuous descent during heavy 
traffic congestion to minimize fuel 
consumption, environmental emis-
sions, and noise pollution. During 
operational trials conducted at San 
Francisco International Airport (SFO), 
flight test data showed significant 
noise reduction (over existing pro-
cedures shown on the left) resulting 
from idle-thrust descents enabled by 
the EDA (see right map). Red indi-
cates the highest decibel levels and 
purple the lowest. (Credit:  NASA)

http://www.faa.gov/
http://www.aeronautics.nasa.gov/programs_asp.htm
http://www.aeronautics.nasa.gov/programs_asp.htm
http://www.whitehouse.gov/omb/
http://www.fedcenter.gov/Bookmarks/index.cfm?id=6585&pge_prg_id=20692&pge_id=3286
http://www.usgbc.org/DisplayPage.aspx?CategoryID=19
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Establish an independent organization to enhance the utilization of the International 
Space Station as a National Laboratory.

The ISS provides a multidisciplinary, cutting edge, unique research platform to pursue microgravity and engineering 
research and technology development test bed applications. The ISS is a critical step in developing, testing, and validat-
ing the next generation of space technologies and operational processes needed to explore beyond low Earth orbit.

Providing access to this resource to researchers outside of traditional NASA program mechanisms, as made possible by 
an independent non-profit organization (NPO), will encourage and enhance research and innovations to address other 
national priorities or concerns. Potential discoveries, particularly in the area of human health or energy technologies, 
could benefit future NASA missions, as well as enhance life on Earth. 

On August 31, 2011, NASA signed a Cooperative Agreement with the Center for the Advancement of Science in Space 
(CASIS) as the independent NPO to develop and manage the U.S. portion of the ISS to be operated as a National Labo-
ratory. With the signing of this agreement, NASA has successfully completed a significant milestone in this fiscal year  
and achieved the high priority performance goal. 

Located at the Space Life Sciences Laboratory near the Kennedy Space Center, CASIS will be a single point of contact 
for U.S. (non-NASA) researchers. In addition, CASIS will be responsible for maximizing the value of the ISS by stimulating 
use of the ISS as a National Laboratory and developing and managing a diversified research and development portfolio 
for conducting basic and applied research.

This photo, taken during a July 12, 2011, space-
walk, shows the Materials on International Space 
Station Experiment (MISSE)-8 attached to the 
outside of the ISS. The experiment package is 
evaluating the effects of atomic oxygen, ultravio-
let, direct sunlight, radiation, and extremes of heat 
and cold on materials and computing elements. 
The results of this experiment will help researchers 
develop new materials and computing elements 
that can better withstand the rigors of space envi-
ronments. CASIS will have the responsibility of 
using the ISS’ unique research facilities, including 
its unpressurized, exterior platforms, to develop its 
potential as a National Laboratory. (Credit: NASA)

http://www.nasa.gov/mission_pages/station/main/
http://www.nasa.gov/mission_pages/station/research/nlab/index.html
http://www.nasa.gov/mission_pages/station/research/nlab/index.html
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/mission_pages/station/research/experiments/MISSE-8.html
http://www.nasa.gov/mission_pages/station/research/experiments/MISSE-8.html
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across the solar system.

Humans are driven to explore the unknown, discover new worlds, push the boundaries of scientific and technical limits, 
and then push further. For over 50 years NASA has been tasked with developing the capabilities that will support the 
country’s long-term human space flight and exploration efforts. The Agency’s operations have increased in complexity, 
and crewed space journeys have increased in duration. With the help of domestic and international partners, NASA 
has embarked on a steady progression of activities and milestones that has prepared the Agency for the more difficult 
challenges ahead—expanding permanent human presence beyond low Earth orbit. NASA will pursue this goal through 
strategic investments and partnerships to drive advances in science and technology. To be successful, NASA will need 
equal and full participation from international partners and the commercial sector, including mission-enabling contribu-
tions, support capabilities, and technologies. NASA’s human spaceflight programs are responsible for keeping astro-
nauts healthy, safe, and productive through the Agency’s work in human health, life support systems and habitation, and 
numerous technologies for exploration in space or on another planet. Looking toward the future, NASA is developing a 
new Space Launch System, Orion Multi-Purpose Crew Vehicle, and ground systems to support exploration activities. 

Benefits

NASA and its international partners have sustained a continuous human presence in low Earth orbit for over a decade, 
transcending individual nationalism to live, work, and make discoveries in space that benefit everyone. Mission by 
mission, the men and women who fly aboard the International Space Station (ISS) are developing capabilities that will 
enable NASA to expand human space exploration across the solar system, and performing multidisciplinary, cutting-
edge research that supports a broad array of biological and physical research objectives. Today, NASA is leveraging the 
capabilities of the commercial sector to enable robotic and human space flight as we partner with industry to develop 
the advanced technologies for exploration. These investments act as an economic stimulus across a broad spectrum 
of industries.

Expedition 27 crewmember Paolo 
Nespoli took this image of ISS and 
the docked Space Shuttle Endeavour 
(STS-134) from the Soyuz TMA-20 fol-
lowing its undocking on May 23, 2011. 
(Credit: NASA)

http://www.nasa.gov/exploration/systems/sls/sls1.html
http://www.nasa.gov/exploration/systems/mpcv/
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts134/main/index.html
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Advanced Technology Development. Innovative and affordable technologies are fundamental building blocks required 
to safely send humans to ISS and beyond low Earth orbit. They must be pursued, developed, and matured over many 
years. These long timeliness pose a challenge as national priorities change and NASA shifts program focus. Currently, 
the human space flight programs are partnering with the Office of the Chief Technologist to enable the rapid develop-
ment and testing of a broad set of prototype systems to enable future human missions. These prototype systems can 
be used as building blocks to construct a variety of mission systems for exploration of the Moon, near Earth asteroids, 
and Mars, and to provide the flexibility to adapt to new objectives in the future.

Availability of Commercial Cargo and Crew Services. A key factor in sustaining and operating ISS is the ability to 
provide crew transportation and ensure cargo resupply now that the Space Shuttle fleet is retired. NASA will continue 
to use the vehicles of the international partners for crew transportation, rescue, and cargo resupply as we develop 
additional U.S. provided capabilities.

Affordability and Sustainability. Exploration beyond low Earth orbit will span decades. NASA’s budget requests are 
intended to maintain a sustainable exploration strategy to secure the long-term stability of these programs that will 
extend human presence into the solar system. NASA has developed an architecture that is affordable and sustainable 
over a long budget horizon through programs that accommodate external changes by employing innovative acquisition 
approaches and industry best practices. NASA will continue to focus on affordability and performance factors, and 
collaborate with interagency and international partners to ensure the safe execution of exploration missions beyond low 
Earth orbit.

Risks to Achieving Strategic Goal 1

The Orion Multi-Purpose Crew Vehicle makes a big splash as it hits the water during its third water 
landing test conducted at the Hydro Impact Basin located at NASA Langley Research Center. This 
test represented the worst-case scenario for landing. The prediction had a 50 percent chance of the 
test article getting inverted. During the tests, the Orion Project Team collected valuable data regard-
ing Crew Vehicle stability. They also obtained invaluable experience in uprighting the test article. 
(Credit: NASA/S. Smith)

http://www.nasa.gov/offices/oct/home/index.html
http://www.nasa.gov/exploration/systems/mpcv/
http://www.nasa.gov/centers/langley/home/index.html
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Outcome 1.1
Sustain the operation and full use of the International Space Station (ISS) 
and expand efforts to utilize the ISS as a National Laboratory for scientific, 
technological, diplomatic, and educational purposes and for supporting 
future objectives in human space exploration.

The ISS is a major stepping stone in achieving NASA’s exploration goals across the solar system. It provides a space-
based research and development laboratory to safely perform multidisciplinary, cutting-edge research. The continu-
ously crewed laboratory—the Nation’s newest National Laboratory—enables the ongoing evolution of research and 
technology objectives and ensures that the benefits of this multinational investment can be realized.

Under the auspices of a non-profit management organization, NASA will continue to make the ISS available as a national 
resource to promote opportunities for advancing basic and applied research in science and technology to other U.S. 
government agencies, university-based scientists and engineers, and private firms. The National Laboratory manage-
ment entity will be responsible for stimulating, developing, and managing a diversified research and development port-
folio using the ISS to address U.S. needs.

The ISS Program completed several milestones during FY 2011, including final construction of the ISS vehicle, sustaining 
operations on-board, and accomplishing all on-orbit research objectives.

Completing construction of the ISS

For the ISS, FY 2011 marked the final assembly of the major structure.

Discovery (STS-133) delivered the Italian-built Permanent Multipurpose Module (PMM). Named Leonardo, NASA used 
the module to ferry supplies, equipment, experiments and other cargo to and from ISS via the Space Shuttle’s payload 
bay. Leonardo had visited the station seven times before as a cargo carrier before being refurbished to serve as a per-
manent 2,472 cubic-foot addition to the orbiting laboratory, providing more space and accommodations for research.  
Among the 6,000 pounds of Leonardo cargo was Robonaut 2, a human upper torso-like robot that could be a precur-
sor of devices to help during spacewalks. During Discovery’s almost nine days at the ISS, the Shuttle crew performed 
two spacewalks for maintenance work and 
installation of new components. The ISS 
also received two more Express Logistics 
Carriers (ELCs) on STS-133 and STS-134. 
These unpressurized platforms attached to 
the exterior of the ISS that can be used for 
research. Both the PMM and the ELCs will 
provide greater space and accommoda-
tions for research to be performed on ISS.

Sustaining operations on ISS

During the fiscal year, the ISS was visited 
by 13 vehicles, including the final Shuttle 
mission, STS-135, which launched in July 
2011. In all, the vehicles delivered 143,000 
pounds (65,000 kilograms) of fuel, research 
equipment, spare hardware, and supplies, 
leaving the ISS well supplied and ready to 
support utilization activities, as well as the 
first commercial resupply missions. 

In August, the Russian Progress 44P, 
loaded with fuel and supplies bound for the 
ISS, failed to reach orbit due to a launch 
vehicle failure. The ultimate impact of the 
44P loss is not yet completely quantified, 

European Space Agency astronaut Paolo Nespoli, Expedition 27 flight engineer, 
works with the Light Microscopy Module (LMM) in the Destiny laboratory on April 
21, 2011. LMM is designed to research colloidal structures, a mixture in which one 
substance is divided into minute particles (called colloidal particles) and dispersed 
throughout a second substance. (Credit: NASA)

http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/station/research/nlab/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts133/main/index.html
http://www.nasa.gov/mission_pages/station/behindscenes/PMM_transformation.html
http://www.nasa.gov/mission_pages/station/main/robonaut.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts134/main/index.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts135/main/index.html
http://www.nasa.gov/mission_pages/station/structure/elements/progress.html
http://www.esa.int/esaCP/index.html
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but the resupply visits from the other vehicles left the ISS well prepared for the next fiscal year. The ISS was reduced 
to three crew members with the return of three Expedition 28 crew members on Soyuz 26S. This planned return was 
part of the standard six crew rotation plan, which always includes a temporary period of three crew operations. Crewed 
Soyuz flights will resume with the launch of 28 Soyuz on November 14, 2011, restoring the ISS back to a full crew of six.

Conducting research aboard the ISS

NASA’s research goals for the ISS are driven by the NASA Authorization Act of 2010 and are focused on four areas: 
human health and exploration, technology testing for enabling future exploration, basic life and physical sciences, and 
earth and space science. During FY 2011, the ISS Program provided 100 percent of all on-orbit resources needed to 
support the ISS research objectives including power, data, logistics, crew time, and accommodations. 

Human health research and applications

In 2011, NASA’s Human Research Program (HRP) made extensive use of the ISS to perform research on maintaining 
human health and performance during and after long-duration space flight. HRP flew 11 major medical experiments 
to evaluate the immune system and other human health areas to make exploration missions healthier, safer, and more 
productive. HRP also added new ISS biomedical capabilities, including the second-generation ultrasound for medical 
imaging, the Urine Monitoring System, and the jointly developed European Space Agency (ESA)–NASA Muscle Atrophy 
Research and Exercise System. Additionally, HRP developed programmable lighting to aid in astronaut adaptation to 
the work, rest, and sleep cycle while living on the ISS. 

During the fiscal year, the program delivered significant research products that will help take human space explorers far 
beyond low Earth orbit, such as an updated space radiation cancer risk model that predicts the lifetime cancer health 
risk from exposure to deep space radiation—a vital tool in planning safe exploration missions. 

Under the leadership of HRP, NASA collaborated with ESA in January 2011 to develop and deploy a highly successful 
international outreach program called “Mission X,” which brought together 14 space agencies and various partner insti-
tutions to work together to address health and fitness education for young people around the globe. 

NASA lists and summarizes the experiments conducted aboard the ISS on the program’s Web site at http://www.nasa.
gov/mission_pages/station/research/experiments/experiments_by_expedition.html. See expeditions 25/26 (September 
2010 through March 2011) and expeditions 27/28 (March 2011 through September 2011) for experiments spanning 
FY 2011.

The biological and physical sciences

NASA’s biological and physical sciences conducts openly solicited, peer-reviewed research to understand the funda-
mental laws of nature. This research produces foundational knowledge necessary to develop systems, like life support 
and radiation shielding, for the next generation of spacecraft and to reduce the risk for humans traveling in space.

The last two missions of the Space Shuttle were instrumental in enabling this research. Eight space flight experiments 
were conducted to characterize various effects of spaceflight on the mammalian immune system, effects of an experi-
mental bone countermeasure on muscle and bone, and new means to reduce biofilm formation, and plant studies to 
characterize mechanisms of plant signaling that can help improve future strategies for plant growth in space. In addition, 
43 post-flight Bio-specimen Sharing projects studied the effects of space flight on virtually all the mammalian tissue—
ranging from the brain to the reproductive system—after return to Earth. The knowledge gained by these experiments 
have furthered researchers’ understanding of how space affects living systems and also will have applications for Earth. 

In accordance with the NASA Science Plan, NASA is making significant progress in the developing ISS hardware to 
support the flight of rodents and large plants on ISS. Finally, NASA completed and published the Space Biology Science 
Plan for the next decade, 2010 through 2020.

In FY 2011, NASA completed pioneering research on polymeric liquids aboard the ISS. This project, in planning since 
the mid-1990s, uses microgravity to examine the behavior of polymeric liquids, which include saliva, adhesives, and 
inks. The results of the ISS experiment will help scientists build better models of polymeric liquids, leading to improve-
ments across a range of technologies that use polymeric liquids. Watch a video of the principle investigator explaining 
his experiment and demonstrating some of the interesting mechanical properties of saliva. 

http://www.nasa.gov/mission_pages/station/main/index.html
http://thomas.loc.gov/cgi-bin/bdquery/z?d111:S3729:
http://www.nasa.gov/exploration/humanresearch/
http://www.esa.int/esaCP/index.html
http://www.nasa.gov/exploration/humanresearch/education/education_outreach_fitness-challenge.html
http://www.nasa.gov/mission_pages/station/research/experiments/experiments_by_expedition.html
http://www.nasa.gov/mission_pages/station/research/experiments/experiments_by_expedition.html
http://www.nasa.gov/exploration/library/acd_iss_documents.html
http://www.nasa.gov/exploration/library/acd_iss_documents.html
http://www.outlookseries.com/N8/Science/3795_Gareth_McKinley_MIT_Stringy_viscoelastic_fluids_enable_inkjet_printing_drug-dispensing_Gareth_McKinley.htm
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Other important research in completed in 2011 included the Flame Extinguishment Experiment. This research, led by 
internationally prominent experts in combustion research, has provided benchmark data on a fundamental element of 
many combustion technologies, the burning drop of liquid fuel. The results of these space experiments will contribute 
to models of spray combustion supporting the development of more effective fire suppression technologies in space 
vehicles and the design of improved combustors with greater fuel efficiency and lower emissions characteristics in 
systems that rely on spray combustion like diesel engines.

Education from space

ISS educational activities have had a positive impact on thousands of students by involving them in ISS research, and 
by using the station to teach them the science and engineering that are behind space exploration. Below are some 
examples of ISS educational activities conducted during the fiscal year:

ISS educational activities—focusing on the K–12 classroom and designed to encourage learning and interest in science, 
technology, engineering, and mathematics (STEM) education—examined weaving characteristics of spiders, movement 
behaviors of fruit flies, and directional plant growth in response to light sources. 

The Kids In Micro-G hands-on design challenge was won by two fifth grade girls from San Diego, California, who 
designed a study called “Attracting Water Drops” to look at static attraction in microgravity. The purpose of the challenge 
was to give students a hands-on opportunity to design an experiment or simple demonstration that could be performed 
both in the classroom and by astronauts aboard the ISS.

The Commercial Generic Bioprocessing Apparatus Science Insert experiments are educational ISS payloads designed 
to interest K–12 students in STEM by providing the opportunity for these students to participate in near real-time research 
conducted aboard the ISS. The project is managed by BioServe Technologies, in partnership with NASA, Orions Quest, 
Adventures of the Agronauts, Baylor College of Medicine’s Center for Educational Outreach, Monarch Watch at Univer-
sity of Kansas, and the Denver Museum of Nature and Science.

http://www.nasa.gov/mission_pages/station/research/experiments/FLEX.html
http://www.nasa.gov/mission_pages/station/research/nlab/experimentchallenge.html
http://www.colorado.edu/engineering/BioServe/
http://www.orionsquest.org/v3/index.php
http://www.ncsu.edu/project/agronauts/
http://www.k8science.org/space/STS_Mission_129.cfm
http://www.monarchwatch.org/
http://www.dmns.org/


Strategic Goal 1

54 Detailed Performance

Outcome 1.1
Sustain the operation and full use of the International Space Station (ISS) and expand efforts to utilize the ISS 
as a National Laboratory for scientific, technological, diplomatic, and educational purposes and for supporting 
future objectives in human space exploration.

FY 2011 Performance Goal  FY 2011

Maintain capability for six on-orbit crew members. 1.1.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

In concert with the International Partners, maintain a continuous crew presence on 
the ISS by coordinating and managing resources, logistics, systems, and opera-
tional procedures.

7ISS5
Green

8ISS06
Green

9ISS6
Green

10ISS07
Green

ISS-11-1
Green

FY 2011 Performance Goal  FY 2011

HPPG: Safely fly out the Space Shuttle manifest and retire fleet. 1.1.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Release major Space Shuttle operations facilities at Kennedy Space Center for 
future institutional and programmatic use. None None None

10SSP04
Green

SSP-11-1
Green

FY 2011 Performance Goal FY 2011

Provide cargo and crew transportation to support on-orbit crew members and utilization. 1.1.1.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Fly the ISS elements, spares, logistics, and utilization hardware as agreed to by the 
International Partners to the ISS transportation plan. 7ISS3

Green
8ISS03
Green

9ISS3
Green

10ISS03
Yellow

ISS-11-2
Green

FY 2011 Performance Goal FY 2011

Maintain and operate a safe and functional ISS. 1.1.1.4
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Provide 100 percent of planned on-orbit resources (including power, data, crew 
time, logistics, and accommodations) needed to support research. None

8ISS04
Green

9ISS4
Yellow

10ISS04
Green

ISS-11-3
Green

Achieve zero Type-A (damage to property at least $1 million or death) or Type-B 
(damage to property at least $250 thousand or permanent disability or hospitaliza-
tion of three or more persons) mishaps.

None None None
10ISS05
Green

ISS-11-4
Green

FY 2011 Performance Goal FY 2011

Advance knowledge of long-duration human space flight by establishing agreements with organizations to enable full utilization 
of the ISS.

1.1.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Accomplish a minimum of 90 percent of the on-orbit research objectives as estab-
lished one month prior to a given increment, as sponsored by NASA, baselined for 
FY 2011.

7ISS2
Green

8ISS02
Green

9ISS2
Green

10ISS02
Green

ISS-11-5
Green

FY 2011 Performance Goal FY 2011

Conduct basic and applied biological and physical research to advance and sustain U.S. scientific expertise. 1.1.2.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Develop at least two life sciences flight payloads for ISS or Free Flyer platforms.
None

8AC02
Green

9AC3
Green

10AC03
Green

ERD-11-1
Green

Deliver at least five physical sciences payloads for launch to the ISS.
None

8AC01
Green

9AC1
Green

10AC01
Green

ERD-11-2
Green

Conduct at least five experiments in combustion, fluids or materials sciences on 
the ISS. None None

9AC2
Green

10AC02
Green

ERD-11-3
Green
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Outcome 1.2
Develop competitive opportunities for the commercial community to provide 
best value products and services to low Earth orbit and beyond.

Commercial space transportation is a vital component to the future of human space exploration. As NASA charts a 
new course to send humans deeper into space than ever before, it also is stimulating efforts within the private sector to 
develop and operate safe, reliable, and affordable commercial space transportation systems. Once the capabilities are 
matured and available to the government and other customers, NASA could purchase commercial services to transport 
crew and cargo to the International Space Station (ISS) and low Earth orbit. 

NASA’s Commercial Orbital Transportation Services 
(COTS) is an investment designed to spur devel-
opment of cost-effective, U.S. commercial space 
transportation systems that could eventually be 
used to carry cargo and crew to the ISS. COTS cur-
rently funds Space Act Agreements with two part-
ners, Space Exploration Technologies Corporation 
(SpaceX) and Orbital Sciences Corporation (Orbital) 
for the development and demonstration of cargo 
transportation capabilities. COTS awarded a funded 
Space Act Agreement to SpaceX during the initial 
competition in 2006 and to Orbital during the second 
round of competition in 2008. 

During FY 2011, NASA commercial partners made 
progress towards accomplishing their final demon-
stration missions, which will include proximity opera-
tions and berthing with ISS. 

SpaceX makes history with its successful 
demonstration mission

On December 8, 2010, SpaceX completed its first COTS demonstration mission. During this demonstration mission, 
SpaceX launched its Dragon spacecraft into orbit on its Falcon 9 launch vehicle. The Dragon completed two orbits of 
Earth, and became the first commercial spacecraft in history to reenter the atmosphere from low Earth orbit and splash 
down. Currently, the Falcon 9 launch vehicle and Dragon spacecraft are at the SpaceX launch facility at Cape Canaveral 
in Florida in preparation for the next COTS demonstration mission. 

NASA’s investments with its commercial partners are beginning to bear fruit in other ways. SpaceX reports having 30 
missions on its current manifest, many of these being foreign launch customers. The COTS investment is helping the 
United States become more competitive in the global launch marketplace and increase its percentage of the launch 
market. The Nation now stands at the beginning an era of providing the best global value to both government and com-
mercial launch customers.

Orbital completes milestones in preparation for maiden launch vehicle flight

Orbital completed several milestones, 
preparing the company for its first 
Taurus  II launch vehicle maiden flight 
and final demonstration mission. Orbital 
completed a cargo demonstration using 
a sample manifest that included physi-
cal stowage of cargo simulators in their 
pressurized cargo module. Orbital began 
launch vehicle engine acceptance testing 

SpaceX’s Falcon 9 launches on December 9, 2010, from Cape Canav-
eral Air Force Station, next to Kennedy Space Flight Center in Florida. 
(Credit: SpaceX)

Orbital’s Cygnus spacecraft 
Service Module is shown 
here during its develop-
ment. (Credit: Orbital Sci-
ences Corporation)

http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/offices/c3po/home/index.html
http://www.nasa.gov/offices/c3po/home/index.html
http://www.spacex.com/
http://www.spacex.com/
http://www.orbital.com/
http://www.nasa.gov/centers/kennedy/home/index.html
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and delivered launch vehicle and spacecraft flight hardware to NASA’s Wallops Flight Facility. This spacecraft flight 
hardware included the maiden flight launch vehicle and flight Pressurized Cargo Module (PCM) in preparation for the 
demonstration mission next year.

NASA awards second round of commercial crew development awards

To further stimulate efforts within the private sector for the development and demonstration of safe, reliable, and cost-
effective space transportation capabilities, NASA awarded approximately $270 million to four commercial companies in 
April 2011 and approximately $46 million in September 2011 in optional milestones. 

This investment by NASA continues and expands the 2009 Commercial Crew Development (CCDev) initiative where 
NASA used American Recovery and Reinvestment Act funds to develop and demonstrate human spaceflight capa-
bilities. Through this new effort, CCDev2, NASA’s commercial partners will further advance commercial crew space 
transportation system concepts, maturing the design and development of system elements such as launch vehicles 
and spacecraft. These investments will spur economic growth as capabilities for new cost effective space markets are 
created. NASA and the nation will benefit from a reduced gap in U.S. human spaceflight capability. (Read more about 
the CCDev2 awards.)

Setting requirements for commercial services

During the fiscal year, NASA has been developing the acquisition strategy and long term planning for investment in 
end-to-end commercial crew transportation capabilities. In December 2010, NASA released the Commercial Crew 
Transportation System requirements for NASA low Earth orbit missions, which provides a consolidated set of require-
ments, standards, and processes that will be applied to the certification of a specific commercial crew transportation 
system for low Earth orbit missions. 

NASA developed a series of documentation to communicate roles and responsibilities, technical management pro-
cesses supporting certification, crew transportation system and ISS services requirements, ISS interface requirements, 
and the application of technical and operations standards for potential commercial partners. Over the year, these docu-
ments have been reviewed within NASA and by industry. NASA’s overarching strategy for the development of these 
documents is to ensure the requirements meet NASA safety and performance standards, yet is not overly prescriptive 
and allows commercial industry maximum flexibility to develop safe, reliable, and cost effective human space transpor-
tation systems.

http://www.nasa.gov/centers/wallops/home/index.html
http://www.nasa.gov/offices/c3po/partners/ccdev_info.html
http://www.nasa.gov/recovery/
http://www.nasa.gov/offices/c3po/home/ccdev2award.html
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Outcome 1.2
Develop competitive opportunities for the commercial community to provide best value products and services to 
low Earth orbit and beyond.

FY 2011 Performance Goal  FY 2011

Develop competitive opportunities for the commercial community to provide best value products and services to low Earth 
orbit and beyond.

1.2.1.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Conduct a minimum of one commercial cargo demonstration flight of new cargo 
transportation systems. None None None

10CS08
Yellow

CS-11-1
Green

Conduct a minimum of one commercial cargo demonstration flight of proximity 
operations with ISS. None

8CS08
Yellow

9CS9
Yellow

10CS07
Yellow

CS-11-2
Yellow

Why NASA rated APG CS-11-2 Yellow:  This annual performance goal was not met in FY 2011 and is planned to occur in FY 2012. This 
performance target was not accomplished due to development challenges by NASA’s partners. These partners experienced delays as their 
programs transitioned from design to integration and test, and they both continue to make technical progress toward their development and 
demonstration milestones. (See page 166 for the Performance Improvement Plan.)

Conduct a minimum of one safe berthing of commercial cargo transportation sys-
tems with the ISS. None None None

10CS08
Yellow

CS-11-3
Yellow

Why NASA rated APG CS-11-3 Yellow: This annual performance goal was not met in FY 2011 and is planned to occur in FY 2012. This 
performance target was not accomplished due to development challenges by NASA’s partners. These partners experienced delays as their 
programs transitioned from design to integration and test, and they both continue to make technical progress toward their development and 
demonstration milestones. (See page 166 for the Performance Improvement Plan.)

Release announcement for the development of commercial crew transportation 
systems (CCDev2). None None None None

CS-11-4
Green

FY 2011 Performance Goal FY 2011

Develop and document evaluation and certification processes for an integrated commercial crew transportation system. 1.2.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop NASA processes and requirements required to ensure crew safety to and 
from the ISS and other NASA and low Earth orbit destinations. None None None None

CS-11-5
Green
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Outcome 1.3
Develop an integrated architecture and capabilities for safe crewed and 
cargo missions beyond low Earth orbit.

Exploration beyond low Earth orbit will span decades, with the first step in embarking on this long and challeng-
ing journey involving the development of solid groundwork to ensure a successful endeavor. Experienced personnel 
from across the Agency are building a set of architectures, or mission frameworks, for multiple destinations in the 
solar system. These architectures include all aspects of mission performance—technologies, partnerships, safety, risk, 
schedule, and stakeholder priorities—that define the knowledge, capabilities, and infrastructure necessary to support 
human space exploration.

Team begins building a NASA architecture

In FY 2011, NASA formed the Human Architecture 
Team (HAT) to further develop mission architectures 
that include all aspects of mission performance. HAT 
met weekly to share information across the Centers 
and focus Design Reference Mission (DRM) stud-
ies toward evolving technologies and launch vehicle 
architectures. HAT created 10 DRMs that capture 
national and international priorities for evaluation by 
Agency stakeholders. 

Additionally, HAT provided technical support to the 
development and release of the Global Exploration 
Roadmap, an international collaboration to collect, 
organize and align international space agencies’ high 
level objectives for future space exploration. The 
lead organization, International Space Exploration 
Coordination Group, released the Global Exploration 
Roadmap on September 23, 2011. The report can 
be found at http://www.nasa.gov/exploration/about/
isecg/.

The vehicles and systems

NASA announces design for new deep space exploration system

On September 14, 2011, NASA announced that it was ready to move forward with the development of the Space Launch 
System (SLS), an advanced heavy-lift rocket to support missions beyond low Earth orbit. The NASA Authorization Act 
of 2010 directed NASA to develop the SLS, and significant work was completed in FY 2011 to refine the overall vehicle 
architecture while continuing hardware testing. Based on an intensive series of requirements and alternatives analysis 
reviews, NASA chose an evolvable architecture based on hardware used on Space Shuttle and in development under 
the Constellation Program, including Space Shuttle Main Engines (RS-25d), Core and Upper Stage designs based on 
existing Space Shuttle External Tank diameters, the J-2X engine for the Upper Stage, and five-segment solid rocket 
boosters for the initial SLS test flights. 

Representative of the extensive testing and hardware development in FY 2011 was the first set of hot fire tests of a 
complete J-2X engine at the Stennis Space Center and a test of a five-segment booster in Utah. NASA has shared its 
vision of the SLS development through the release of procurement documents at an Industry Day in Huntsville, AL on 
September 29, 2011.

SLS sits on the launch pad in this artist’s concept. The launch vehicle 
will be able to carry the Orion Multi-Purpose Crew Vehicle, as well as 
cargo and equipment to Earth orbit and beyond. (Credit: NASA)

http://www.nasa.gov/exploration/about/isecg/
http://www.nasa.gov/exploration/about/isecg/
http://www.nasa.gov/exploration/systems/sls/sls1.html
http://www.nasa.gov/exploration/systems/sls/sls1.html
http://thomas.loc.gov/cgi-bin/bdquery/z?d111:S3729:
http://thomas.loc.gov/cgi-bin/bdquery/z?d111:S3729:
http://www.nasa.gov/mission_pages/shuttle/main/index.html
http://www.nasa.gov/centers/stennis/home/index.html
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NASA continues work on Orion

On May 24, 2011, NASA announced that the Multi-Purpose Crew Vehicle (MPCV), also part of the NASA Authorization 
Act of 2010, will be based on the Orion Crew Exploration Vehicle design. The Orion will serve as the exploration vehicle 
that will carry the crew to space, provide emergency abort capability, sustain the crew during space travel, and provide 
safe reentry. 

NASA began a campaign of Orion landing tests at the Langley Research Center’s Hydro-Impact Basin, splash testing 
the “boilerplate” test vehicle to investigate different kinds of water landing scenarios. The Orion also completed con-
struction of its Ground Test Article (GTA) vehicle, the next higher-fidelity vehicle beyond the “boilerplate.” The GTA was 
brought to the Orion Denver facility to begin the first campaign of vibro-acoustic testing to better understand the forces 
that will be transmitted to the inside of the Orion during a launch abort. NASA also flew a test of rendezvous and dock-
ing technology, known as STORRM, on the second to last flight of the Space Shuttle, STS-134, potentially supporting 
future docking operations.

The human element

Defining capabilities and conducting research

NASA defined and baselined the top-level requirements in the Human Exploration Capabilities Requirements Document 
and a draft program plan is in review.  To this end, NASA continues to reduce the risk for human space exploration. The 
highest risks to human health and performance are investigated and mitigated by providing essential countermeasures 
and technologies for human space exploration. Risks include physiological effects from radiation, reduced and micro-
gravity, and terrestrial environments, as well as unique challenges in medical support, human factors, and behavioral 
health support. NASA utilizes an Integrated Research Plan (IRP) to identify the approach and research activities planned 
to address these risks, whether on the ISS, or in a ground-based laboratory, on Earth. The Human Research Roadmap 
is the web-based tool for communicating the IRP content (see http://humanresearchroadmap.nasa.gov/). 

Technicians position microphones around the Orion 
MPCV and launch abort system test articles in prepara-
tion for the second round of acoustic tests. More than 
600 instruments, 500 accelerometers and 100 micro-
phones were placed throughout the Orion crew module/
launch abort system stack to test critical components of 
the spacecraft such as avionics, propulsion and crew life 
support. (Credit: Lockheed Martin)

http://www.nasa.gov/exploration/systems/mpcv/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts134/main/index.html
http://humanresearchroadmap.nasa.gov/
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NASA released two NASA Research Announcements in FY 2011. One released on January 27, Ground-Based Studies 
in Space Radiobiology, solicited research in space radiation biology to take place at the NASA Space Radiation Labora-
tory at Brookhaven National Laboratory, New York. Another released on August 23, the Joint NASA and National Space 
Biomedical Research Institute’s Research and Technology Development to Support Crew Health and Performance 
in Space Exploration Missions, solicited innovative research addressing risks identified in NASA’s human research 
roadmap. 

The Space Studies Board of the National Academies is conducting an evaluation of NASA’s space radiation cancer risk 
model to identify any gaps in NASA’s current research strategy. There are still uncertainties about estimating the health 
risks of exposure to galactic cosmic rays. As a result, NASA limits astronaut exposure to an amount that could make 
future long-duration space exploration difficult. On August 1, NASA provided the review committee a copy of the NASA 
report, “Space Radiation Cancer Risk Projections and Uncertainties—2010,” which defines NASA’s models for different 
conditions and individuals. With delivery of this report, NASA’s active role in the evaluation was complete. The Space 
Studies Board committee has completed its evaluation and the final report should be available in early FY 2012.

Outcome 1.3
Develop an integrated architecture and capabilities for safe crewed and cargo missions beyond low Earth orbit.

FY 2011 Performance Goal  FY 2011

Complete design reviews for Space Launch System (SLS). 1.3.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop top level Agency requirements and draft Program Plan for Space Launch 
System (SLS). None None None None

HEC-11-1
Green

FY 2011 Performance Goal FY 2011

Complete design reviews for Multi-purpose Crew Vehicle (MPCV). 1.3.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop top level Agency requirements and Program Plan for Multi-Purpose Crew 
Vehicle (MPCV). None None None None

HEC-11-2
Green

FY 2011 Performance Goal FY 2011

Develop technologies that enable biomedical research and mitigate space human health risks associated with human space 
exploration missions.

1.3.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop and release two NASA Research Announcements that solicit from the 
external biomedical research community the highest quality proposals to mitigate 
space human health risks.

None None None None ERD-11-4

FY 2011 Performance Goal FY 2011

Perform research to ensure that future human crews are protected from the deleterious effects of space radiation. 1.3.2.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the independent assessment of the updated NASA Space Radiation 
Cancer Risk Model used to project the cancer risk for current ISS crews and future 
exploration missions.

None None None
10AC05
Green

ERD-11-5
Green

FY 2011 Performance Goal FY 2011

Develop exploration medical capabilities for long-duration space missions. 1.3.2.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop and begin implementation of a research plan to address a recently discov-
ered risk to crewmembers involving microgravity-induced visual alterations.

None None

9AC7
Yellow

10AC06
Green

ERD-11-6
Green

9AC4
Green

10AC07
Green

9AC5
Yellow

10AC07
Green

http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId=%7bE9E37001-C986-DF2A-9DA6-3FC8B82ADA8B%7d&path=past
http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId=%7bE9E37001-C986-DF2A-9DA6-3FC8B82ADA8B%7d&path=past
http://www.bnl.gov/medical/nasa/nsrl_description.asp
http://www.bnl.gov/medical/nasa/nsrl_description.asp
http://www.nsbri.org/
http://www.nsbri.org/
http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId=%7bA7371EE0-4ADA-8B9A-53A2-37F3B71B06D6%7d&path=open
http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId=%7bA7371EE0-4ADA-8B9A-53A2-37F3B71B06D6%7d&path=open
http://sites.nationalacademies.org/SSB/
http://sites.nationalacademies.org/SSB/CurrentProjects/SSB_062957
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Strategic Goal 2Expand scientific understanding of the Earth  
and the universe in which we live.

Since America’s first exploratory steps in space with the launch of the Explorer I satellite in 1958, NASA has broadened 
its scientific reach with an increasingly sophisticated series of robotic missions that have visited asteroids, impacted 
comet nuclei, orbited the gas giants Jupiter and Saturn, imaged the Sun in stereo, observed planets around distant 
stars, and looked back in time to moments after the Big Bang. At the same time, NASA has studied Earth from space 
with increasing detail. The Agency has used its unique perspective from space in pursuit of answers to profound science 
questions:  How and why are Earth’s climate and environment changing? How do planets, stars, and galaxies originate? 
Is Earth the only source of life? How did the universe begin and what is its destiny?

NASA develops, operates, and mines data from science missions that will have a global impact on understanding 
humankind’s place in the universe and the sustainability of Earth, guided by priorities set by the Nation’s best scientific 
minds through the National Academies’ decadal surveys for Earth Science, Heliophysics, Planetary Science, and Astro-
physics. NASA’s Science Mission Directorate (SMD) is responsible for serving these four themes through portfolios of 
space missions and mission-enabling programs, including suborbital missions, technology development, research and 
analysis, and data archival and distribution to sustain progress toward science goals.

Benefits

SMD’s programs lay the intellectual foundation for the robotic and human expeditions of the future while meeting 
today’s needs for scientific information to address national concerns, such as climate change, the availability of natural 
resources, and space weather.

SMD has an essential role in NASA’s education mission to inspire the next generation of explorers. The discoveries and 
new knowledge from missions and research programs consistently engage people’s imaginations, inform teachers, and 
excite students about science and exploration. SMD is committed to using its resources to foster the broad involvement 
of the Earth and space science communities in education and public outreach with the goal of enhancing the Nation’s 
formal education system and contributing to the broad public understanding of science, mathematics, engineering, and 
technology. NASA’s science education program creates products using NASA’s results in Earth Science, Heliophysics, 
Planetary Science, and Astrophysics research. The program sponsors educational activities at all levels of formal and 
informal education to provide opportunities for learners of all ages.

NASA’s new Aquarius instrument aboard 
the Argentinian SAC-D spacecraft produced 
its first global map of the salinity, or salti-
ness, of Earth’s ocean surface, providing an 
early glimpse of the mission’s anticipated 
discoveries. The image, using data from 
August 25 to September 11, 2011, shows 
the water with the highest salinity in red and 
yellow (the subtropics in the Atlantic) and 
water with the lowest salinity in blue and 
purple (rainy belts along the equator, the 
northernmost Pacific, and around the Indian 
subcontinent and southeast Asia). Find 
out more about this image, including the 
grams of salt per kilogram of water attrib-
uted to each color. (Credit: NASA/GSFC/
JPL-Caltech)

http://sites.nationalacademies.org/SSB/ssb_052297
http://science.nasa.gov/earth-science/
http://science.nasa.gov/heliophysics/
http://science.nasa.gov/planetary-science/
http://science.nasa.gov/astrophysics/
http://science.nasa.gov/astrophysics/
http://science.nasa.gov/
http://www.nasa.gov/mission_pages/aquarius/main/index.html
http://www.nasa.gov/mission_pages/aquarius/multimedia/gallery/pia14786.html
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Cost and Availability of Expendable Launch Vehicles: NASA continues to have concerns about the availability, reli-
ability, and increased cost of expendable launch vehicle (ELV) options. Over the course of the last decade, the Delta II 
has been the workhorse for launching many robotic mid-sized spacecraft. Without this option, NASA has access only 
to costlier evolved ELVs (Delta IV, Atlas V), which were designed to launch payloads larger than required for many of the 
missions identified in the NASA Science Plan. Options in the small and medium classes are limited by the lack of reli-
able, NASA-certified launch vehicles. Possible cost growth in the evolved ELV class is an additional source of concern.  

These problems will persist until more competitively priced new commercial launch vehicles become available and dem-
onstrate reliability, potentially reducing the cost of launching missions and facilitating a return of commercial customers 
to U.S. launchers. In the wake of the launch vehicle failures on two NASA Earth Science missions, the Orbiting Carbon 
Observatory (OCO) in 2009 and Glory in 2011, the reliability of launch vehicles in this size range is keenly recognized as 
an aspect of this risk.

International Partnerships: NASA’s science portfolio depends on solid, significant, and reliable international partner-
ships. These partnerships can help to defray costs and balance risks across the partners. In addition, these partner-
ships contribute significantly to a shared scientific understanding and ownership which greatly assists in advancing 
scientific understanding. 

While international partnerships can help maintain higher effective mission flight rates in a reduced budget environment, 
they also introduce increased management complexities, as well as technical and programmatic risks. The proper bal-
ancing of these risks and rewards requires careful definition of partner interfaces and responsibilities.

Availability of Plutonium-238: The supply of Plutonium-238 (Pu-238) remains a limiting factor in the exploration of the 
solar system. NASA has already rescoped New Frontiers-3 due to the limited supply of the Pu-238. NASA requires 
Pu-238 to make power for missions that travel too far from the Sun for solar power generation. Russia has suspended 
implementation of its contract with the Department of Energy (DOE) for purchase of Russia’s remaining supplies of 
Pu-238. NASA continues to explore its options with the DOE, and gained appropriation of funds for FY 2011 to begin 
analyzing the best approach to reestablish the supply. 

Risks to Achieving Strategic Goal 2

http://www.nasa.gov/mission_pages/oco/main/index.html
http://www.nasa.gov/mission_pages/oco/main/index.html
http://glory.gsfc.nasa.gov/
http://newfrontiers.nasa.gov/
http://energy.gov/
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Outcome 2.1
Advance Earth system science to meet the challenges of climate and envi-
ronmental change.

NASA’s Earth Science theme advances knowledge of the integrated Earth system, the global atmosphere, oceans 
(including sea ice), land surfaces, ecosystems, and interactions between all elements, including the impacts of humans. 
Earth Science uses a balanced portfolio of flight programs, research, technology development, and applied sciences to 
achieve its objectives—and serve national and international needs—in these areas.

The Earth Science Research Program advances understanding of the Earth system, its components and their interac-
tions, its changes, and the consequences of these changes for life. The program pioneers the use of remote sensing 
data, primarily space-based, and sponsors basic disciplinary and interdisciplinary research, Earth system modeling 
efforts, the Airborne Science project (which provides access to aircraft and unmanned aircraft systems), and supercom-
puting efforts supporting a variety of programs, as well as education and outreach. 

Earth Science completed several important mission milestones during the fiscal year. Many of these missions will serve 
more than one science objective.

•	 On	June	7,	2011,	NASA	completed	the	Aquarius Launch Readiness Review (LRR), the last review of the spacecraft, 
its launch vehicle, and launch systems to ensure everything is ready. The mission launched on June 10 and began 
operations—”tasting” the saltiness of Earth’s ocean surface—in September.

•	 Earth	Science	released	the	Earth	Venture	(EV)-2	Announcement	of	Opportunity	on	June	17,	2011,	with	the	proposals	
received in September. Earth Venture is an element within Earth Science’s Earth System Science Pathfinder Pro-
gram, which conducts low-to-moderate cost, small-to-medium sized, competitively selected, principal investigator-
led Earth science investigations.

•	 A	review	team	completed	the	Mission	Operations	Review	(MOR)	for	the	Landsat Data Continuity Mission (LDCM) 
on October 28, 2010.  They assessed the program’s flight concept of operations, project management, operations 
and sustainment plans, safety and mission assurance, and other program aspects.  The launch is planned for the 
first quarter of FY 2013.

•	 A	review	team	completed	the	NPOESS Preparatory Project (NPP) Mission Readiness Review (MRR) on September 
6, 2011. Like an LRR, the MRR determines if all systems are ready for a successful launch. MRR is distinguished 
from an LRR in that MRR also evaluates the readiness of the mission plan to accomplish the mission objectives. 
Earth Science kicked off FY 2012 with the successful launch of NPP on October 28.

Understanding changes in the ozone layer, air quality, and aspects of atmospheric 
composition

Using aircraft and satellites to study cirrus clouds

In the past year, NASA researchers conducted an airborne field campaign to improve the characterization of mid-latitude 
cirrus clouds, the thin, wispy clouds blown by high winds into long streamers. The campaign, called Measurements 
from the Mid-latitude Airborne Cirrus Properties Experiment (MACPEX), was designed to fill a critical gap in scientists’ 
knowledge about the microphysical properties of mid-latitude cirrus. 

Information gained from MACPEX about the sizes, concentrations, and water contents in cirrus clouds is being used to 
improve basic understanding of cirrus formation and evolution, provide improved characterization of cloud properties 
for Earth system models, and enhance remote sensing retrieval algorithms (which transform satellite measurements into 
geophysical parameters—data products that can be used by researchers).

The	researchers	used	NASA’s	WB-57	aircraft	to	fly	over	the	continental	U.S.	and	the	Gulf	of	Mexico	during	March	and	
April	2011.	The	WB-57	payload	included	an	extensive	array	of	instruments	for	measuring	cirrus	properties,	aerosols,	water	
vapor, tracers, and meteorological conditions. The MACPEX instrument suite employed recent advances in instrument 
design and analysis techniques that have mitigated chronic problems with previous instrumentation. To help validate the 
data, the MACPEX researchers coordinated many of the flights with observations from two satellites from the A-train 

http://science.nasa.gov/earth-science/
http://science.nasa.gov/earth-science/earth-science-data/
http://science.nasa.gov/earth-science/earth-science-data/
http://www.nasa.gov/mission_pages/aquarius/main/index.html
http://www.nasa.gov/mission_pages/aquarius/news/aquarius20110901.html
http://www.nasa.gov/mission_pages/aquarius/news/aquarius20110901.html
http://ldcm.nasa.gov/
http://www.nasa.gov/mission_pages/NPP/main/index.html
http://www.espo.nasa.gov/macpex/
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formation, the Cloud-Aerosol Lidar and Infrared 
Pathfinder Satellite Observation (CALIPSO) and 
CloudSat, and data from ground based instru-
ments at the Department of Energy’s Southern 
Great Plains site for validation. Earth Science will 
use the detailed measurements to better char-
acterize cloud properties for incorporation into 
global climate models.

DISCOVERing better ways to monitor air 
pollutants

The Deriving Information on Surface Conditions 
from Column and Vertically Resolved Observa-
tions Relevant to Air Quality (DISCOVER-AQ) 
mission is a four-year Earth Venture-funded 
campaign to improve the use of satellites to 
observe and conduct research on air quality in 
the lower atmosphere. A challenge for Earth-
observing satellites measuring air quality is to 
distinguish between pollution high in the atmo-
sphere and that near the surface where people 
live and breathe. DISCOVER-AQ will tackle this challenge through targeted, simultaneous airborne observations at high 
and low altitudes and ground-based observations. The campaign results will enable improvements in scientists’ ability 
to monitor pollution from satellites, so that they can make better air quality forecasts, more accurately determine the 
sources of pollutants in the air and more closely determine the fluctuations in emissions levels. 

The campaign employs NASA aircraft to make a series of flights with scientific instruments onboard to measure gaseous 
and particulate pollution. The series of flights—which will be made by NASA Langley Research Center’s King Air and 
NASA’s P-3B—commenced over the Baltimore-Washington, DC, area during summer 2011. Future flight campaigns 
may be conducted in Houston (2013) and Sacramento (2013), with a final site in 2014 to be determined. 

The measurements were taken in concert with ground observations to shed light on how satellites could be used to 
make similar, consistent measurements over time, with the ultimate goal of putting better data in the hands of policymak-
ers, elected officials, and scientists. Visit the DISCOVER-AQ site to find out more about the 2011 mission, how the data 
is being used, and some of the results to date.

Assessing the global impact of black carbon

Black carbon exists as particles in the atmosphere and is a major component of soot. It has significant human health 
and climate impacts. At ground level, ozone is an air pollutant harmful to human health and ecosystems, and throughout 
the troposphere (the atmosphere’s lowest layer) is also a significant greenhouse gas. In 2009, the United Nations Envi-
ronment Programme (UNEP) was asked to organize an assessment to provide a scientifically credible basis for informed 
decision-making on black carbon issues. The reports from that assessment, as well as the 2010 report of the UNEP-led 
International Ozone Assessment, were both published this year.  

UNEP provides leadership and encourages partnership in caring for the environment. NASA scientists and NASA-
funded researchers participated and served in leadership roles in this activity. The assessment also used data from 
NASA satellites (Aura and past satellites and instruments like the Total Ozone Mapping Spectrometer (TOMS), the 
Stratospheric Aerosol and Gas Experiment (SAGE), and the Upper Atmosphere Research Satellite (UARS)), data from 
ground-based networks (the Advanced Global Atmospheric Gases Experiment (AGAGE) and the Network for the Detec-
tion of Atmospheric Composition Change (NDACC)), and atmospheric models. 

The assessment team looked at the challenges created by black carbon in the atmosphere, like its contribution to the 
changing climate, melting snow and ice around the world, and reduced crop yields. Then they examined the potential 
effects of reduced emissions and recommended responses. The result was a comprehensive analysis of drivers of 
emissions, trends in concentrations, and impacts on climate, human health, and ecosystems of black carbon, as well as 
tropospheric ozone and its precursors. Black carbon, tropospheric ozone, and methane are often referred to as short-
lived climate forcers, as they have a short lifetime in the atmosphere (days to about a decade) relative to carbon dioxide.

NASA’s WB-57 taxis along the runway before going on a 
MACPEX flight. The wings carry instruments contained in 
“spearpods” and several other instruments bristle near the 
underside of the aircraft’s nose. (Credit: NASA)

http://www.arm.gov/sites/sgp
http://www.arm.gov/sites/sgp
http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/mission_pages/discover-aq/index.html
http://www.unep.org/
http://www.unep.org/
http://www.nasa.gov/mission_pages/aura/main/index.html
http://ozoneaq.gsfc.nasa.gov/
http://www.nasa.gov/mission_pages/uars/index.html
http://agage.eas.gatech.edu/
http://www.ndsc.ncep.noaa.gov/
http://www.ndsc.ncep.noaa.gov/
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The assessment determined that under current policies, emissions of black carbon and ozone precursors are expected 
globally either to increase or to remain roughly constant unless further mitigation action is taken. It also cited scientific 
evidence and new analyses that demonstrate that control of black carbon particles and tropospheric ozone through 
rapid implementation of proven emission reduction measures would have immediate and multiple benefits for human 
well-being. 

Stratospheric aerosol layer: impact of volcanic eruptions

Researchers explored the variability of stratospheric aerosol loading between 1985 and 2010 with measurements 
from multiple spaceborne instruments, including SAGE II, CALIPSO, and sensors on European and Canadian plat-
forms, GOMOS/ENVISAT and SIRIS/Odin. Following the 1991 eruption of Mount Pinatubo, stratospheric aerosol levels 
increased by as much as two orders of magnitude and only reached “background levels” between 1998 and 2002. From 
2002 onwards, a systematic increase in stratospheric aerosols has been reported by a number of investigators.  

Recently, studies done using ground-based lidar measurements have tentatively attributed this trend to an increase 
of sulfur dioxide entering the stratosphere associated with coal burning in Southeast Asia. However, these satellite 
measurements demonstrate that the observed trend is mainly driven by a series of moderate but increasingly intense 
volcanic eruptions primarily at tropical latitudes. These events injected sulfur directly to altitudes between 11 and more 
than 12 miles (18 and 20 kilometers). The resulting aerosol particles are slowly lofted into the middle stratosphere and 
are eventually transported to higher latitudes.

A study published in July 2011 shows that none of the climate models have included the effect of the slow increase in 
stratospheric aerosols during the past decade. Researchers also have used these measurements to assess the role of 
aerosols in radiative forcing (the change in the balance between the incoming and outgoing radiation energy between 
the troposphere and stratosphere) and their impact to climate model calculations of global change. If these measured 
increasing trends were not taken into account, climate model projects would overestimate radiative forcing and global 
warming in coming decades.

Seasonal variation of black carbon transport from Asia to the Arctic

Researchers conducted extensive measurements of black carbon aero-
sol in and near the North American Arctic during the Arctic Research 
of the Composition of the Troposphere from Aircraft and Satellites 
(ARCTAS) aircraft campaign in April and June–July 2008, and impor-
tant new results were published by NASA-funded researchers in 2011. 
Analyses of observations from the ARCTAS aircraft mission provided 
new perspectives on the transport of pollution to the Arctic and its cli-
mate implications. They showed that the Arctic is subject to a complex 
combination of influences from Asian, European, and North American 
anthropogenic (human-made) pollution, as well as Russian fires, known 
as biomass burning.  

The researchers found that both fossil fuel and biomass burning are 
major contributors of black carbon in the Arctic. Further, the results 
show that the impact of black carbon emitted from anthropogenic 
sources in East Asia on the Arctic was very limited in both spring and 
summer. The biomass burning emissions in Russia in spring were found 
to be the most important sources of black carbon transported to the 
North American Arctic.  

ARCTAS also revealed that the prominent satellite observations of Bromine Monoxide hotspots in polar spring are not 
due to boundary layer bromine, as previously thought, but to tropopause depressions (the point between the tropo-
sphere and the stratosphere where air stops cooling with height and becomes almost completely dry) combined with 
higher-than-expected inorganic bromine in the lower stratosphere. Bromine has been linked to ozone destruction, so 
elevated bromine has important consequences for ozone in the Arctic stratosphere and troposphere.

Radiative effects of biomass burning aerosols

Direct and semidirect radiative effects of biomass burning aerosols from southern African fires during July through Octo-
ber were investigated using 20-year runs of the Community Atmospheric Model (CAM) coupled to a slab ocean model. 
Aerosol optical depth is constrained using observations in clear skies from MODIS and for aerosol layers above clouds 

NASA’s P-3, one of the aircraft used for the 
ARCTAS campaign, is ready to be moved into the 
airfield hangar after its arrival at Thule Air Base, 
Greenland on April 8, 2008. (Credit: NASA)

http://www.nasa.gov/centers/langley/news/factsheets/SAGE.html
http://www.nasa.gov/mission_pages/calipso/main/index.html
http://envisat.esa.int/instruments/gomos/
http://osirus.usask.ca/
http://www.nasa.gov/topics/earth/features/stratospheric-aerosols.html
http://www.espo.nasa.gov/arctas/
http://www.espo.nasa.gov/arctas/
http://www.espo.nasa.gov/arctas/
http://modis.gsfc.nasa.gov/
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from CALIPSO. Over the ocean, where the aerosol layers are primarily located above cloud, negative top of atmosphere  
semidirect radiative effects associated with increased low cloud cover dominate over a weaker positive all-sky direct 
radiative effect. In contrast, over the land where the aerosols are often below or within cloud layers, reductions in cloud 
liquid water path lead to a positive semidirect radiative effect that dominates over a near-zero direct radiative effect. Over 
the ocean, the cloud response can be understood as a response to increased lower tropospheric stability, which is 
caused both by radiative heating in overlying layers and surface cooling in response to direct aerosol forcing. Over land, 
decreased liquid water path is consistent with weaker convection driven by increased static stability. Over the entire 
region, the overall top of atmosphere radiative effect from the biomass burning aerosols is almost zero due to opposing 
effects over the land and ocean. However, the surface forcing is strongly negative, which leads to a reduction in precipi-
tation and also a reduction in sensible heat flux. The results highlight the importance of semidirect radiative effects and 
precipitation responses for determining the climatic effects of aerosols in the African region. 

Using NASA capabilities to improve extreme weather monitoring and prediction

Getting a GRIP on tropical storms and hurricanes

In August-September 2010, NASA conducted the Genesis and Rapid Intensification Processes (GRIP) field experiment 
to better understand the physical processes that control hurricane formation and intensity change. 

NASA and National Science Foundation aircraft teamed up to perform coordinated flights for the genesis of Hurricane 
Karl and Tropical Storm Matthew and the non-development of the remnants of Tropical Storm Gaston. NASA’s space 
and airborne observational capabilities put it in a unique position to assist the hurricane research community in address-
ing shortcomings in the current state of the science. The relatively recent launch of several new satellites, the prospect 
of using high-altitude unmanned aircraft systems for hurricane surveillance, and the emergence of new remote sensing 
technologies offer new research tools that need to be explored and validated. New remote sensing instruments for wind 
and temperature may lead to improved characterization of storm structure and environment. In June 2011, the GRIP 
project hosted a science meeting to share some of the results. The presentations are available at http://grip.nsstc.nasa.
gov/science_meeting.html.

SPoRT transitions important data to Weather Forecasting Offices

The Short-term Prediction Research and Transition (SPoRT) Center is a NASA project to transition unique observations 
and research capabilities to the operational weather community to improve short-term forecasts on a regional scale.  
In fall 2010, the National Weather Service’s Office of Science and Technology asked SPoRT to transition experimental 
ocean surface wind vectors derived from WindSat to selected forecast offices around the country. Developed by the 
Naval Research Laboratory, WindSat measures ocean surface, wind speed, and wind direction from space. The data 
is currently undergoing evaluation by forecasters in the Alaska region and the Monterey Weather Forecasting Office.

Demonstrating the connection between the Saharan Air Layer and hurricanes

A study using data from a suite of instruments aboard Aqua—the Atmospheric Infrared Sounder (AIRS) and Advanced 
Microwave Sounding Unit (AMSU)—demonstrated that information about intensely dry, warm air associated with the 
Saharan Air Layer improves hurricane simulations. It also demonstrated that the Saharan Air Layer, which often sits over 
the cooler, more humid surface air of the Atlantic Ocean, contributes to hurricane formation but suppresses hurricane 
intensification. 

A well-defined plume of dust swept across 
the entire Atlantic Ocean on June 24, 2009. 
In this photo-like image taken by the MODIS 
instrument on Aqua in three consecutive 
overpasses, the dust stretches from its ori-
gins in Africa’s Sahara Desert to the Lesser 
Antilles Islands on the eastern edge of the 
Caribbean Sea. Read more about this 
image. (Credit: NASA/J. Schmaltz, MODIS 
Rapid Response)

http://www.nasa.gov/mission_pages/calipso/main/index.html
http://grip.nsstc.nasa.gov/index.html
http://www.nsf.gov/
http://grip.nsstc.nasa.gov/science_meeting.html
http://grip.nsstc.nasa.gov/science_meeting.html
http://weather.msfc.nasa.gov/sport/
http://www.nws.noaa.gov/ost/
http://www.nrl.navy.mil/WindSat/
http://www.nrl.navy.mil/
http://aqua.nasa.gov/
http://airs.jpl.nasa.gov/
http://aqua.nasa.gov/about/instrument_amsu.php
http://aqua.nasa.gov/about/instrument_amsu.php
http://modis.gsfc.nasa.gov/
http://aqua.nasa.gov/
http://earthobservatory.nasa.gov/IOTD/view.php?id=39102
http://earthobservatory.nasa.gov/IOTD/view.php?id=39102
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Better forecasting of precipitation with AIRS

The impact of assimilating quality-controlled AIRS temperature retriev-
als obtained from partially cloudy regions was assessed in a recent 
NASA study, with focus on precipitation produced by the Goddard 
Earth Observing System Model (GEOS)-5 data assimilation and fore-
casting system for three tropical cyclones. Scientists found that the 
precipitation analysis obtained when assimilating AIRS cloudy retriev-
als can capture regions of heavy precipitation associated with tropical 
cyclones much better than without AIRS data or when using AIRS 
clear-sky radiances. The corresponding precipitation forecasts initial-
ized from AIRS analysis showed better performance than forecasts 
initialized from previous analyses up to two-day forecasting.

Satellite data connect two super-extreme weather events 
of 2010

NASA satellite and re-analyses data show that the two super-extreme 
weather events in the summer of 2010—the Russian heat wave and 
the Pakistan flood—were physically connected. The development of 
an atmospheric blocking high associated with Russian heat wave set 
off a large-scale atmospheric Rossby wave, which was instrumental 
in triggering torrential rain over northern Pakistan. 

The recent study by NASA scientists found that an abnormal Rossby 
wave sparked extreme heat and persistent wildfires in Russia as well 
as unusual downstream wind patterns that shifted rainfall in the Indian 
monsoon region and fueled heavy flooding in Pakistan. Atmospheric 
Rossby waves are giant flows of high-altitude winds that are formed 
by the shape and rotation of Earth. Always moving from east to west, 
they have major effects on large-scale ocean circulation, weather, 
and climate, and they form the jet streams. The Russian heat wave 
started before the floods, but both events attained maximum strength 
at approximately the same time, the researchers found by analyzing 
NASA satellite data measuring land surface temperature, precipita-
tion intensity, and wildfire activity. Under normal summertime condi-
tions, the jet stream pushes weather fronts through Eurasia in four or 
five days, but in July 2010 a large-scale, stagnant weather pattern—
known as an Omega blocking event—developed over a high-pressure 
ridge above western Russia. This blocking event, which divided the 
jet stream, had the effect of slowing the Rossby wave and prevented 
the normal progression of weather systems from west to east. As a result, a large region of high pressure formed over 
Russia and trapped a hot, dry air mass that stopped precipitation and dried out the vegetation. 

Meanwhile, the blocking pattern created unusual downstream wind patterns over Pakistan. Areas of low pressure on the 
leading edge of the Rossby wave formed in response to the high that pulled cold, dry Siberian air into lower latitudes. 
This high brought upper level air disturbances farther south than is typical, which helped shift the entire monsoon rainfall 
system north and west, bringing heavy monsoon rains squarely over the northern part of Pakistan. 

While the new study highlights the degree of interconnection that can exist between two seemingly unrelated weather 
events, many questions remain. For example, why did such a powerful blocking high form in the first place? And did 
some particular process occurring on the land or in the atmosphere sustain and strengthen it? Furthermore, graphite-
like dark particles in wildfire smoke (a type of aerosol called black carbon) may have helped burn clouds away, making 
the surface even drier and more fire prone.

Monsoon floods struck Pakistan’s southern Sindh 
Province in August 2011. A drain breach in Badin 
District left residents marooned on dry spots sepa-
rated by high water. Terra’s MODIS instrument 
captured these images on August 16, 2011 (top), 
and July 17, 2011 (bottom). The images show 
southern Pakistan, near the coast and near the 
border with India. Both images use a combination 
of visible and infrared light to increase contrast 
between water and land. Water ranges in color 
from electric blue to navy. Vegetation is green, and 
bare ground is pink-beige. Clouds are pale blue-
green. (Credit: NASA/MODIS Rapid Response 
Team)

http://airs.jpl.nasa.gov/
http://gmao.gsfc.nasa.gov/systems/geos5/
http://gmao.gsfc.nasa.gov/systems/geos5/
http://www.nasa.gov/topics/earth/features/asia-fire.html
http://modis.gsfc.nasa.gov/
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Understanding land cover, biodiversity, and a changing ecosystem

Publishing research results for the North American Carbon Program

In the past year, NASA research has advanced in quantifying the state of global land cover, analyzing interannual vari-
ability and trends in terrestrial and marine ecosystems, and explaining the processes that control productivity and 
carbon cycling, one of the most important cycles of Earth, allowing for carbon to be recycled and reused throughout the 
biosphere and all of its organisms. The researchers have published many peer reviewed journal articles on the results of 
the interagency North American Carbon Program’s (NACP’s) interim synthesis studies.  

Researchers have characterized and, in several cases, quantified the effects of differing types of disturbances, caused 
by natural phenomena as well as by human actions, on carbon sources and sinks at continental scales.  Research-
ers will use this new understanding, along with the findings of an on-going model intercomparison study for NACP, to 
improve carbon cycling models.

National Biomass and Carbon Data Set released in April 2011

Hectare-scale maps of canopy height, aboveground biomass, and associated carbon stock for the forests and wood-
lands of the contiguous United States were released to the public. The National Biomass and Carbon Dataset (NBCD) 
project	produced	maps	of	these	key	forest	attributes	at	an	unprecedented	spatial	resolution	of	97.5	feet	(30	meters).	The	
project was initiated in 2005 with support from NASA, the U.S. Geological Survey, and the U.S. Department of Agricul-
ture’s Forest Service. NASA space-borne imagery (Shuttle Radar Topography Mission and Landsat-7), land use/land 
cover information, topographic survey data, and extensive forest inventory data were combined. Across 66 individual 
mapping zones, spatial data, field observations, and statistical models were used to generate the canopy height, above 
ground biomass, and carbon stock maps, which were then merged to form national-scale products. 

The data set is available at http://www.whrc.org/mapping/nbcd/nbcd_reg.html.

Analyzing phytoplankton’s role in the carbon cycle

In 2010, researchers published the first satellite-based analysis of major phytoplankton classes (micro-, nano-, and 
picophytoplankton) in the world’s oceans, and their contribution to primary production. Primary production is a measure 
of the amount of biomass produced through photosynthesis by plants. The analysis of interannual variations revealed 
large anomalies in class-specific primary production as compared to the 10-year mean cycle in both the productive 
North Atlantic basin and the more stable equatorial Pacific upwelling. Assessing climatology and interannual changes in 
primary production associated with three major phytoplankton classes within the global ocean represents a significant 
contribution to our ability to understand and quantify carbon cycling in the upper ocean.

Phytoplankton are microscopic organisms that live in both salty and fresh water. Like land plants, phytoplankton have 
chlorophyll to capture sunlight, and they use photosynthesis to turn it into chemical energy. They also consume carbon 
dioxide and release oxygen. Previous research has focused on phytoplankton as a single group. The researchers note 
that the different function, structure, and size of phytoplankton communities influence many biogeochemical processes 
important to primary production. The researchers applied algorithms that allowed them to determine distinct groups 
of phytoplankton from ocean color remote sensing data gathered by NASA’s Sea-viewing Wide Field-of-view Sensor 
(SeaWiFS). The algorithms cannot directly quantify the production of each phytoplankton group; that information was 
interpreted by the researchers.

The researchers found that microphytoplankton appear as a major contributor to total primary production in coastal 
upwelling	systems	(70	percent)	and	temperate	and	subpolar	regions	(50	percent)	during	the	spring–summer	season.	
Picophytoplankton make their biggest contribution (45 percent) in subtropical oligotrophic (having low accumulation of 
dissolved nutrient salt, sparse algae and other organisms, but high oxygen content) gyres. Nanophytoplankton provide 
a ubiquitous, substantial contribution (30 to 60 percent). There appears to be very little interannual variability in the 
annual cycle of primary production for total phytoplankton over the global ocean. However, when the researchers looked 
at the different phytoplankton classes, they saw different degrees of variability. In contrast to the observations made 
on the global scale, the regional scale analysis reveals large year-to-year variations in total and class-specific primary 
production.

http://www.nacarbon.org/nacp/
http://www.usgs.gov/
http://www.usda.gov/wps/portal/usda/usdahome
http://www.usda.gov/wps/portal/usda/usdahome
http://www.fs.fed.us/
http://www2.jpl.nasa.gov/srtm/
http://landsat.gsfc.nasa.gov/about/landsat7.html
http://www.whrc.org/mapping/nbcd/nbcd_reg.html
http://oceancolor.gsfc.nasa.gov/SeaWiFS/
http://oceancolor.gsfc.nasa.gov/SeaWiFS/
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Publishing findings on carbon cycle and biodiversity

A number of NASA-supported projects have used remotely sensed data and ecological models to define the habitats 
of organisms and how they change, or are likely to change, in response to physical, chemical, and biological variations 
in their surroundings. These projects are not only important for understanding how organisms respond to land cover 
change and other changes in their environment, but they have large implications for managing natural systems to pro-
mote the conservation of biodiversity. 

In 2011, an additional special issue section of the Journal of Geophysical Research reported on results of the Southern 
Ocean Gas Exchange Experiment (SO GasEx), which studied the transfer of gases like carbon dioxide from ocean to 
atmosphere. Funded by NASA, the National Science Foundation, and NOAA, the multidisciplinary field process study 
aimed to better understand how air–sea gas exchange affects and is affected by Southern Ocean biogeochemistry.  
The journal also published a special collection of papers on the study of vegetation three-dimensional structure, which 
includes canopy height and density, from space. Because of the inherent difficulty of measuring forested vegetation 
three-dimensional structure on the ground, this important component of biodiversity and habitat has mostly been 
restricted to local measurements or, for larger scales, generalizations. Spaceborne lidar and remote sensing instruments 
have made it possible to derive accurate three-dimensional measurements and create models of biomass structure and 
changes. 

Quantifying water reservoirs and assessing global water cycle changes and water 
quality

Multiple satellite data sources, improved models and field campaigns

Over the past year, NASA has continued its progress improving its description of the water cycle, including the size and 
movement between its stores. Coincident use of multiple satellite data sources (e.g., Advanced Microwave Scanning 
Radiometer for EOS (AMSR-E), Tropical Rainfall Measuring Mission (TRMM), and Moderate Resolution Imaging Spec-
troradiometer (MODIS)), especially those of different but linked variables have led to improvement both in the quantifica-
tion of the water cycle and the uncertainty estimates of its components, with both groundwater and total storage two 
new variables being provided. Furthermore, Gravity Recovery and Climate Experiment (GRACE) data has been used to 
provide large area estimates of the change in total water storage of the land that by definition has to equal the sum of 
precipitation, evaporation, and run-off. Refinement has been made globally, regionally, and on annual and monthly time 
scales.

Following the study published in 2009 that used GRACE data to identify current rates of groundwater depletion in India, 
a recent study showed that California’s major water source (the Sierra Nevada mountains) and America’s fruit basket 
(California’s Central Valley) were also experiencing significant rates of groundwater depletion. During the 2003-2010 
time period studied, the combined Sacramento-San Joaquin River Basins lost the equivalent volume of Lake Mead in 
freshwater, nearly two-thirds of which came from groundwater. The work has resonated across the country, renewing 
calls for enhanced groundwater management, and garnering support for an accelerated GRACE follow-on mission.

Annually the Bulletin of the American Meteorological Society releases a “state of the climate” issue. For the first time 
NASA is able to contribute two new variables to this report. GRACE data combined with large-scale hydrological model-
ing are able to contribute important information about the “climate” of Groundwater and Total Water Storage. Not only 
is this affirmation that these variables are important but also highlights that satellite remote sensing is a requirement for 
this climate variable.

Studies leverage multiple field campaigns for vital downscaling approaches

A NASA supported study has allowed for the exploitation of data from numerous field studies (e.g., Southern Great 
Plains and Soil Moisture Experiment) that have been funded in full or in part by NASA over the last two decades. Though 
different field campaigns emphasized different scientific objectives, this study was able to coalesce the information con-
tent of them all to understand aspects of soil moisture variability. The study used this to better understand the informa-
tion captured by remote sensing at different spatial resolutions, especially revealing controlling aspects on the variability 
(i.e., ecological, topographical, and others). This has resulted in important guidance on methods of creating and using in 
situ gauges to evaluate remote sensing products. It also has led to ways to downscale soil moisture, either observations 
or models. This is particularly important in making scientific research data more readily usable by agriculture and water 
resource managers.

http://www.agu.org/journals/jc/special_sections.shtml?collectionCode=SOGEE1
http://so-gasex.org/
http://so-gasex.org/
http://www.nsf.gov/
http://www.noaa.gov/
http://aqua.nasa.gov/about/instrument_amsr.php
http://aqua.nasa.gov/about/instrument_amsr.php
http://trmm.gsfc.nasa.gov/
http://modis.gsfc.nasa.gov/
http://modis.gsfc.nasa.gov/
http://www.csr.utexas.edu/grace/
http://journals.ametsoc.org/toc/bams/current
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Gaining a better understanding of the roles of the ocean, atmosphere, land, and ice in 
the climate system

NASA continues to provide specialized support for research to better understand the interactions of the oceans, atmo-
sphere, and ice in the Earth climate system. Recent efforts have focused on the integration of data acquired from 
satellites, aircraft, and ground networks into climate modeling at global and regional scales. Over the past year, these 
observations continue to show higher than climatologically normal surface temperatures, indicative of a warming climate.  

Monitoring global sea level and sea surface temperature trends and climate variability

For the past 18 years, the U.S.–French Jason-1, Jason-2, and Topex/Poseidon satellite missions have provided a long-
term time series of globally averaged mean sea level, revealing the overall trend to be increasing at 0.14 inches (3.4 
millimeters) per year. In addition, its interannual variability was closely correlated with the El Niño–Southern Oscilla-
tion phenomenon, which serves as a reminder that short-term variations (five years or less) do not necessarily signify 
changes in global warming. Rather, they can be attributed to changes in oceanic heat content, or more likely, to shifting 
patterns of precipitation over land and ocean.

Satellite sea surface temperature data for the past three decades reveal a record anomaly within a large mid-latitude 
region of the south-central Pacific during the mature phase of the 2009–2010 El Niño. The warming in this region was 
confined to the upper 162.5 feet (50 meters) of the ocean, and has been attributed to wind changes associated with an 
extreme and persistent anticyclone, with surface heat flux and ocean processes playing equally important roles. This 
anticyclone also diverted circumpolar westerlies and warm air toward Antarctica, producing three-decade high sea 
surface temperatures in the Bellingshausen Sea.

The global mean surface temperature was at a record level in 2010, despite a relatively cool equatorial Pacific region and 
unusually cool conditions over the eastern United States and Eurasia near the end of 2010. The year ended in a statisti-
cal tie with 2005 as the warmest year in the Goddard Institute for Space Studies (GISS) temperature record.

In late 2009 to early 2010, the Gravity Recovery and Climate Experiment (GRACE) pair of satellites observed a record 
increase in ocean bottom pressure over a large mid-latitude region of the southeast Pacific Ocean. This observation 
suggests that a similar, simultaneous signature in sea surface height, captured by satellite altimeters, was mainly due 
to mass convergence. Using scatterometer data and atmospheric reanalysis products, along with the GRACE and 
altimeter data, researchers determined that the joint signal was associated with a strong and persistent anticyclone in 
late 2009. This driving wind pattern was related to an unusual central Pacific El Niño event, one that is becoming more 
prevalent than the better-known eastern Pacific El Niño.

Shrinking ice leads to further surface warming

Satellite data during the past year continued to show a decline in Arctic sea ice cover, both in extent and thickness. 
The	minimum	extent	for	September	2011,	if	reached,	would	surpass	the	record	minimum	established	in	2007.	Data	has	
shown that thinning and receding Arctic sea ice increases the net ocean-atmosphere heat output and now is playing a 
role in increasing surface air temperatures in the Arctic. Vanishing sea ice has also been associated with an increase in 
cloudiness, which reduces the emission of long wave radiation from the Arctic, further increasing temperatures in the 
region. 

Various studies of the Greenland ice sheet highlight the profound ice loss that has occurred there since the 1990s, much 
of it through fast-flowing outlet glaciers. Furthermore, models suggest that Pine Island Glacier, in west Antarctica, is at 
risk of losing its ice shelf, which could lead to a dramatic increase in ice flow there. These changes, in all aspects of the 
cryosphere (the areas of Earth where water is in solid form such as sea ice, lake ice, snow, and glaciers), emphasize the 
need for continued monitoring and improved modeling.

Getting better data and advanced computing to the research community

Over the past year, NASA’s investments in both capacity and new capabilities in data processing have enabled scientists 
to transform the output from remote sensing and in-situ instruments into the scientific measurements needed to improve 
both understanding and predictive capability of the oceans, atmosphere and ice. These tools have accelerated the 
process of scientific discovery by permitting the research community to assimilate the large quantities of data obtained 
and have ensured the stewardship of that data over the long periods of time needed to understand the climate system’s 
behavior. Similarly, predictive and diagnostic modeling continues to make significant contributions to the understand-
ing of the Earth system. Facilitated by increases in supercomputing capabilities, NASA models were pushed to higher 

http://sealevel.jpl.nasa.gov/
http://www.giss.nasa.gov/
http://www.csr.utexas.edu/grace/
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resolutions. Higher resolution simulations show improved fidelity to observations. Significant improvements have been 
made in coupling regional and global climate models, developing tools that will improve understanding of regional cli-
mate change.

Understanding the dynamics of Earth’s surface and interior to enhance resilience and 
mitigation to natural hazards 

NASA begins building new, high-accuracy receivers

Following earlier investments, NASA initiated the development of a new Global Navigation Satellite System (GNSS) 
spaceborne receiver, the Tri-GNSS (Tri-G) during 2010. This receiver will replace the very successful BlackJack Global 
Positioning System (GPS) receiver. The prototype receiver will be available in 2013. GNSS receivers detect, decode, 
and process signals from the GNSS satellites (currently GPS and Global Navigation Satellite System (GLONASS) and, 
in the future, Galileo). High-accuracy measurements of the change in receiver locations over time allow researchers to 
study the motions of tectonic plates, displacements associated with earthquakes, and Earth orientation. The receiver 
also will provide the needed positioning and timing capability required for the missions recommended by the National 
Academies’ Earth science decadal survey. NASA’s Crustal Dynamics Data Information System (CDDIS) supports data 
archiving and distribution activities for the space geodesy and geodynamics community, including GNSS data.  

GRACE again detects crustal dilatation at a large subduction zone earthquake

Scientists have noted small but detectable changes in the Gravity Recovery and Climate Experiment (GRACE) satellites’ 
relative	trajectory	after	the	M8.8	Maule,	Chile,	earthquake	on	February	27,	2010,	that	can	be	used	to	delineate	the	shift	
in the gravity field. A gravity anomaly of −5 mGal with a spatial scale of 308 miles (500 kilometers) was found east of the 
epicenter after the earthquake. Based on coseismic models, the long wavelength negative gravity change is primarily 
the result of crustal dilatation as well as surface subsidence in the onland region. The offshore positive gravity anomaly 
predicted from finite fault coseismic models is considerably smaller because the gravity changes due to surface uplift 
and interior deformation are opposite in polarity. Research suggests a role for large-scale gravity observations in deci-
phering changes of Earth’s interior during great earthquakes by filling in the seldom-observed long wavelength spec-
trum of earthquake deformations as a complement to surface geodetic measurements and seismic data.

Providing natural hazard data quickly to help emergency response

The Advanced Rapid Imaging and Analysis (ARIA) Center is an emergency response project under development at the 
Jet Propulsion Laboratory and the California Institute of Technology. The ARIA Center plans to provide the infrastructure 
to generate imaging products, using NASA resources, in near real-time to aid the Nation in responding to natural disas-
ters like earthquakes, volcanic activity, and landslides.  

An initial effort, through a subproject called ARIA-EQ, has focused on responding to significant earthquakes and will 
provide a prototype near real-time global large earthquakes analysis system using a combination of seismological, 
geodetic, and tsunami observations. The March 11, 2011, Tohoku earthquake in Japan demonstrated the true potential 
of this team to generate rapid, accurate information based on seismic and geodetic information. The U.S. Geological 
Survey and other organizations used ARIA-EQ products to provide situational awareness for the event, as well as to 
identify neighboring zones of concern with respect to similar future earthquakes. ARIA data, along with other Earth 
observation data, of this event is available at the Tohoku Event Supersite. 

Using NASA information in decision-making activities for societal benefits.

Starting new projects

In FY 2011, the Applied Sciences Program awarded 35 new decision-support applications projects from an interagency 
solicitation focused on using Earth observations to help managers assess land-use vulnerability and craft practical 
strategies for land management in a changing climate (see the Research Opportunities in Space and Earth Sciences 
(ROSES)–2010 solicitation). 

The Applied Sciences Program initiated a new Air Quality Applied Sciences Team (AQAST) to assist state and Federal air 
quality agencies in using the latest scientific knowledge and remote sensing techniques. AQAST has the Earth science 
resources, from satellites and suborbital platforms, to carry out quick-turnaround research responding to urgent and 
evolving needs of air quality management. 

http://www.nap.edu/catalog.php?record_id=11820
http://cddis.nasa.gov/cddis.html
http://cddis.nasa.gov/gnss_summary.html
http://www.csr.utexas.edu/grace/
http://en.wikipedia.org/wiki/Gal_%28unit%29
http://www.jpl.nasa.gov/
http://www.caltech.edu/
http://www.usgs.gov/
http://www.usgs.gov/
http://supersites.earthobservations.org/sendai.php
http://science.nasa.gov/earth-science/applied-sciences/
http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId={9636473D-602B-F49F-ABDC-5A26F36D08CD}&path=open
http://nspires.nasaprs.com/external/solicitations/summary.do?method=init&solId={9636473D-602B-F49F-ABDC-5A26F36D08CD}&path=open
http://acmg.seas.harvard.edu/aqast/index.html
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A fiscal year of using NASA products for 
public benefit

NASA teamed with the U.S. Drought Monitor to incor-
porate drought indicators for soil moisture and ground-
water based on data from the GRACE satellite. Drought 
Monitor is a synthesis of multiple indices and impacts 
that represents a consensus of Federal and academic 
scientists. The Drought Monitor product is evolving 
and being refined over time to better reflect decision-
makers needs and to incorporate new data products. 
At an April 2011 Water Resources Workshop, the team 
delivered the first drought indicator products, meeting 
a major milestone in the project.  

In October 2010, the joint NASA–U.S. Agency for 
International Development (USAID) SERVIR Program 
launched a new, third hub to support the developing 
countries of the Hindu Kush–Himalayan region in envi-
ronmental management, disaster response, and public 
health. Approximately 1.3 billion people depend on the 
ecosystem services provided by the Himalayan moun-
tains, yet the region is known as Earth’s “third pole” 
because of its inaccessibility and the vast amount of water stored there in the form of ice and snow. SERVIR is inte-
grating Earth science data from NASA satellites with geospatial information products from other government agencies 
to support and expand SERVIR–Himalaya’s host institution’s focus on critical regional issues such as disaster man-
agement, biodiversity conservation, trans-boundary air pollution, snow and glacier monitoring, mountain ecosystem 
management, and climate change adaptation. During the Pakistan floods of late 2010, this new hub provided vital data 
products, helping aid agencies direct patients to alternate health care facilities not threatened by the floods. (Read more 
about the new SERVIR hub.)

SERVIR, which gets its name from the Spanish word meaning “to serve,” also has a hub located at the Water Center for 
the Humid Tropics of Latin America and the Caribbean (CATHALAC) in Panama and the Regional Center for Mapping 
of Resources for Development (RCMRD) in Kenya. During FY 2011, SERVIR–Mesoamerica aided the preparation and 
response to Tropical Storm Emily, which was the 50th extreme event it had aided in Latin America and the Caribbean 
since 2004. SERVIR–Mesoamerica also has developed a pilot project for the Geospatial Information System for Fire 
Management (SIGMA-I) in Guatemala to generate products that highlight the importance of systematic and informed 
planning for prevention and control of wildfires, which have been damaging wild areas and savannas. SERVIR–East 
Africa worked with 14 land managers from Kenya, Tanzania, Uganda, Rwanda, and Ethiopia to create wall-to-wall land 
cover maps for their respective countries. The SERVIR–Africa and the Kenya Meteorological Department are teaming to 
give decision-makers flood forecasts with longer lead-times (read more on this story). 

The DEVELOP Program, an internship program for young professionals to develop Earth science applications, set 
new	records	this	fiscal	year.	DEVELOP	received	716	student	nominations,	accepted	239	students	(33	percent	of	those	
nominated), and conducted 49 projects. The program amplified its outreach efforts by creating virtual project poster 
sessions—people online anywhere could experience the students’ project results and improve their own understand-
ing of NASA Earth science capabilities. In FY 2012, DEVELOP plans to establish new nodes in Missouri and Colorado, 
expanding the number of applications focused on the Midwest and Mountain West.  

In spring 2011, the Applied Sciences Pro-
gram’s Gulf of Mexico Initiative mapped the 
floodwaters of the lower Mississippi River. 
This included mapping the extent of flood-
ing of Louisiana’s Atchafalaya River Basin 
due to the opening of the Morganza spillway 
and tracking the plume of floodwaters from 
the Bonne Carré spillway through Lake Pon-
tchartrain and into the Gulf of Mexico. The 
Gulf of Mexico is a vital economic engine—

USAID Administrator Rajiv Shah, left, and NASA Administrator 
Charles Bolden shake hands after signing a five-year Memorandum 
of Understanding on April 25, 2011. The agreement formalizes ongo-
ing agency collaborations that use Earth science data to address 
developmental challenges and to assist in disaster mitigation and 
humanitarian responses. The agreement also encourages NASA and 
USAID to apply geospatial technologies to solve development chal-
lenges affecting the United States and developing countries. (Credit: 
NASA/P.E. Alers)

A National Space Science and 
Technology Center (NSSTC) 
senior research scientist from 
the University of Alabama in 
Huntsville trains three research-
ers from El Salvador to use 
SERVIR. (Credit: SERVIR)

http://droughtmonitor.unl.edu/
http://www.csr.utexas.edu/grace/
http://www.usaid.gov/
http://www.usaid.gov/
http://www.nasa.gov/mission_pages/servir/index.html
http://www.nasa.gov/mission_pages/servir/10-154.html
http://www.nasa.gov/mission_pages/servir/11-154.html
http://develop.larc.nasa.gov/
http://www.coastal.ssc.nasa.gov/
http://www.nsstc.org/info_tech/index.html
http://www.nsstc.org/info_tech/index.html
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providing over a billion pounds of fresh seafood every year, thriving shipping ports, and crude oil production—and thriv-
ing but sensitive ecological region in the United States. It is vulnerable to both natural and human-made impacts. The 
program created the Gulf of Mexico Initiative to address coastal management issues using Earth Science’s products.

Planning for the future

The Applied Sciences Program pursued efforts to engage the applications community in early stage planning for 
upcoming satellite missions. The program held an event for end users from the private sector and government focused 
on environmental conservation to discuss future data needs for applications and to examine potential applications of 
eight upcoming NASA Earth observing satellites. Key issues for the users were improving higher-level data products, 
increasing the ease of integration into decision support systems, data accuracy, and visualizations.  

Outcome 2.1
Advance Earth system science to meet the challenges of climate and environment change.

FY 2011 Performance Goal  FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding and improving predictive capa-
bility for changes in the ozone layer, climate forcing, and air quality associated 
with changes in atmospheric composition. Progress relative to the objectives in 
NASA’s 2010 Science Plan will be evaluated by external expert review.

7ESS1
Green

8ES01
Green

9ES1
Green

10ES01
Green

ES-11-1
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least two missions in support of this objective. 2.1.1.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Aquarius Launch Readiness Review.
None

8ES10
Yellow

9ES4
Green

10ES02
Yellow

ES-11-2
Green

Initiate the Orbiting Carbon Observatory-2 (OCO-2) Instrument and Spacecraft 
System-Level Testing.

7ESS6
Yellow

8ES04
Yellow

9ES2
Green

10ES22
Green

ES-11-3
Yellow

Why NASA rated APG ES-11-3 Yellow: The OCO-2 instrument system-level testing was scheduled to begin in August 2011, but has been 
delayed to October due to technical issues. Technical issues included a coating adhesion issue on multiple parts that was introduced by 
contamination during the vendor’s process, and a misalignment along an optical path on the instrument, which was seen during vibration 
testing and could impact performance. Additionally, the spacecraft-level system testing is scheduled to begin in December 2011, due to 
late deliverables from subsystem vendors. At this time, the overall delivery of the spacecraft remains unchanged for March 2012, but the 
instrument delivery has been delayed by one month to April 2012, and NASA continues to work with its vendors to address these issues and 
prevent further delays. (See page 177 for the Performance Improvement Plan.)

Release Earth Venture 2 (EV-2) Announcement of Opportunity.
None None None None

ES-11-4
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in enabling improved predictive capability for 
weather and extreme weather events. Progress relative to the objectives in 
NASA’s 2010 Science Plan will be evaluated by external expert review.

7ESS2
Green

8ES02
Green

9ES7
Green

10ES04
Green

ES-11-5
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least two missions in support of this objective. 2.1.2.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the Global Precipitation Mission (GPM) Systems Integration Review.
None

8ES06
Yellow

9ES8
Yellow

10ES06
Green

ES-11-6
Yellow

Why NASA rated APG ES-11-6 Yellow: Both the NASA spacecraft and instrument developments are experiencing challenges in subsystem 
deliveries. These development challenges are resulting from various issues including defects discovered in flight parts, component manufac-
turing throughput issues and workmanship issues at supply vendors. In addition, the delivery of the JAXA (Japanese space agency)-provided 
Dual Precipitation Radar (DPR) instrument has been delayed due to disruptions at, and damage to, the test facility resulting from the March 
2011 earthquake. Technical issues with the DPR were also identified during environmental testing.  It is currently estimated that these chal-
lenges will result in a launch readiness delay of eleven months, from July 2013 to June 2014. (See page 178 for the Performance Improve-
ment Plan.)

http://science.nasa.gov/earth-science/
http://science.nasa.gov/earth-science/applied-sciences/


Strategic Goal 2

74 Detailed Performance

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in quantifying, understanding and predicting 
changes in Earth’s ecosystems and biogeochemical cycles, including the global 
carbon cycle, land cover, and biodiversity. Progress relative to the objectives in 
NASA’s 2010 Science Plan will be evaluated by external expert review.

7ESS3
Green

8ES03
Green

9ES10
Green

10ES07
Green

ES-11-7
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least two missions in support of this objective. 2.1.3.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Landsat Data Continuity Mission (LDCM) Mission Operations 
Review. None None

9ES11
Green

10ES08
Green

ES-11-8
Green

Initiate the Orbiting Carbon Observatory-2 (OCO-2) Instrument and Spacecraft 
System-Level Testing.

7ESS6
Yellow

8ES04
Yellow

9ES2
Green

10ES22
Green

ES-11-3
Yellow

Why NASA rated APG ES-11-3 Yellow: The OCO-2 instrument system-level testing was scheduled to begin in August 2011, but has been 
delayed to October due to technical issues. Technical issues included a coating adhesion issue on multiple parts that was introduced by 
contamination during the vendor’s process, and a misalignment along an optical path on the instrument, which was seen during vibration 
testing and could impact performance. Additionally, the spacecraft-level system testing is scheduled to begin in December 2011, due to 
late deliverables from subsystem vendors. At this time, the overall delivery of the spacecraft remains unchanged for March 2012, but the 
instrument delivery has been delayed by one month to April 2012, and NASA continues to work with its vendors to address these issues and 
prevent further delays. (See page 177 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.4.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in quantifying the key reservoirs and fluxes in the 
global water cycle and assessing water cycle change and water quality. Progress 
relative to the objectives in NASA’s 2010 Science Plan will be evaluated by exter-
nal expert review.

7ESS5
Green

8ES05
Green

9ES13
Green

10ES09
Green

ES-11-9
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least two missions in support of this objective. 2.1.4.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Soil Moisture Active-Passive (SMAP) Confirmation Review.
None None

9ES14
Green

10ES10
Yellow

ES-11-10
Yellow

Why NASA rated APG ES-11-10: The SMAP Confirmation Review was delayed to FY 2012 because of difficulties in identifying an accept-
able launch vehicle for the mission. NASA’s Earth Science program has been impacted by the current limited availability of launch vehicles in 
the medium size range that is appropriate for most of its missions. (See page 178 for the Performance Improvement Plan.)

Initiate the Orbiting Carbon Observatory-2 (OCO-2) Instrument and Spacecraft 
System-Level Testing.

7ESS6
Yellow

8ES04
Yellow

9ES2
Green

10ES22
Green

ES-11-3
Yellow

Why NASA rated APG ES-11-3 Yellow: The OCO-2 instrument system-level testing was scheduled to begin in August 2011, but has been 
delayed to October due to technical issues. Technical issues included a coating adhesion issue on multiple parts that was introduced by 
contamination during the vendor’s process, and a misalignment along an optical path on the instrument, which was seen during vibration 
testing and could impact performance. Additionally, the spacecraft-level system testing is scheduled to begin in December 2011, due to 
late deliverables from subsystem vendors. At this time, the overall delivery of the spacecraft remains unchanged for March 2012, but the 
instrument delivery has been delayed by one month to April 2012, and NASA continues to work with its vendors to address these issues and 
prevent further delays. (See page 177 for the Performance Improvement Plan.)

Complete the Global Precipitation Mission (GPM) Systems Integration Review.
None

8ES06
Yellow

9ES8
Yellow

10ES06
Green

ES-11-6
Yellow

Why NASA rated APG ES-11-6 Yellow: Both the NASA spacecraft and instrument developments are experiencing challenges in subsystem 
deliveries. These development challenges are resulting from various issues including defects discovered in flight parts, component manufac-
turing throughput issues and workmanship issues at supply vendors. In addition, the delivery of the JAXA (Japanese space agency)-provided 
Dual Precipitation Radar (DPR) instrument has been delayed due to disruptions at, and damage to, the test facility resulting from the March 
2011 earthquake. Technical issues with the DPR were also identified during environmental testing.  It is currently estimated that these chal-
lenges will result in a launch readiness delay of eleven months, from July 2013 to June 2014. (See page 178 for the Performance Improve-
ment Plan.)
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FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.5.1
Green

FY 2011 Annual Performance Goal FY 07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the roles of ocean, atmosphere, 
land, and ice in the climate system and improving predictive capability for future 
evolution. Progress relative to the objectives in NASA’s 2010 Science Plan will be 
evaluated by external expert review.

7ESS7
Green

8ES07
Green

9ES15
Green

10ES11 
Green

ES-11-11
Green

FY 2011 Performance Goal FY 2011

HPPG: In support of studying Earth from space, NASA will make significant progress towards completion of the integration, 
test, launch, validation, and initiation of early on-orbit operations of the Glory and NPOESS Preparatory Project (NPP) missions 
prior to the end of fiscal year 2011.

2.1.5.2
Red

Why NASA rated Performance Goal 2.1.5.2 Red: This high priority performance goal was not met, due to the loss of the Glory mission 
when the fairing from the Taurus XL launch vehicle failed to separate from the rocket. The National Polar-orbiting Operational Environmental 
Satellite System (NPOESS) Preparatory Project (NPP) mission was successfully launched on October 28, 2011. (See page 164 for the Perfor-
mance Improvement Plan.)

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the National Polar-orbiting Operational Environmental Satellite System 
(NPOESS) Preparatory Project (NPP) Mission Readiness Review. None None None None

ES-11-12
Green

Complete the Glory Launch Readiness Review. 7ES8
Yellow

8ES09
Yellow

9ES3
Red

10ES21
Yellow

ES-11-13
Red

Why NASA Rated APG ES-11-13 Red: The Glory Launch Readiness Review was completed on February 21, 2011, with a second review 
completed on March 2, 2011. The spacecraft and instruments were checked out and prepared to successfully begin their mission. However, 
the Glory mission, which was launched from Vandenberg Air Force Base on March 4, 2011, did not reach orbit due to a mishap with the 
launch vehicle. Initial evidence suggests that the fairing, which protects the spacecraft during takeoff atop the Taurus XL launch vehicle, did 
not separate as required, when it reached the appropriate altitude. (See page 164 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

By 2015 launch at least three missions in support of this objective. 2.1.5.3
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the ICESat-2 Spacecraft System Requirements Review.
None None

9ES16
Yellow

10ES12
Green

ES-11-14
Yellow

Why NASA rated APG ES-11-14 Yellow:  The date for the ICESat-2 Systems Requirements Review, has been delayed to December 2011. 
This review was rescheduled from March 2011 to revisit the mission design and requirements to align with the estimated available budget, 
moving forward. (See page 179 for the Performance Improvement Plan.)

Initiate the Orbiting Carbon Observatory-2 (OCO-2) Instrument and Spacecraft 
System-Level Testing.

7ESS6
Yellow

7ES04
Yellow

9ES2 
Green

10ES22
Green

ES-11-3
Yellow

Why NASA rated APG ES-11-3 Yellow: The OCO-2 instrument system-level testing was scheduled to begin in August 2011, but has been 
delayed to October due to technical issues. Technical issues included a coating adhesion issue on multiple parts that was introduced by 
contamination during the vendor’s process, and a misalignment along an optical path on the instrument, which was seen during vibration 
testing and could impact performance. Additionally, the spacecraft-level system testing is scheduled to begin in December 2011, due to 
late deliverables from subsystem vendors. At this time, the overall delivery of the spacecraft remains unchanged for March 2012, but the 
instrument delivery has been delayed by one month to April 2012, and NASA continues to work with its vendors to address these issues and 
prevent further delays. (See page 177 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.6.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in characterizing the dynamics of Earth's surface 
and interior and forming the scientific basis for the assessment and mitigation 
of natural hazards and response to rare and extreme events. Progress relative to 
the objectives in NASA's 2010 Science Plan will be evaluated by external expert 
review.

7ESS10
Green

8ES11
Green

9ES17
Green

10ES13
Green

ES-11-15
Green

FY 2011 Performance Goal FY 2011

By 2015 launch at least one mission in support of this objective. 2.1.6.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the Landsat Data Continuity Mission (LDCM) Mission Operations 
Review. None None

9ES11
Green

10ES08
Green

ES-11-8
Green
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FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.1.7.1
Green

FY 2011 Annual Performance Goals FY 07 FY08 FY09 FY10 FY 2011

Conduct impact analyses of two projects that apply NASA Earth science research 
to support decision making activities.

7ESS11
Green

8ES012
Green

9ES18
Green

10ES14 
Green

ES-11-16
Green

Increase the number of science data products delivered to Earth Observing Sys-
tem Data and Information System (EOSDIS) users. None

8ES13
Green

9ES19
Green

10ES15
Green

ES-11-17
Green

Maintain a high level of customer satisfaction, as measured by exceeding the 
most recently available federal government average rating of the Customer Satis-
faction Index.

None
8ES13
Green

9ES20
Green

10ES16
Green

ES-11-18
Green

Uniform and Efficiency Measures

FY07 FY08 FY09 FY10 FY 2011

Complete all development projects within 110 percent of the cost and schedule 
baseline.

7ESS21
Yellow

8ES15
Yellow

9ES21
Red

10ES17
Red

ES-11-19
Red

Why NASA rated APG ES-11-19 Red: This annual performance goal was not met, due to cost and schedule growth that exceeded 10 
percent of their estimated baseline for the NPOESS Preparatory Project (NPP), Glory and Aquarius missions. The NPP mission experienced 
delays due to the restructure of the project management and on-going development issues with an instrument, contributed by one of NASA’s 
partners. The Aquarius mission was delayed by NASA’s international partner, after the successful delivery of NASA’s instrument contribu-
tion. The Glory mission had both instrument and spacecraft technical issues, across its development. (See page 176 for the Performance 
Improvement Plan.)

Deliver at least 90 percent of scheduled operating hours for all operations and 
research facilities.

7ESS22
Green

8ES16
Yellow

9ES22
Green

10ES18
Green

ES-11-20
Green

Peer-review and competitively award at least 90 percent, by budget, of research 
projects.

7ESS23
Green

8ES17
Green

9ES23
Green

10ES19
Green

ES-11-21
Green

Reduce time within which 80 percent of NASA Research Announcement (NRA) 
research grants are awarded, from proposal due date to selection, by four percent 
per year, with a goal of 180 days.

7ESS24
Red

8ES18
Green

9ES24
Red

10ES20
Yellow

ES-11-22
Yellow

Why NASA rated APG ES-11-22 Yellow: This annual performance target was not met, for the time to complete its grant proposal evaluation 
and selection process, by the Earth Science Division, within the Science Mission Directorate. The targeted amount of time was missed by 33 
days, approximately 16 percent of the planned time. The time to award was impacted by the year-long Continuing Resolution, on the order of 
a 50 day delay, on average, across the Science Mission Directorate. (See page 172 for the Performance Improvement Plan.)
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Outcome 2.2
Understand the Sun and its interactions with Earth and the solar system.

Billions of years ago, at the core of the Sun, a nuclear furnace ignited. 
The energy the Sun provides, radiated almost constantly from its 
visible surface, is the basis of all advanced life on Earth. The Sun is 
a variable star, and its waxing and waning magnetic activity is the 
driver of space weather at Earth and across the solar system. Earth 
and the other planets reside in the extended atmosphere of the 
Sun. This extended atmosphere, called the heliosphere, comprises 
a plasma “soup” of electrified and magnetized matter entwined with 
penetrating radiation and energetic particles.  

Heliophysics conducts missions that study the Sun, heliosphere, 
and planetary atmospheres as a single interconnected system. By 
analyzing these interconnections, scientists uncover fundamen-
tal physical processes that occur throughout the universe. These 
missions also improve capabilities for predicting the impacts of 
solar variability on human technological systems and safeguarding 
human and robotic space explorers outside the protective cocoon 
of Earth’s atmosphere.

NASA’s research in heliophysics has improved the understanding 
of space weather. NASA partners with the National Oceanic and 
Atmospheric Administration (NOAA) to serve the Nation’s need for 
reliable space weather information. NASA spacecraft, equipped 
with space weather beacons, provide real-time data to NOAA 
space weather forecasters. NASA cooperates with other agencies 
to enable new knowledge in this area and to measure conditions in 
space critical to both operations and scientific research.

NASA’s work to understand the causes and consequences of 
both short- and long-term changes in upper atmospheric density 
is important to satellite operators because atmospheric drag of these outermost layers significantly affects a satellite’s 
orbit. Sudden increases in this density can cause satellite orbits to drop unexpectedly, making them difficult to track. 
Understanding the relative contribution of the Sun and other drivers on the upper atmosphere will improve predictions 
of densities and temperatures that are critical to plan satellite lifetime and the time for replacement. The unprecedented 
low values seen in conjunction with lowest sunspot counts of 2009 had an effect much greater than anticipated and 
scientists are working hard to understand both the processes involved and their consequences for space operations, 
forecasting orbital tracks, and predicting the orbital lifetime and decay of both satellites and space debris. 

Heliophysics completed three important mission milestones in FY 2011: 

•	 The	Science	Mission	Directorate	(SMD)	completed	the	Preliminary	Design	Review	(PDR)	for	the	Magnetospheric 
Multiscale’s (MMS’) mission operations center and science operations center on June 9, 2011. The PDR ensured 
that the designs and systems selected for the centers were appropriate to mission needs, the risks had been 
assessed, and the estimated cost and schedule baselines were acceptable. MMS will use Earth’s magnetosphere 
as a laboratory to study magnetic reconnection, a fundamental plasma-physical process that taps the energy stored 
in a magnetic field and converts it into heat and kinetic energy in the form of charged particle acceleration and large-
scale flows of matter.

•	 A	 review	 team	completed	 the	Systems	 Integration	Review	 (SIR)	 for	 the	Radiation Belt Storm Probes (RBSP) on 
October 14, 2010. The SIR determined that all of RBSP’s systems were working together and were ready to be 
integrated into the spacecraft bus for testing. RBSP will help scientists better understand the Sun’s influence on 
Earth and near-Earth space by studying the planet’s radiation belts on various scales of space and time.

Sunspots, which are cooler, darker areas of intense 
magnetic activity, are most often the source of 
solar storms. On July 17 and 18, 2011, scientists 
using the Solar Dynamics Observatory (SDO) took 
observations of the Sun’s lower atmosphere in 
extreme ultraviolet light and of the surface in fil-
tered light to see the correlation of the sunspots to 
the brighter active regions above the surface. The 
loops above the sunspot regions reveal magnetic 
field lines pushing out from the Sun. View digital 
movies of this image. (Credit: SDO)

http://science.nasa.gov/heliophysics/
http://www.noaa.gov/
http://www.noaa.gov/
http://mms.gsfc.nasa.gov/
http://mms.gsfc.nasa.gov/
http://rbsp.jhuapl.edu/
http://www.nasa.gov/mission_pages/sdo/main/index.html
http://www.youtube.com/watch?v=IpOHzNXuAxg
http://www.youtube.com/watch?v=IpOHzNXuAxg
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•	 The	Interface Region Imaging Spectrograph (IRIS) mission completed its Critical Design Review (CDR) in February 
2011, giving the project permission to begin final design and fabrication prior to the start of integration and testing. 
IRIS will resolve a fundamental challenge in heliophysics science by observing the Sun’s chromosphere (the thin 
outer layer of gas) and transition region to understand how energy and plasma is transferred from the Sun into the 
solar wind.

Gaining a better understanding of fundamental physical processes of the space 
environment

New SDO observations yield vital clues about dynamic coronal heating  

The plasma in the Sun’s outer atmosphere (the corona) is mysteriously heated to millions of degrees, considerably hotter 
than the solar surface, or photosphere. Recent observations with NASA’s Solar Dynamics Observatory (SDO) and a 
NASA instrument onboard the Japanese Hinode satellite have revealed how cool gas in the solar atmosphere is trans-
ferred into the corona while being heated to temperatures of millions of degrees, a pre-requisite for the formation of the 
solar wind. NASA is conducting this work as part of its objective to better understand fundamental physical processes 
of the space environment.

Cool gas in fountain-like jets, called spicules, are violently accelerated upward into the corona, with a small but significant 
fraction of the mass heated to much higher coronal temperatures. These results indicate that the Sun’s chromosphere 
and corona are more tightly and dynamically coupled (transferring energetic particles between the two) than previously 
suspected. In fact, the corona itself may be populated and powered largely, if not entirely, by such energetic expulsions 
from the denser, cooler layers below. The physical process generally thought to drive these spicules is ultimately mag-
netic reconnection, a fundamental cause of magnetic energy release and reconfiguration throughout the heliosphere. 
Reconnection also is a prime suspect in triggering coronal mass ejections and heating their entrained plasma. (Read 
more about this story.)

Identifying the driver of pulsating aurorae  

Typical aurorae stretch more than 600 miles in length and last minutes at a time. Pulsating aurorae are small glowing 
patches of light only about 60 miles wide that flash on and off every 5 to 40 seconds. This flickering gives the appear-
ance of exploding lights in the sky. Determining the cause of these pulsations has been a longstanding goal for over four 
decades.  Using simultaneous aurora and spacecraft plasma wave observations, NASA’s Time History of Events and 
Macroscale Interactions during Substorms (THEMIS) mission has solved the mystery. When solar wind strikes Earth’s 

Spicules on the Sun jet off the 
surface of the Sun at 150,000 
miles per hour. Research result-
ing from Hinode and SDO obser-
vations suggests that the spicules 
contain the gas that reaches tem-
peratures over a million degrees, 
as observed in the solar corona. 
This composite SDO image, taken 
in various ultraviolet wavelengths, 
highlights resulting temperature 
differences in the million-degree 
corona. (Credit: NASA Goddard/
SDO/AIA)

http://science.nasa.gov/missions/iris/
http://www.nasa.gov/mission_pages/sdo/main/index.html
http://www.nasa.gov/mission_pages/hinode/index.html
http://www.nasa.gov/mission_pages/sdo/news/news20110106-spicules.html
http://www.nasa.gov/mission_pages/sdo/news/news20110106-spicules.html
http://www.nasa.gov/mission_pages/themis/main/index.html
http://www.nasa.gov/mission_pages/themis/main/index.html
http://www.nasa.gov/mission_pages/hinode/index.html
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magnetic field, the wind induces electromagnetic waves in the near-space environment. A particular type of these 
waves, chorus, is able to interact with electrons in Earth’s magnetic field, sending them downwards into the atmosphere 
and creating the pulsating aurora’s light show much in the same way that a cathode ray tube creates images on the 
screens of older model televisions. NASA’s THEMIS team discovered that these chorus waves appear at regular inter-
vals in the same locations as the patches of light; the stronger the waves, the brighter the light.  The data from THEMIS 
is helping NASA achieve its objective of improving understanding of the fundamental physical processes of the space 
environment from the Sun to Earth.

Observations of the lunar wake: refilling one of nature’s natural vacuums

Heliophysics	redirected	two	small	satellites,	originally	launched	into	Earth	orbit	in	2007,	into	new	orbits	around	the	Moon	
to study the Moon’s interactions with the solar wind. Both spacecraft were previously in an area called the Lagrangian 
points, or points on either side of the Moon where the Moon and Earth’s gravity balance. This location is ideal for study-
ing magnetism near the moon and how the solar wind—made up of ionized gas known as plasma—flows past the Moon 
and tries to fill in the vacuum on the other side.

The two spacecraft, together renamed the Acceleration, Reconnection, Turbulence and Electrodynamics of the Moon’s 
Interaction with the Sun (ARTEMIS) mission, have been making detailed observations of the Moon’s plasma wake—a 
turbulent cavity carved out of the solar wind by the Moon itself, akin to the wake behind a speedboat. The Moon essen-
tially is a non-magnetic, non-conducting obstacle in space that has no ionosphere. Solar wind plasma is absorbed 
on the Moon’s dayside, leaving a plasma void on the night side. ARTEMIS scientists have discovered particle beams 
entering and refilling the lunar wake, along with plasma waves that occur in conjunction with these beams. This work will 
allow scientists to determine how the solar wind electrifies, alters, and erodes the surface of similar bodies in the solar 
system. (Read more about this story.)

Space Shuttle plume motion demonstrates presence of unexpectedly high winds in the upper 
atmosphere

Space Shuttle and rocket launches burn many metric tons of liquid oxygen and liquid hydrogen as they ascend to orbit, 
generating extensive water vapor plumes in the upper atmosphere. The plumes can survive for several days and provide 
an important opportunity to trace upper atmospheric wind dynamics.  

NASA’s Thermosphere Ionosphere Mesosphere Energetics and Dynamics (TIMED) spacecraft recently documented the 
path of a Space Shuttle plume and observed unexpectedly intense and long-lasting upper atmospheric winds propelling 
the plume southward to the Antarctic peninsula. While the speed and scale of the movement was entirely unanticipated, 
the dynamics could be reproduced in models of the upper atmosphere. Scientists hypothesize that large-scale waves 
in atmospheric density and temperature are able to produce the measured wind speeds of nearly 80 miles per second. 
Such studies are important to understand the processes controlling the terrestrial upper atmosphere and provide an 
explanation for the relatively common occurrence of extreme winds in Earth’s lower thermosphere, the second to last 
layer of Earth’s atmosphere, where auroras occur and the International Space Station orbits.

Understanding how solar variability affects society, technology, and the habitability of 
other planets

New understanding of how radiation belt electrons are accelerated to their high energies 

The Van Allen Radiation Belts (volumes of energetic charged particles, or plasma, held in pace by Earth’s magnetic 
field) are the most extreme radiation environment encountered by Earth-orbiting satellites. High-energy electrons in the 
outer radiation belt wreak havoc on satellite electronics, but just how these electrons are energized has been unclear.  
New NASA-funded studies using wave and particle measurements by the European Space Agency’s Cluster mission 
have shed light on the initiation of this process: plasma waves generated by low-energy plasma in turn accelerate the 
relativistic electrons.

NASA’s Wind spacecraft measurements have made the first detailed measurements of the acceleration process in the 
solar wind. Studying Wind observations provided the rare opportunity to examine this chain of physics in action, thus 
answering how waves are excited and can ultimately accelerate electrons to the relativistic energies such as observed in 
the radiation belts. The Radiation Belt Solar Probe (RBSP) mission, scheduled for launch in 2012, will provide the defini-
tive measurements to understand radiation belt generation and degradation. Its data will help NASA achieve its objec-
tives of better understanding the fundamental physical processes of the space environment and better understanding 
of human society and how life on Earth is affected by solar events.

http://www.nasa.gov/mission_pages/artemis/
http://www.nasa.gov/mission_pages/artemis/
http://www.nasa.gov/centers/goddard/news/releases/2011/11-042.html
http://www.timed.jhuapl.edu/WWW/index.php
http://www.nasa.gov/mission_pages/station/main/index.html
http://science.nasa.gov/missions/cluster/
http://pwg.gsfc.nasa.gov/wind.shtml
http://rbsp.jhuapl.edu/
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Discoveries at the edge of 
the solar system

After 33 years of travel and trav-
eling nearly one-million miles per 
day, the Voyager-1 spacecraft has 
reached the outermost region of 
the heliosphere where the out-
ward speed of the solar wind has 
slowed to zero. This indicates that 
the last boundary before enter-
ing interstellar space, the helio-
pause, is nearby. Scientists have 
used measurements taken by 
Voyager-1 and its sister ship, Voy-
ager-2, as they travel through the 
so-called heliosheath with theo-
retical modeling to create a com-
pletely new picture of this region, 
characterized as a “frothy mix” of 
magnetic bubbles produced by 
reconnection among  the weak 
tendrils of the solar magnetic field. 
(More on the Voyagers’ findings.)

Whereas the two Voyager space-
craft delivered two in-situ point 
measurements of the heliosheath, 
NASA’s Interstellar Boundary 
Explorer (IBEX) simultaneously 
produced a global picture from a 
near-Earth orbit, through images produced by energetic neutral atoms. Energetic neutral atoms of hydrogen are cre-
ated where the solar wind interacts with the interstellar medium, both inside and beyond the heliosphere. Together, 
the Voyager and IBEX discoveries are stimulating a new quantitative understanding of how the heliosphere couples to 
interstellar space and the consequences of that interaction for the space ionizing radiation environment at Earth and 
elsewhere in the solar system. (More on IBEX’s finds at the solar boundary.)

Earth’s near space environment is never truly quiescent

Though the last solar minimum was the quietest of the space age, there was still substantial activity in Earth’s near 
space environment. This activity differed in significant ways, however, from the activity associated with solar maximum 
conditions. Unlike solar maximum storms, which are driven largely by coronal mass ejections, during solar minimum 
corotating interaction regions (CIRs), high-speed streams in the solar wind that recur each solar rotation, are the primary 
contributor to the recurrent geomagnetic activity at Earth. Even during the calmest of solar conditions, these CIRs can 
drive substantial density changes in the upper atmosphere. Observations from the German Challenging Mini-Satellite 
Payload (CHAMP) satellite have shown that the thermosphere density responds to high-speed streams globally, and 
the density at 249 mile (400 kilometer) altitude changes by 75 percent on average. CIRs also can trigger substorms and 
particle acceleration in geospace, changing the configuration of the inner magnetospheric ring current. The Two Wide-
angle Imaging Neutral-atom Spectrometers (TWINS) observations of numerous solar minimum CIR-driven storms have 
shown some significant and interesting differences from coronal mass ejection-driven storms and demonstrated that 
during the post-storm recovery, the global ring current energy density falls much more rapidly than would be expected 
based on ground-based magnetometer measurements.

Improved space weather prediction—from a phone

A few hours before a gigantic bubble of electrified gas and charged particles erupted from the Sun, NASA officially 
released the new Space Weather App, making images and other data almost immediately available to users. 

In the old view of the heliosheath represented on the left, red and blue spirals 
represent the gracefully curving magnetic field lines. The new model (right) 
shows that because the Sun spins, its magnetic field becomes twisted and 
wrinkled. Far away from the Sun, where the Voyagers are now, the folds bunch 
up. When a magnetic field gets severely folded, lines of magnetic force criss-
cross, and “reconnect.” (Magnetic reconnection is the same energetic process 
underlying solar flares.) The crowded folds reorganize themselves, sometimes 
explosively, into foamy magnetic bubbles, shown in the inset. (Credit: NASA)

http://voyager.jpl.nasa.gov/
http://www.nasa.gov/mission_pages/voyager/heliosphere-surprise.html
http://www.nasa.gov/mission_pages/ibex/index.html
http://www.nasa.gov/mission_pages/ibex/index.html
http://www.nasa.gov/mission_pages/ibex/news/solar-boundary.html
http://ilrs.gsfc.nasa.gov/satellite_missions/list_of_satellites/cham_general.html
http://ilrs.gsfc.nasa.gov/satellite_missions/list_of_satellites/cham_general.html
http://twins.swri.edu/index.jsp
http://twins.swri.edu/index.jsp
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A fast-moving mass ejection from the Sun raced through space at 
1,242 miles per second, and while it did not strike Earth directly, the 
eruption did trigger a run at the iTunes store. Within just a couple of 
days, 1,500 users had already downloaded the application, making 
it one of the store’s 20 most popular in the weather category. (Read 
more about the Space Weather App.)

First-ever images of the entire Sun reveal that activity 
can involve much more than is visible from Earth 

On February 6, NASA’s twin STEREO spacecraft moved into posi-
tion on opposite sides of the Sun. They are now beaming down 
images which, combined with those from the Earth-orbiting SDO, 
show the entire solar sphere—front and back—without interrup-
tions. This unprecedented view has revealed connections previ-
ously unseen and helping NASA researchers better predict extreme 
and dynamic conditions in space. 

Researchers long suspected that solar activity can “go global,” with 
eruptions on opposite sides of the Sun triggering and feeding off 
of one another. Now they have actually studied the phenomenon. 
The Great Eruption of August 2010 engulfed about two thirds of 
the solar surface with dozens of mutually interacting flares, shock 
waves, and reverberating filaments. Much of the action was visible from Earth’s perspective, including SDO, but some 
was hidden behind the limb (where the curve of Earth meets the blackness of space) and only visible to the STEREO 
spacecraft looking at the Sun from different angles.

Studies of these coupled phenomena provide warnings of solar active regions producing flares, coronal mass ejections, 
and energetic particles before they are visible from Earth. The global solar view also yields space weather situational 
awareness throughout the solar system. For example, STEREO observations from the far side of the Sun provided warn-
ing of a coronal mass ejection that struck NASA’s MESSENGER spacecraft a glancing blow as it was being inserted 
into orbit around the planet Mercury. 

Space Weather Shock Forecasts

In partnership with NOAA, NASA has developed a computer program to provide near real-time identification of inter-
planetary shocks waves created by coronal mass ejections from the Sun. Interplanetary shocks are known to be major 
drivers of geomagnetic storms. The new computer program automatically searches magnetic field and solar wind data 
from NASA’s Advanced Composition Explorer (ACE) to provide advanced warning for the arrival of interplanetary shocks 
at Earth. In some cases, the shock conditions can be identified within ten minutes after the solar wind plasma impacts 
the ACE spacecraft, which is located upstream of the solar wind between the Sun and Earth. As a result of this improved 
shock detection method, space weather forecasters can now better utilize the 15 to 45 minutes of advance warning 
prior to the shock’s collision with Earth’s magnetopause. This work provides a significant improvement from previous 
forecast models.

Outcome 2.2
Understand the Sun and its interactions with Earth and the solar system.

 FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.2.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the fundamental physical 
processes of the space environment from the Sun to Earth, to other planets, and 
beyond to the interstellar medium. Progress relative to the objectives in NASA’s 
2010 Science Plan will be evaluated by external expert review.

7ESS13
Green

8HE01
Green

9HE1
Green

10HE01
Green

HE-11-1
Green

This image, taken February 2, 2011, of the far side of 
the Sun based on STEREO data, still shows a small 
gap between the STEREO Ahead and Behind data. On 
February 6, the spacecraft achieved 180-degree sepa-
ration, closing the gap. (Credit: NASA)

http://www.nasa.gov/mission_pages/sunearth/news/spaceweather-app.html
http://www.nasa.gov/mission_pages/sunearth/news/spaceweather-app.html
http://www.nasa.gov/mission_pages/stereo/main/index.html
http://science.nasa.gov/science-news/science-at-nasa/2010/13dec_globaleruption/
http://www.nasa.gov/mission_pages/messenger/main/index.html
http://www.srl.caltech.edu/ACE/
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FY 2011 Performance Goal FY 2011

By 2015, launch two missions in support of this outcome. 2.2.1.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Magnetospheric MultiScale (MMS) Mission Operations Center and 
Science Operations Center Preliminary Design Review.

7ESS15
Red

8HE02
Green

9HE2
Green

10HE02
Green

HE-11-2
Green

Complete the Geospace Radiation Belt Storm Probes Systems Integration Review. 7ESS16
Green

8HE04
Green

9HE3
Green

10HE03
Green

HE-11-3
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.2.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding how human society, technological 
systems, and the habitability of planets are affected by solar variability interacting 
with planetary magnetic fields and atmospheres. Progress relative to the objectives 
in NASA’s 2010 Science Plan will be evaluated by external expert review.

7ESS19
Green

8HE03
Green

9HE6
Green

10HE06
Green

HE-11-4
Green

FY 2011 Performance Goal FY 2011

By 2015, launch two missions in support of this outcome. 2.2.2.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Magnetospheric MultiScale (MMS) Mission Operations Center and 
Science Operations Center Preliminary Design Review.

7ESS15
Red

8HE02
Green

9HE2
Green

10HE02
Green

HE-11-2
Green

Complete the Geospace Radiation Belt Storm Probes Systems Integration Review. 7ESS16
Green

8HE04
Green

9HE3
Green

10HE03
Green

HE-11-3
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.2.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in maximizing the safety and productivity of human 
and robotic explorers by developing the capability to predict the extreme and 
dynamic conditions in space. Progress relative to the objectives in NASA's 2010 
Science Plan will be evaluated by external expert review.

7ESS20
Green

8HE05
Green

9HE8
Green

10HE08
Green

HE-11-5
Green

FY 2011 Performance Goal FY 2011

By 2017, launch at least two missions in support of this outcome. 2.2.3.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the Geospace Radiation Belt Storm Probes Systems Integration Review. 7ESS16
Green

8HE04
Green

9HE3
Green

10HE03
Green

HE-11-3
Green

Uniform and Efficiency Measures

FY07 FY08 FY09 FY10 FY 2011

Complete all development projects within 110 percent of the cost and schedule 
baseline.

7ESS21
Yellow

8HE07
Red

9HE10 
Yellow

10HE09
Red

HE-11-6
White

Why NASA rated APG HE-11-6 White:  The metric indicates the final development costs, once a mission launches, but there were no 
planned launches for FY 2011 in Heliophysics.  Hence the measure is not applicable to this fiscal year, and rated white.. 

Deliver at least 90 percent of scheduled operating hours for all operations and 
research facilities.

7ESS22
Green

8HE08
Green

9HE11
Green

None
HE-11-7
Green

Peer-review and competitively award at least 90 percent, by budget, of research 
projects.

7ESS22
Green

8HE09
Green

9HE12
Green

None
HE-11-8
Green

Reduce time within which 80 percent of NASA Research Announcement (NRA) 
grants are awarded, from proposal due date to selection, by four percent per year, 
with a goal of 180 days.

7ESS24
Red

8HE10
Yellow

9HE13
Green

10HE12
Red

HE-11-9
Green
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Outcome 2.3
Ascertain the content, origin, and evolution of the solar system and  
the potential for life elsewhere.

Planetary Science’s missions have revolutionized understanding of the origin and history of the solar system. NASA has 
missions circling the innermost planet, Mercury, and heading for the outer reaches of the solar system, where Pluto 
orbits among many Kuiper Belt objects. Its missions have orbited and roved the surface of Mars, finding evidence of 
liquid water. Closer to home, Planetary Science uses ground-based sensors in coordination with the National Science 
Foundation and the U.S. Air Force to survey the volume of near-Earth space to detect, track, catalog, and characterize 
near-Earth objects that may either pose hazards to Earth or provide destinations and resources for future exploration.

NASA’s robotic science missions are paving the way for understanding the origin and evolution of the solar system and 
identifying past and present habitable locations. With this knowledge, NASA is enabling human space exploration by 
studying and characterizing planetary environments beyond Earth and identifying possible resources that will enable 
safe and effective human missions to destinations beyond low Earth orbit. 

Robotic explorers gather data to help scientists understand how the planets formed, what triggered different evolution-
ary paths among planets, what processes are active, and how Earth formed, evolved, and became habitable. To search 
for evidence of life beyond Earth, scientists use this data to map zones of habitability, study the chemistry of unfamiliar 
worlds, and unveil the processes that lead to conditions necessary for life.

Planetary Science completed some important milestones this fiscal year:

•	 In	August	2011,	NASA	completed	the	Juno Launch Readiness Review, the last review of the spacecraft, its launch 
vehicle, and launch systems. The mission launched on August 5, beginning its five-year journey to Jupiter.  At the 
end of the month, the mission team began checking the spacecraft’s camera by taking images of Earth and the 
Moon (for more information, go to the news release). Planetary Science completed Juno development within the 
lifecycle estimate for both cost and schedule.

•	 NASA	 completed	 the	 Gravity Recovery and 
Interior Laboratory (GRAIL) mission Pre-Ship 
Review on May 5, 2011. This review was a qual-
ity check conducted before the two spacecraft 
were shipped from the contractor that built them 
to NASA for launch preparations. On September 
10, GRAIL launched on its way to the Moon to 
begin mapping lunar gravity and using that infor-
mation to increase understanding of the Moon’s 
interior and thermal history. Planetary Science 
completed GRAIL development within the esti-
mated life cycle for both cost and schedule.

•	 NASA	 completed	 the	 Confirmation	 Review	 for	
the Mars Atmosphere and Volatile Evolution Mis-
sion (MAVEN) on October 4, 2010. This review 
determined that the project team had success-
fully formulated a plan that established the proj-
ect purpose, scope, parameters, deliverables, 
and providers, assessed risk, and estimated a 
lifecycle cost and schedule that covered these 
elements. With the review completed, MAVEN 
entered development, when the spacecraft is 
built and tested. In July, MAVEN passed another 
critical milestone when an independent review 
board, composed of reviewers from NASA and 
several external organizations, met to validate the 

As the Sun comes up over Cape Canaveral 
Air Force Station in Florida on August 5, 2011, 
preparations are under way at Space Launch 
Complex 41 to launch the Atlas V-551 launch 
vehicle carrying NASA’s Juno spacecraft. (Credit: 
NASA/K. Allen)

http://science.nasa.gov/planetary-science/
http://www.nasa.gov/mission_pages/juno/main/index.html
http://www.nasa.gov/mission_pages/juno/news/juno20110830.html
http://www.nasa.gov/mission_pages/grail/main/index.html
http://www.nasa.gov/mission_pages/grail/main/index.html
http://www.nasa.gov/mission_pages/mars/news/maven_20080915.html
http://www.nasa.gov/mission_pages/mars/news/maven_20080915.html


Strategic Goal 2

84 Detailed Performance

system design as part of the Critical Design Review. This review granted permission to the mission team to begin 
manufacturing hardware. MAVEN will provide a comprehensive picture of the Mars upper atmosphere, ionosphere, 
solar energetic drivers, and atmospheric losses.

•	 The	Jet	Propulsion	Laboratory	completed	the	Mars Science Laboratory (MSL) Pre-Ship Review on May 5, 2011, 
and pressed ahead with launch preparation activities. System testing put the rover and other parts of the spacecraft 
through simulations of many activities from launch through operations on Mars’ surface. 

Below is a sample of FY 2011 activities that supported this outcome.

Understanding the formation, evolution, and behavior of solar system objects

WISE has a second career hunting for asteroids

While the Wide-field Infrared Survey Explorer (WISE), launched in December 2009, was performing its prime mis-
sion—scanning the entire sky to build a detailed map in the infrared—its tens of thousands of images were also being 
examined to find objects in our own solar system. It proved to be particularly useful for finding near Earth objects (NEOs), 
asteroids and comets with orbits that come within 28 million miles of Earth’s path around the Sun and that may pose 
an impact hazard. This “NEOWISE” project of the WISE mission was dedicated to hunting for asteroids and comets. In 
early October 2010, WISE ran out of the coolant that keeps its instrumentation cold, but two of its four infrared detectors 
remained operational, and these two channels were used to complete the one year entire scan around the solar system.

By	the	end	of	survey	operations	in	February	2011,	the	NEOWISE	researchers	observed	over	157,000	asteroids,	including	
more than 585 NEOs, and 120 comets. The mission’s discoveries of previously unknown objects include 20 comets, 
more than 33,000 asteroids in the main belt between Mars and Jupiter, and 134 NEOs. NEOWISE also observed 
objects farther away than the main belt: about 2,000 asteroids that orbit ahead and behind Jupiter, the so-called Trojan 
asteroids. 

These observations will be key to determining the objects’ sizes and compositions. Visible-light data reveals only how 
much sunlight reflects off an asteroid, but infrared data is directly related to the object’s size and provides much more 
accurate estimates. By combining visible and infrared measurements, astronomers also can learn more about the size 
and compositions of the rocky bodies, for example, whether they might be solid or crumbly. The findings will lead to a 
much-improved picture of the various asteroid populations. 

Dawn enters into orbit around Vesta

The Dawn spacecraft,	 after	 a	 1.7	 billion	mile	 journey,	 slipped	 into	
orbit around Vesta on July 15, starting a yearlong science campaign 
to map one of the solar system’s largest asteroids. Images taken 
in the High-Altitude Mapping Orbit show that the surface of Vesta 
appears to be much rougher than other asteroids in the main aster-
oid belt. Preliminary dates from a method that uses the number of 
craters indicate that areas in the southern hemisphere are as young 
as 1 to 2 billion years old, much younger than areas in the north. 
One spectacular image shows a mountain three times as high as 
Mt. Everest, amidst the topography in the south polar region, rising 
about 13 miles (22 kilometers) above the average height of the sur-
rounding terrain, making it one of the tallest mountains in the solar 
system. Dawn is the first spacecraft to enter orbit around a main 
asteroid belt object, use an ion engine on a NASA planetary mission, 
and visit an asteroid thought to be the source of many meteorites 
found here on Earth. (Read more about Dawn arriving at Vesta.)

Dawn’s goal is to characterize the conditions and processes of the 
solar system’s earliest epoch by investigating in detail two of the larg-
est asteroids hypothesized to once have been protoplanets remain-
ing intact since their formation: Vesta and Ceres. Protoplanets were 
small bodies that collided to gradually form dominant planets during 
the early development of a solar system. Dawn is investigating Ceres 
and Vesta to learn more about the evolutionary paths they followed.

On July 24, 2011, NASA’s Dawn spacecraft 
obtained this image, taken from a distance of about 
3,200 miles, of the giant asteroid Vesta with its 
framing camera. Dawn entered orbit around Vesta 
on July 15 and will spend a year orbiting the body. 
After that, the next stop on its itinerary will be an 
encounter with the dwarf planet Ceres. (Credit: 
NASA/JPL-Caltech/UCLA/MPS/DLR/IDA)

http://mars.jpl.nasa.gov/msl/
http://www.nasa.gov/mission_pages/WISE/main/index.html
http://dawn.jpl.nasa.gov/
http://dawn.jpl.nasa.gov/feature_stories/spacecraft_begins_science_orbits.asp
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Understanding the origin and evolution of the solar system’s planets, moons, and bodies

MESSENGER reaches Mercury orbit insertion and begins orbital observations

MESSENGER (Mercury Surface, Space Environment, Geochemistry and Ranging), the first spacecraft to orbit Mercury, 
reached	orbit	insertion	at	the	solar	system’s	innermost	planet	on	March	17,	2011,	and	sent	its	first	image	from	orbit	on	
the 29th, beginning the first up-close study of the smallest planet. 

MESSENGER will map the entire surface of Mercury and monitor changes in the planet’s atmosphere. Mercury is one 
of four terrestrial (rocky) planets in the solar system, along with Earth, Venus, and Mars. Among these four, it is a planet 
of extremes: it is the smallest, the densest, the one with the largest daily variations in surface temperatures, the one with 
the oldest surface, and the least explored. Understanding this extreme terrestrial planet is key to understanding how the 
planets in the solar system formed and evolved. 

Scientists are discovering that many previous theories based on earlier flybys by MESSENGER and by Mariner 10 in the 
1970s	must	now	be	revisited	due	to	results	coming	in	from	MESSENGER’s	orbital	observations.	Exciting	new	results	
include evidence that Mercury may have experienced explosive volcanic activity in its past on a global scale and images 
showing a new class of features called “hollows,” fresh-appearing, irregular, shallow, rimless depressions. (See the 
September 30, 2011, issue of Science for more on these results.) 

Juno on a mission to discover the origin of the solar system

On August 5, 2011, NASA launched the Juno spacecraft on its mission to study the solar system’s largest planet, Jupiter.  
Underneath this gas giant’s dense cloud cover are secrets to the fundamental processes and conditions that governed 
the solar system during its formation. Theories about solar system formation all begin with the collapse of a giant cloud 
of gas and dust, or nebula, most of which formed the infant Sun. Like the Sun, Jupiter is mostly hydrogen and helium, 
so it likely formed early, capturing material left after the Sun was born. Scientists have posed different scenarios for how 
this may have happened: a massive planetary core formed first and gravitationally captured gas, or an unstable region 
collapsed inside the nebula, triggering the planet’s formation. Juno may provide the data needed to understand how 
the solar system formed.

As the primary example of a giant planet, Jupiter also can provide critical knowledge for understanding the planetary 
systems being discovered around other stars, which frequently have one or more one or more Jupiter-sized or super-
Jupiter planets. With its suite of science instruments, Juno will investigate the existence of a solid planetary core, map 
Jupiter’s intense magnetic field, measure the amount of water and ammonia in the deep atmosphere, and observe the 
planet’s auroras. 

This MESSENGER image, acquired in May 2011, provides an extraor-
dinary view of the crater Degas on Mercury. The crater’s floor contains 
cracks that formed as the pool of impact melt cooled and shrank. The 
high-reflectance material on the walls and in the central portion of the 
crater probably has a composition distinct from that of the crater floor 
and surroundings. The illumination conditions and down-slope move-
ment of eroded material exposing fresh rock also contributed to the 
bright appearance. (Credit: NASA/Johns Hopkins University Applied 
Physics Laboratory/Carnegie Institution of Washington)

http://www.nasa.gov/mission_pages/messenger/main/index.html
http://nssdc.gsfc.nasa.gov/nmc/spacecraftDisplay.do?id=1973-085A
http://www.sciencemag.org/content/333/6051/1856.full
http://www.sciencemag.org/content/333/6051/1856.full
http://www.nasa.gov/mission_pages/juno/main/index.html


Strategic Goal 2

86 Detailed Performance

Water, discovered in lunar rocks, raises questions about origin of the Moon

In May 2011, a team of NASA-funded researchers published their findings that they measured, for the first time, water 
from the Moon contained in tiny globules of molten rock, which have turned to glass-like material trapped within crystals. 
Data from these lunar melt inclusions indicate the water content of lunar magma was 100 times higher than previous 
studies suggested, and confirm that the Moon is not as dry as previously thought. The higher water content has implica-
tions for the origin of the Moon and may shed light on how the inner planets acquired their water.  

The inclusions were found in a sample collected during the Apollo	 17	mission	 in	 1972.	 The	 scientific	 team	used	 a	
state-of-the-art ion microprobe instrument to measure the water content of the inclusions contained within the famous 
“orange	glass	soil”	formed	during	explosive	eruptions	about	a	3.7	billion	years	ago.	

The results raise questions about aspects of the “giant impact theory” of how the Moon was created. That theory 
predicted that a catastrophic collision between Earth and a Mars-sized body very early in Earth’s history would have 
produced a Moon with very low water content. The energetic collision would have stripped away volatiles, “degassing” 
the resultant early Moon. The team’s work, however, shows that at least parts of the lunar interior had as much water as 
parts of Earth’s current interior. The study also puts a new twist on the origin of water-ice detected in craters at the lunar 
poles by several recent NASA missions, including the Lunar Reconnaissance Orbiter (LRO) and the Lunar Crater Obser-
vation and Sensing Satellite (LCROSS). The ice has been attributed to comet and asteroid impacts, but the researchers 
think it is possible that some of the ice came from water released by the eruption of lunar magmas eons ago. (Read 
more on the lunar water study.)

Discovering the history and  
habitability of Mars and other 
solar system bodies

Enceladus’ ocean-like spray indicates 
salt water reservoir

NASA’s Cassini spacecraft has discovered 
the best evidence yet for a large-scale salt-
water reservoir beneath the icy crust of Sat-
urn’s moon Enceladus. The data came from 
the spacecraft’s direct analysis of salt-rich ice 
grains close to the jets ejected from the moon. 

The discovery of plumes of water vapor and 
ice particles from warm fractures, known as 
tiger stripes, raised the question of whether 
the plumes were emerging from a subsurface 
liquid source or from the decomposition of ice. New analysis from Cassini’s cosmic dust analyzer instrument, and 
published in the June issue of Nature, found that relatively large grains rich with sodium and potassium dominate the 
plumes. The salt-rich particles have an “ocean-like” composition that indicate that most, if not all, of the expelled ice and 
water vapor comes from the evaporation of liquid salt water.

This analysis suggests a layer of water between the moon’s rocky core and its icy mantle, possibly as deep as about 
50 miles beneath the surface. As this water washes against the rocks, it dissolves salt compounds and rises through 
fractures in the overlying ice to form reserves nearer the surface. If the outermost layer cracks open, the decrease in 
pressure from these reserves to space causes a plume to shoot out. The authors suggest the water reserves must have 
large evaporating surfaces, or they would freeze easily and stop the plumes. Liquid water is one of the prerequisites for 
known forms of life, making Enceladus another target of interest for studies of past or current habitability. (Read more 
on this story.)

Landing site selected for upcoming Mars mission

On June 22, 2011, NASA announced Gale crater as the landing site for the Mars Science Laboratory’s (MSL’s) car-sized 
rover, Curiosity. This was one of the important last milestones for preparing the mission for launch, achieving half of the 
requirements for Performance Goal 2.3.3.2. About the combined area of Connecticut and Rhode Island, Gale crater 
offers diverse stratigraphy (or rock layering), including possible water-bearing materials like sulfates and phyllosilicates, 
that suggests it is the surviving remnant of an extensive sequence of deposits. (Read more about the site selection.)

Dramatic plumes, both large and small, spray water ice out from many locations 
along the famed “tiger stripes” near the south pole of Saturn’s moon Ence-
ladus. The tiger stripes are fissures that spray icy particles, water vapor and 
organic compounds. More than 30 individual jets of different sizes can be seen 
in this mosaic, created from two high-resolution images that were captured 
by Cassini’s narrow-angle camera when the spacecraft flew past Enceladus 
and through the jets on November 21, 2009. (Credit: NASA/JPL/Space Science 
Institute)

http://science.ksc.nasa.gov/history/apollo/apollo-17/apollo-17.html
http://www.nasa.gov/mission_pages/LRO/main/index.html
http://www.nasa.gov/mission_pages/LCROSS/main/index.html
http://www.nasa.gov/mission_pages/LCROSS/main/index.html
http://www.nasa.gov/home/hqnews/2011/may/HQ_11-171_Moon_Water.html
http://www.nasa.gov/home/hqnews/2011/may/HQ_11-171_Moon_Water.html
http://www.nasa.gov/mission_pages/cassini/main/index.html
http://www.nature.com/news/2009/090624/full/news.2009.596.html
http://www.nasa.gov/mission_pages/cassini/whycassini/cassini20110622.html
http://www.nasa.gov/mission_pages/cassini/whycassini/cassini20110622.html
http://mars.jpl.nasa.gov/msl/
http://mars.jpl.nasa.gov/msl/mission/rover/
http://marsprogram.jpl.nasa.gov/msl/news/whatsnew/index.cfm?FuseAction=ShowNews&NewsID=1141
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NASA is preparing MSL for launch during the first quarter of FY 2012. 
In a prime mission lasting one Martian year (nearly two Earth years), 
researchers will use the rover’s tools to study whether the landing 
region has had environmental conditions favorable for supporting 
microbial life and for preserving clues about whether life existed.

Study Earth to determine if there is or ever has 
been life elsewhere in the universe

More asteroids could have made life’s ingredients

A wider range of asteroids was capable of creating the kind of 
amino acids used by life on Earth, according to NASA Astrobiology 
Institute (NAI)-funded researchers.

In 2009, the team from the Goddard Center for Astrobiology 
reported the discovery of an excess of the left-handed form of the 
amino acid, isovaline, in samples of meteorites that came from 
carbon-rich asteroids. In a paper published in the December 2010 
issue of Meteoritics and Planetary Science, the team reports finding 
excess left-handed isovaline (L-isovaline) in a much wider variety of 
carbon-rich meteorites. Amino acid molecules can be built in two 
ways that are mirror images of each other. Life on Earth uses left-handed amino acids, and they are never mixed with 
right-handed ones, but the amino acids found in the meteorite had equal amounts of the left and right-handed varieties.

Researchers recovered the asteroid remnants, collectively called Almahata Sitta, in the Sudanese desert in 2008, an 
example of ureilite meteorites (a rare, stony meteorite that has a high percentage of carbon in the form of graphite and 
nanodiamonds) found in pristine condition. A sample was divided between the Goddard Space Flight Center and a 
laboratory at the Scripps Institution of Oceanography at the University of California, San Diego. The extremely sensi-
tive equipment in both labs detected small amounts of 19 different amino acids in the sample, ranging from 0.5 to 149 
parts per billion. The authors suggest that the amino acids may have formed through reactions in gases as the very hot 
asteroid cooled down. The team had to be sure that the amino acids in the meteorite did not come from contamination 
by life on Earth. 

Amino acids are used to make proteins, the workhorse molecules of life, used in everything from structures like hair 
to enzymes, the catalysts that speed up or regulate chemical reactions. Life uses 20 different amino acids in a huge 
variety of arrangements to build millions of different proteins. Some researchers hypothesize that ureilite meteorites 
were formed in the solar nebula, suggesting that the amino acids found in the Almahata Sitta samples might have been 
synthesized very early in the history of the solar system. (Read more on this story.)

A bacterium that can grow by using arsenic instead of phosphorus

Life uses a combination of the elements carbon, hydrogen, nitrogen, oxygen, phosphorus, and sulfur. Other elements 
may be present, but these six are the most common and essential for biological molecules.  

NASA-funded researchers conducting tests in the harsh environment of Mono Lake, California, discovered the first 
known microorganism on Earth able to thrive and reproduce using the normally toxic chemical arsenic in place of 
phosphorus. Phosphorus is a central component of the energy-carrying molecule in all cells and also the phospholipids 
that form all cell membranes. Arsenic, which is chemically similar to phosphorus, disrupts metabolic pathways because 
chemically it behaves like phosphate. 

The results of this study will inform ongoing research in many areas, including the study of Earth’s evolution, organic 
chemistry, biogeochemical cycles, disease mitigation and Earth system research. They also will open new frontiers in 
microbiology and other disciplines. (Read more about this study.)

The ellipse superimposed on this image of Gale 
crater indicates the intended landing area for the 
MSL rover, Curiosity. The portion of the crater within 
the landing area has an alluvial fan likely formed by 
water-carried sediments. The lower layers of the 
nearby mountain—within driving distance for Curios-
ity—contain minerals indicating a wet history. (Credit: 
NASA/JPL-Caltech/ASU)

http://astrobiology.gsfc.nasa.gov/
http://www.nasa.gov/centers/goddard/home/index.html
http://www.sio.ucsd.edu/
http://www.nasa.gov/topics/solarsystem/features/left_hand_aminoacids.html
http://www.nasa.gov/topics/universe/features/astrobiology_toxic_chemical.html
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Identify and learn about small solar system bodies

Finding near Earth objects

NASA and its partners maintain a watch for near-Earth objects, asteroids and comets that pass close to Earth, as part 
of an ongoing effort to discover, catalog, and characterize these potentially hazardous objects. This fiscal year, asteroid 
search teams funded by NASA’s Near Earth Object Observation Program found another twelve asteroids larger than 
one kilometer, or 0.62 miles, in size with orbits coming within Earth’s vicinity. 

Near-Earth objects pose a threat to property, the environment, and even life itself. Near-Earth objects that are one 
kilometer in diameter or larger pose the biggest overall hazard, because if they do impact it would have global conse-
quences, including ejected debris spread around the Earth and into its atmosphere, blocking sunlight for many months 
to years. Smaller objects pose a more frequent hazard because with their much greater numbers they are the most 
likely to impact Earth. All of these objects hold great scientific interest because they represent relatively unchanged 
debris from the solar system formation process some 4.6 billion years ago. They may carry with them ice and the build-
ing blocks of life. NASA funds teams that detect and catalogue near-Earth objects for both planetary protection and 
scientific purposes.

Asteroid search teams also found one more near Earth comet and 959 smaller asteroids of less than one kilometer in 
average diameter, bringing the total number known of all sizes to 8,294. The high precision orbit predictions computed 
by NASA’s Jet Propulsion Laboratory show that none of these objects are likely to hit Earth in the next century. However, 
1,250 (of which 150 are larger than one kilometer in diameter) are in orbits that could become a hazard in the more 
distant future and warrant continued monitoring. 

The results of the NEOWISE project, discussed earlier, complete and confirm the achievement this year of the initial 
“Spaceguard” goal, set with Congress back in 1998, to find at least 90 percent of the one kilometer and larger NEOs.  
NEOWISE	analysis	shows	our	search	teams	have	now	found	911	(+17)	of	981	(+19),	or	93	percent	of	the	one	kilometer	
and larger population (see story here).

NASA selects New Frontiers 3 mission—OSIRIS-REx 

In May 2011, Planetary Science selected an asteroid sample return as the third mission for its New Frontiers Program 
of solar system explorations. The Origins-Spectral Interpretation-Resource Identification-Security–Regolith Explorer, 
or OSIRIS-REx, will be the first U.S. mission to retrieve and carry materials from an asteroid back to Earth. Planned 
for launch in 2016, the spacecraft will use a robotic arm to collect samples that could better explain the solar system’s 
formation and how life began.

Asteroids are leftovers formed from the cloud of gas and dust—the solar nebula—that collapsed to form the Sun and 
the planets about 4.6 billion years ago. As such, they contain the original material from the solar nebula, which can tell 
scientists about the conditions of the solar system’s birth.

After rendezvous and acquisition of a sample, OSIRIS-REx will store the material in a capsule to be returned to Earth in 
2023. The capsule’s design will be similar to that used by NASA’s Stardust spacecraft, which returned the world’s first 
comet particles from comet Wild 2 in 2006. (Read more about the mission selection.)

http://neo.jpl.nasa.gov/
http://www.jpl.nasa.gov/
http://www.nasa.gov/home/hqnews/2011/sep/HQ_11-333_NEOWISE.html
http://science.nasa.gov/planetary-science/
http://newfrontiers.nasa.gov/
http://stardust.jpl.nasa.gov/home/index.html
http://www.nasa.gov/topics/solarsystem/features/osiris-rex.html
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Outcome 2.3
Ascertain the content, origin, and evolution of the solar system and the potential life elsewhere.

FY 2011 Performance Goal  FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.3.1.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in inventorying solar system objects and identify-
ing the processes active in and among them. Progress relative to the objectives in 
NASA’s 2010 Science Plan will be evaluated by external expert review.

None None None None
PS-11-1 
Green

Achieve arrival of Dawn at Vesta.
None None None None

PS-11-2
Green

FY 2011 Performance Goal  FY 2011

By 2017, launch at least two missions in support of this outcome. 2.3.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the mission concept studies for the
New Frontiers 3 mission. None None None

10PS04
Green

PS-11-3
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.3.2.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding how the Sun’s family of planets, 
satellites, and minor bodies originated and evolved. Progress relative to the objec-
tives in NASA’s 2010 Science Plan will be evaluated by external expert review.

7SSE1
Green

8PS01
Green

9PS1
Green

10PS01
Green

PS-11-4
Green

Complete the MESSENGER Mercury Orbit Insertion. 7SSE1
Green

8PS02
Green

None None
PS-11-5
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least three missions in support of this outcome. 2.3.2.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the mission concept studies for the New Frontiers 3 mission.
None None None

10PS04
Green

PS-11-3
Green

Complete the Juno Launch Readiness Review. 7SSE3
White

8PS03
Green

9PS2
Green

10PS02
Green

PS-11-6
Green

Complete the Gravity Recovery and Interior Laboratory (GRAIL) Pre-Ship Review.
None None

9PS3
Green

10PS03
Green

PS-11-7
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.3.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the processes that determine the 
history and future of habitability of environments on Mars and other solar system 
bodies. Progress relative to the objectives in NASA’s 2010 Science Plan will be 
evaluated by external expert review.

7SSE6
Green

8PS06
Green

9PS8
Green

10PS09
Green

PS-11-8
Green

FY 2011 Performance Goal FY 2011

By 2015, launch at least two missions in support of this outcome. 2.3.3.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Mars Atmosphere and Volatile EvolutioN Mission (MAVEN) Confirma-
tion Review. None None None

10PS08
Green

PS-11-10
Green

Complete the Mars Science Laboratory (MSL) Pre-Ship Review. 7SSE5
Green

8PS05
Green

9PS4
Red

10PS06
Yellow

PS-11-9
Green
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FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.3.4.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the origin and evolution of life on 
Earth and throughout the biosphere to determine if there is or ever has been life 
elsewhere in the universe. Progress relative to the objectives in NASA’s 2010 Sci-
ence Plan will be evaluated by external expert review.

7SSE4
Green

8PS04
Green

9PS5
Green

10PS07
Green

PS-11-11
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.3.5.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in identifying and characterizing small bodies and 
the properties of planetary environments that pose a threat to terrestrial life or explo-
ration or provide potentially exploitable resources. Progress relative to the objectives 
in NASA’s 2010 Science Plan will be evaluated by external expert review.

7SSE8
Green

8PS08
Green

9PS9
Green

10PS10
Green

PS-11-12
Green

FY 2011 Performance Goal FY 2011

Return data for selection of destinations in order to lower risk for human space exploration beyond low Earth orbit. 2.3.5.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop an archive of high resolution images of the moon from the Lunar Recon-
naissance Orbiter (LRO) necessary for human space exploration to determine 
potential landing sites.

None None
9AC16
Green

10AC17
Green

PS-11-13
Green

Uniform and Efficiency Measures

FY07 FY08 FY09 FY10 FY 2011

Complete all development projects within 110 percent of the cost and schedule 
baseline.

7SSE10
Red

8PS09
White

9PS11
Red

10PS15
White

PS-11-14
Green

Deliver at least 90 percent of scheduled operating hours for all operations and 
research facilities.

7SSE11
Green

8PS10
Green

9PS12
Green

10PS16
Green

PS-11-15
Green

Peer-review and competitively award at least 95 percent, by budget, of research 
projects.

7SSE12
Green

8PS11
Green

9PS13
Green

10PS13
Green

PS-11-16
Green

Reduce time within which 80 percent of NASA Research Announcement (NRA) 
grants are awarded, from proposal due date to selection, by four percent per year, 
with a goal of 180 days.

7SSE13
Red

8PS12
Green

9PS14
Green

10PS14
Red

PS-11-17
Red

Why NASA rated Uniform and Efficiency Measure PS-11-17 Red: This annual performance target was not met, for the time to complete 
its grant proposal evaluation and selection process, by the Planetary Science Division, within the Science Mission Directorate.  The targeted 
amount of time was missed by 76 days, approximately 35 percent of the planned time. The time to award was impacted by the year-long 
Continuing Resolution, on the order of a 50 day delay, on average, across the Science Mission Directorate. It is estimated that without the 
impact of the Continuing Resolution, the Planetary Science Division would have missed its target regardless. Other factors contributing to the 
missed target included staffing transitions in positions key to this process during FY 2011 (new Research & Analysis Lead and new program 
scientists). The involvement of these scientists in critical mission activities for multiple 2011 launches (Juno, GRAIL, MSL), as well as multiple  
FY 2011 Announcements of Opportunity also prevented improvement. (See page 173 for the Performance Improvement Plan.)
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Outcome 2.4

The Astrophysics theme seeks to understand the birth 
of the universe, the edges of space and time near black 
holes, and the dark energy that fills the entire universe.  It 
is exploring the relationship between the smallest of sub-
atomic particles and the vast expanse of the cosmos.  
Its missions reveal the diversity of planets and planetary 
system architectures in the Milky Way galaxy, pinpoint 
Earth-like, potentially life-supporting planets in other 
solar systems, and study stellar and planetary environ-
ments and what powers the most energetic galaxies.  
Astrophysics designs and launches space telescopes 
that work in conjunction with other ground and airborne 
telescopes to exploit the full range of the electromag-
netic spectrum to view the broad diversity of the objects 
in the universe.

NASA’s Astrophysics missions have provided research-
ers with new ways of looking at the universe so that 
they can expand knowledge about cosmic origins and 
fundamental physics. The study of the universe benefits 
the Nation’s scientific research community by focus-
ing research and advanced technology developments 
on optics, sensors, guidance systems, and propulsion 
systems. Some of these new and improved technolo-
gies enable ground-breaking capabilities, which are then 
available to both the commercial and defense sectors.  

Stunning images produced from Astrophysics’ operat-
ing missions continue to inspire the public, revealing the 
beauty of the universe and the science behind those 
images. The striking images from these observatories also are educational tools to help spark student interest in sci-
ence, technology, engineering, and mathematics and serve to prominently illustrate the role of the United States in 
scientific exploration. NASA provides the tools to translate the science for the classroom and other learning venues in 
ways that meet educator needs.

Astrophysics completed two major milestones during the fiscal year:

•	 NASA	completed	the	System	Integration	Review	(SIR)	 for	 the	Nuclear Spectroscopic Telescope Array (NuSTAR) 
mission on January 28, 2011. The SIR evaluated the readiness of the project to start flight system assembly, test, 
and launch operations. NuSTAR will use high energy X-rays to search for black holes, map supernova explosions, 
and study the most extreme active galaxies.

•	 In	September	2011,	NASA’s	Program	Management	Council	approved	a	rebaseline	for	the	James Webb Space Tele-
scope (JWST). This is the program’s first major step in realigning cost and schedule commitments based on recent 
assessments of its planned science goals, technology readiness levels, progress to date, and risks. JWST, which 
entered development in July 2008, will use the infrared spectrum to observe the highly red-shifted early universe, 
where cool objects like protostars and protoplanetary disks emit strongly and dust obscures shorter wavelengths.

Discover how the universe works, explore how it began and evolved, and 
search for Earth-like planets.

Astronomers using NASA’s Wide-field Infrared Survey Explorer 
(WISE) have captured rare data of a flaring black hole, revealing 
new details about these powerful objects and their blazing jets. 
This artist’s concept illustrates what the flaring black hole called 
GX 339-4 might look like. Infrared observations from WISE reveal 
the best information yet on the chaotic and extreme environments 
of this black hole’s jets. GX 339-4 likely formed from a star that 
exploded. It is surrounded by an accretion disk (red) of material 
being pulled onto the black hole from a neighboring star (yellow 
orb). Some of this material is shot away in the form of jets (yellow 
flows above and below the disk). The region close in to the black 
hole glows brightly in infrared light. Read more about this story. 
(Credit: NASA)

http://science.nasa.gov/astrophysics/
http://www.nustar.caltech.edu/
http://www.nustar.caltech.edu/
http://www.jwst.nasa.gov/
http://www.jwst.nasa.gov/
http://www.nasa.gov/mission_pages/WISE/main/index.html
http://www.nasa.gov/mission_pages/WISE/main/index.html
http://www.nasa.gov/mission_pages/WISE/news/wise20110920.html
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Understanding black holes, dark energy, dark matter, and their relationship to the origin 
of the universe

Dark energy is accelerating the expansion of the universe

A five-year survey of 200,000 galaxies using the Galaxy Evolution Explorer (GALEX) space telescope, stretching back 
seven billion years in cosmic time, has led to one of the best independent confirmations that dark energy is driving the 
universe apart at accelerating speeds. Astronomers think that the expansion of the universe is regulated by both the 
force of gravity, which acts to slow it down, and a mysterious dark energy, which pushes matter and space apart. In fact, 
dark energy is thought to be pushing the cosmos apart at faster and faster speeds, causing the universe’s expansion 
to accelerate. 

The findings offer new support for the favored theory of how dark energy works—as a constant force, uniformly affect-
ing the universe and propelling its runaway expansion. Scientists think dark energy dominates the universe, making up 
about	74	percent	of	 it.	Dark	matter,	a	slightly	 less	mysterious	substance,	accounts	for	22	percent.	So-called	normal	
matter, anything with atoms, or the stuff that makes up living creatures, planets and stars, is only about four percent of 
the cosmos. (Read more about GALEX’s findings.)

Telescopes join forces to observe unprecedented explosion 

NASA’s Swift spacecraft, Hubble Space Telescope, and Chandra X-ray Observatory teamed up to study one of the most 
puzzling cosmic blasts yet observed. Astronomers discovered that it was a massive explosion that may be the death 
of a star torn apart by a black hole. 

The explosive event was located in the center of a galaxy 3.8 billion light years away and lasted for over a week, with 
intermittent fading and brightening episodes. Nothing as bright, long-lasting, and variable has ever been observed from 
extragalactic sources. Gamma-ray bursts (bursts of gamma-ray photons, the most energetic form of light) usually mark 
the destruction of a massive star, but flaring emission from these events never lasts more than a few hours.

Although research is ongoing, astronomers suggest that the unusual blast arose when a star wandered too close to its 
galaxy’s central black hole. Intense tidal forces tore the star apart, and the infalling gas continues to stream toward the 
hole. According to this model, the spinning black hole formed an out-flowing jet along its rotational axis. A powerful blast 
of X- and gamma rays is seen if this jet is pointed toward Earth.

Most galaxies, including the Milky Way, contain central black holes with millions of times the Sun’s mass. Black holes 
in the largest galaxies can be a thousand times larger. The disrupted star probably succumbed to a black hole less 
massive than the Milky Way’s. This discovery highlights the value of being able to observe events across multiple 
wavelengths—optical (Hubble), X-ray (Chandra), and Gamma-ray (Swift)—to pinpoint and better observe this dramatic 
explosion. (Read more about this story.)

Images from Swift’s Ultraviolet/Optical (white, purple) and X-ray telescopes (yellow, red) were combined to form the first view of the event, 
called GRB 110328A. The blast was detected only in X-rays, which were collected over more than three hours on March 28. The second view 
is a visible light image of the host galaxy (arrow) taken by Hubble on April 4. In the last image, taken by Chandra on April 4, the center of the 
X-ray source corresponds to the center of the host galaxy, marked with a red cross.

(Credit: NASA/Swift/S. Immler) (Credit: NASA/ESA/A. Fruchter, STScI) (Credit: NASA/CXC/Warwick/A. Levan)

http://www.nasa.gov/mission_pages/galex/index.html
http://www.nasa.gov/mission_pages/galex/galex20110519.html
http://www.nasa.gov/mission_pages/swift/main/index.html
http://www.nasa.gov/mission_pages/hubble/main/index.html
http://www.nasa.gov/mission_pages/chandra/main/index.html
http://www.nasa.gov/topics/universe/features/star-disintegration.html
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Fermi catches Earth thunderstorms hurling antimatter into space

In late 2010, scientists using NASA’s Fermi Gamma-ray Space Telescope detected beams of antimatter produced above 
thunderstorms on Earth, a phenomenon never seen before.

The scientists found that these antimatter particles, called positrons, were the result of a terrestrial gamma-ray flash 
(TGF), a brief burst produced inside thunderstorms known to be associated with lightning.  They estimate that about 500 
TGFs occur around the world daily, but most go undetected. The data collected by Fermi was the first direct evidence 
that thunderstorms make antimatter particle beams.

Since Fermi’s launch in 2008, its Gamma-ray Burst Monitor (GBM) has detected over 130 TGFs. Such events are 
thought to originate in the strong electric fields near the tops of thunderstorms. When the field becomes strong enough, 
it can drive an upward avalanche of electrons that reach speeds nearly as fast as light. These high-energy electrons emit 
gamma rays when deflected by air molecules. Normally, it is the resulting broad spray of gamma rays that are detected 
as a TGF. However, the Fermi discovery suggests that some of the gamma rays spontaneously transform into electron 
and positron (antimatter) pairs that are accelerated in a tight beam clear out of the atmosphere into space.  When anti-
matter striking the Fermi spacecraft collides with a particle of normal matter, both particles are immediately annihilated 
and transformed into gamma rays that are detected by the GBM. Fermi had to be in the right place at just the right time 
to be in a beam of antimatter. This suggests all TGFs probably emit electron/positron beams. 

NASA’s Fermi mission was designed to observe high-energy events in the cosmos, but the discovery that thunder-
storms make antimatter is an excellent example of how basic science often leads to a better understanding of processes 
here on Earth. (Read more on this story.)

Understanding how stars, planets, and galaxies formed and evolve

Hubble Space Telescope Contributes to Nobel Prize in Physics

Observations made by NASA’s Hubble Space Telescope of a special type of supernovae contributed to research on the 
expansion of the universe that was honored with the 2011 Nobel Prize in Physics.

Adam Riess, an astronomer at the Space Telescope Science Institute and Krieger–Eisenhower professor in physics and 
astronomy at the Johns Hopkins University in Baltimore, was a member of a team awarded the Nobel Prize in Physics 
by the Royal Swedish Academy of Sciences. The academy recognized him for leadership in the High-z Team’s 1998 
discovery that the expansion rate of the universe is accelerating, a phenomenon widely attributed to a mysterious, unex-
plained “dark energy” filling the universe. Critical parts of the work were done with NASA’s Hubble Space Telescope.

Riess shares the prize with Saul Perlmutter, an astrophysicist at the University of California at Berkeley and the Lawrence 
Berkeley National Laboratory, whose Supernova Cosmology Project team published similar results shortly after those 
published by Riess and High-z teammate Brian Schmidt of the Australian National University. Both teams shared the 
Peter	Gruber	Foundation’s	2007	Cosmology	Prize—a gold medal and $500,000—for the discovery of dark energy, 
which Science magazine called “The Breakthrough Discovery of the Year” in 1998. 

Riess led the study for the High-z Supernova Search Team of highly difficult and precise measurements of objects 
that spanned seven billion light years that resulted in the 1998 discovery that many believe has changed astrophysics 
forever: an accelerated expansion of the universe propelled by dark energy. Hubble measured how the brightness of 
some of the most distant supernovae changed over time. This established that the universe is accelerating; the unknown 
agent responsible for the acceleration was dubbed “dark energy.” The precision of Hubble measurements of the high 
redshift supernovae, which had been discovered from the ground, was crucial in the demonstration that distant super-
novae were fainter than expected, and that the initial deceleration of the universe has astoundingly transformed into an 
accelerating expansion due to the effects of dark energy. (Read more about this story.)

NASA’s Chandra and Hubble find massive black holes common in early universe 

Astronomers using the Hubble Space Telescope and the Chandra X-ray Observatory have found the first direct evi-
dence that massive black holes are actively growing in the centers of the most distant galaxies known: galaxies forming 
within 950 million years of the Big Bang. 

Astronomers have long known that most galaxies in the present-day universe (including the Milky Way) harbor massive 
black holes at their hearts, but the origin of these black holes has long remained a mystery. They also predicted that a 
population of young black holes existed in the early universe, but had not observed them until now. Data obtained by 

http://www.nasa.gov/mission_pages/GLAST/main/index.html
http://www.nasa.gov/mission_pages/GLAST/news/fermi-thunderstorms.html
http://www.nasa.gov/mission_pages/hubble/main/index.html
http://www.nobelprize.org/
http://www.stsci.edu/portal/
http://physics-astronomy.jhu.edu/
http://physics-astronomy.jhu.edu/
http://astro.berkeley.edu/
http://www.lbl.gov/
http://www.lbl.gov/
http://www.anu.edu.au/
http://www.gruberprizes.org/GruberPrizes/Cosmology_PressRelease.php?awardid=42
http://www.sciencemag.org/
http://www.nasa.gov/mission_pages/hubble/news/hubble-nobel.html
http://www.nasa.gov/mission_pages/hubble/main/index.html
http://www.nasa.gov/mission_pages/chandra/main/index.html
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Hubble and Chandra suggest that the baby black holes found in the early universe will eventually grow to become like 
the giant black holes seen in the current universe.  

This discovery, which combines very deep observations from Chandra and Hubble, shows that very young black holes 
grow in tandem with their host galaxies and are so veiled by cold gas and dust within these galaxies that only the most 
energetic X-rays can escape. While Hubble can see the ultraviolet and optical light from the stars in these distant galax-
ies, only Chandra can detect the X-ray emission from their central black holes. By pointing Chandra at a single patch of 
sky for more than six weeks, the astronomers obtained the deepest X-ray image ever taken. They scrutinized the data 
for the detection of X-rays from about 200 of the most distant galaxies identified from Hubble observations of the same 
patch of sky. (Read more about these observations.)

WISE mission finds cool neighbors while generating an infrared legacy 

Scientists using data from NASA’s WISE discovered the coldest class of star-like bodies, with temperatures as cool as 
the human body. 

Astronomers hunted these dark orbs, termed Y dwarfs, for more than a decade without success. When viewed with a 
visible-light telescope, they are nearly impossible to see. WISE’s infrared vision allowed the telescope to finally spot the 
faint glow of six Y dwarfs relatively close to the Sun, within a distance of about 40 light-years. 

In February 2011, WISE completed its primary mission to map the sky, looking for neighbors that scientists did not know 
were there—the brightest galaxies and the coolest stars. Y dwarfs are the coldest members of the brown dwarf family. 
Brown dwarfs are sometimes referred to as “failed” stars. They are too low in mass to fuse atoms at their cores and thus 
don’t burn with the fires that keep stars like the Sun shining steadily for billions of years. Instead, these objects cool and 
fade with time, until what little light they do emit is at infrared wavelengths. 

Finding and characterizing the coolest brown dwarfs will set limits on star formation processes and determine the total 
amount of mass in stars, a key ingredient in modeling galaxy formation, and furthering understanding of very cold, 
planet-like atmospheres. The atmospheres of brown dwarfs are similar to those of gas-giant planets like Jupiter, but they 
are easier to observe because they are alone in space, away from the blinding light of a parent star. This new Y-class 

The galaxy on the left appears distorted as the result of the many mergers that are responsible for its origin. The blue regions mark the 
areas of most active star formation. The core of the galaxy (shown in the inserted artist’s impression) is embedded in dust and gas, which 
obscures the light produced by the rapidly growing black hole (shown also in the right panel).  (Credit: NASA/CXC/M.Weiss)

http://www.nasa.gov/mission_pages/chandra/news/H-11-183.html
http://www.nasa.gov/mission_pages/WISE/main/index.html
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would include brown dwarfs with atmospheres cool enough to contain water vapor capable of condensing to form 
clouds and water. (Read more about WISE’s discovery of Y dwarfs.)

With the mapping of the sky recently completed in February 2011 and the first public data released on April 14, 2011 
(http://wise2.ipac.caltech.edu/docs/release/prelim/index.html), WISE data mining has just begun (visit the data release 
site), but, already WISE has discovered over 100 brown dwarf stars. Along with the Y dwarfs, these include two of the 
lowest metallicity (metal deficient) blue compact dwarf galaxies. Very low metallicity galaxies are low redshift examples 
of the first generation of galaxies to form in the universe. It also has found some of the coolest brown dwarfs known.  

SOFIA science observations take flight

The Stratospheric Observatory for Infrared Astronomy (SOFIA) is nearing the end of the phase in which the SOFIA 
project team is developing the observatory and conducting early science flights in parallel. SOFIA is different from other 
missions contributing to this outcome. Instead of a spacecraft equipped with instruments, SOFIA is telescope installed 
in	a	specially	modified	747	aircraft.	In	the	next	phase,	SOFIA	will	be	an	operational	mission.	The	project	made	significant	
progress in FY 2011 toward the next phase.

The project received its Reduced Vertical Separation Minimum certification, which allows SOFIA to now fly anywhere 
within the National Airspace System. Previously, it was restricted to a specific area for testing. The Basic Science 1 first 
competed science using the Faint Object Infrared Camera for SOFIA Telescope (FORCAST) started ahead of schedule 
on May 5. On June 23, SOFIA observed the dwarf planet Pluto as it passed in front of a distant star. This event, known 
as an “occultation,” allowed scientific analysis of Pluto and its atmosphere by flying SOFIA at the right moment to an 
exact location where Pluto’s shadow fell on Earth. A group of scientists and engineers from NASA’s partners the German 
Aerospace Center, DLR, also were aboard to monitor the performance of the German-built telescope and Fast Diag-
nostic Camera (FDC). That camera has been used on previous flights to measure the stability of SOFIA and its optical 
systems. On this flight, the FDC provided supplemental observations of the Pluto occultation. (Read more about SOFIA’s 
observations of Pluto.) In September, the aircraft received an avionics upgrade required for international flights so SOFIA 
could attend the annual German Aerospace Center open house in Cologne, Germany. (Read more about SOFIA’s visit.)

Finding planets beyond the solar system and measuring their properties

Kepler finds Earth-size planet candidates in habitable zone and a six planet system 

Since its launch in March 2009, NASA’s Kepler mission has been seeking evidence of Earth-size planets in orbit around 
Sun-like stars as part of the Agency’s effort to create a census of extra-solar planets and measure their properties and 
discovering a fascinating variety of extrasolar planets along the way. In February 2011, astronomers using Kepler found 
the first Earth-size planet candidates and the first candidates in the habitable zone, a region where liquid water could 
exist on a planet’s surface and that could potentially host life. Kepler also found six confirmed planets orbiting a sun-
like star. This is the largest group of transiting planets orbiting a single star ever discovered outside the solar system. 
Astronomers worldwide are working to confirm these planetary candidates as actual planets, rather than false positives, 
using ground-based observing and sophisticated data analysis with super computers. 

Five of the potential planets are near Earth-size and orbit in the habitable zone of smaller, cooler stars than the Sun. The 
findings increase the number of planet candidates identified by Kepler to more than 1,235 in orbiting around 1,000 stars. 
Of these planets, 68 are approximately Earth-size, 288 are super-Earth-size, 662 are Neptune-size, 165 are the size of 
Jupiter, 19 are up to twice the size of Jupiter, 15 are more than twice the size of Jupiter, and 18 candidates show only 
one transit. (Read more on these discoveries.)

Outcome 2.4
Discover how the universe works, explore how it began and evolved, and search for Earth-like planets.

FY 2011 Performance Goal  FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.4.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the origin and destiny of the 
universe, and the nature of black holes, dark energy, dark matter, and gravity. 
Progress relative to the objectives in NASA’s 2010 Science Plan will be evaluated 
by external expert review.

7UNIV1
Green

8AS01
Green

9AS1
Green

10AS01
Green

AS-11-1
Green

http://www.nasa.gov/mission_pages/WISE/news/wise20110823.html
http://wise2.ipac.caltech.edu/docs/release/prelim/index.html
http://wise2.ipac.caltech.edu/docs/release/prelim/index.html
http://wise2.ipac.caltech.edu/docs/release/prelim/index.html
http://www.nasa.gov/mission_pages/SOFIA/index.html
http://www.sofia.usra.edu/Science/proposals/basic_science/index.html
http://http://www.sofia.usra.edu/Science/instruments/instruments_forcast.html
http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10002/
http://www.dlr.de/dlr/en/desktopdefault.aspx/tabid-10002/
http://www.nasa.gov/mission_pages/SOFIA/11-21.html
http://www.nasa.gov/mission_pages/SOFIA/11-21.html
http://www.nasa.gov/mission_pages/SOFIA/stuttgart.html
http://kepler.nasa.gov/
http://kepler.nasa.gov/news/index.cfm?NewsID=98
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FY 2011 Performance Goal FY 2011

By 2015, launch at least one mission in support of this outcome. 2.4.1.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Complete the Nuclear Spectroscopic Telescope Array (NuSTAR) Systems Inte-
gration Review. None None None

10AS02
Green

AS-11-2
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.4.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in understanding the many phenomena and 
processes associated with galaxy, stellar, and planetary system formation and 
evolution from the earliest epochs to today. Progress relative to the objectives in 
NASA’s 2010 Science Plan will be evaluated by external expert review.

7UNIV6
Green

8AS06
Green

9AS6
Green

10AS09
Green

AS-11-3
Green

FY 2011 Performance Goal FY 2011

Design and assemble James Webb Space Telescope (JWST). 2.4.2.2
Yellow

Why NASA rated Performance Goal 2.4.2.2 Yellow: The measure was placed in the FY 2012 Congressional Justification prior to the 
project’s replan. Based on this, the baseline assumption for the measure was that the project was still operating under the original baseline.  
The new estimated baseline, which was approved late in the fiscal year, resulted in a 78% increase in the estimated lifecycle cost from the 
original baseline. The new estimated baseline has been endorsed by the NASA Administrator, all reporting required by Section 103 of the 
NASA Authorization Act of 2005 has been completed, and 95 percent of the FY 2011 planned activities were accomplished, indicating that 
it is likely to stay on track for the new estimated cost. Specifically, JWST achieved 19 of its 21 planned FY 2011 milestones on or ahead of 
schedule, one milestone was achieved one month late and one milestone was delayed due to design changes, and is on track to achieve its 
FY 2012 milestones. The one planned FY 2011 milestone that was achieved a month late and the one that has been delayed do not impact 
the critical path. (See page 130 for the Performance Improvement Plan.)

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete new James Webb Space Telescope (JWST) mission re-baseline. 7UNIV4
Green

8AS04
Green

9AS4
Green

10AS06
Green

JWST-11-1
Green

FY 2011 Performance Goal FY 2011

Develop and operate an airborne infrared astrophysics observatory. 2.4.2.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Initiate the Stratospheric Observatory for Infrared Astronomy (SOFIA) science 
observations. None None

9AS5
Yellow

10AS07
Yellow

AS-11-4
Green

FY 2011 Performance Goal FY 2011

Provide national scientific capabilities through necessary skilled researchers and supporting knowledge base. 2.4.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Demonstrate planned progress in generating a census of extra-solar planets and 
measuring their properties. Progress relative to the objectives in NASA’s 2010 
Science Plan will be evaluated by external expert review.

7UNIV7
Green

8AS07
Green

9AS7
Green

10AS10
Green

AS-11-5
Green

Uniform and Efficiency Measures

FY07 FY08 FY09 FY10 FY 2011

Complete all development projects within 110 percent of the cost and schedule 
baseline.

7UNIV9
Red

8AS09
Yellow

9AS12
Yellow

10AS11
Green

AS-11-6
White

Why NASA rated APG AS-11-6 White:  The metric indicates the final development costs, once a mission launches, but there were no 
planned launches for FY11 in Astrophysics.  Hence the measure is not applicable to this fiscal year, and rated white.

Deliver at least 90 percent of scheduled operating hours for all operations and 
research facilities.

7UNIV10
Green

8AS10
Green

9AS13
Green

10AS12
Green

AS-11-7
Green

Peer-review and competitively award at least 95 percent, by budget, of research 
projects.

7UNIV11
Green

8AS11
Green

9AS14
Green

10AS13
Green

AS-11-8
Green

Reduce time within which 80 percent of NASA Research Announcement (NRA) 
grants are awarded, from proposal due date to selection, by four percent per 
year, with a goal of 180 days.

7UNIV12
Green

8AS12
Yellow

9AS15
Green

10AS14
Green

AS-11-9
Green
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our exploration, science, and economic future.

Creating the innovative new space technologies for America’s exploration, science, and economic future requires devel-
opment of capabilities that do not yet exist or are currently too immature and too high-risk to use for current missions.  
The inclusion of an untried technology poses risks to planned budgets and schedules due to the unknown and unpre-
dictable issues that may arise. To responsibly accelerate technologies for enabling future missions, NASA, through the 
Office of the Chief Technologist and the Exploration Research and Development programs, has created a portfolio that 
spans the technology readiness level (TRL) spectrum and balances mission-focused and transformational technology 
investments. NASA prioritizes this portfolio using the Space Technology Grand Challenges, a set of important space-
related problems that must be solved to efficiently and economically achieve NASA’s missions, and the Space Technol-
ogy Roadmap, an integrated set of 14 technology area roadmaps. This strategic goal addresses three categories of 
technology investments that will expand the NASA portfolio across the TRL spectrum. 

The first set of technology investments focuses on fostering early-stage innovation in which a multitude of concept 
technologies are developed through a process of idea generation, research, innovation, and experimentation. NASA 
learns valuable lessons from these early-stage activities, even when some of the technologies do not work as intended.  
NASA’s technology efforts through student grants, fellowships, and other opportunities to inspire innovators will help 
expand a future workforce and stimulate greater creativity in the Nation. 

The second category focuses on taking the best low-TRL technologies—those studied under the first category—and 
determining which of these “disruptive” innovations and technologies are viable through further technology develop-
ment, prototyping, experimentation, testing, and demonstrations. The goal of these technology activities is to validate 
whether or not substantial improvements in affordability, capability, or reliability are truly achievable for missions. 

The third type of technology investment supports technology development targeting near-term unique spacecraft or 
mission needs. Through focused studies, dialogue, and development activities across NASA, as well as with aca-
demia and industry, these technology activities will provide improved future technologies that are closely aligned with 
known requirements. Building a comprehensive portfolio with both near- and long-term development activities will allow 
NASA to discover and advance high-payoff technologies that may fundamentally change the way humankind lives and 
explores.

Benefits

The Nation’s economic competitiveness is due in large part to decades of investment in technology and innovation.  
Since NASA’s inception, it has used innovative technology development programs to generate new science, exploration, 
and aeronautics capabilities. The Agency’s innovations have enabled missions, contributed to other government agen-
cies’ needs, cultivated commercial aerospace enterprises, and fostered a technology-based U.S. economy. NASA will 
continue this tradition. Aggressive technology investments for exploration and discovery missions will create a vibrant 
commercial space sector through the establishment of new markets in future technologies. The Agency will transfer 
developed technologies, processes, discoveries, and knowledge to the commercial sector through various means 
including licenses, partnerships, and cooperative activities. These transferred technologies will be used to create prod-
ucts, services, cascading innovations, and other discoveries to fuel the Nation’s economic engine and improve quality 
of life.

http://www.nasa.gov/offices/oct/home/index.html
http://www.nasa.gov/exploration/new_space_enterprise/research/index.html
http://www.nasa.gov/offices/oct/strategic_integration/grand_challenges_detail.html
http://www.nasa.gov/offices/oct/home/roadmaps/index.html
http://www.nasa.gov/offices/oct/home/roadmaps/index.html
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Implementation of a New Approach. Over the last decade, NASA’s technology development efforts have focused on 
incremental advances that enabled specific capabilities or missions. However, the increasing complexity and variety of 
challenges presented by current science, exploration, and aeronautics missions renders the incremental technology 
development model insufficient to meet mission needs. To enable NASA’s long-term mission success requires accept-
ing an aggressive technology development approach that has the potential to leap beyond the incremental successes 
and create new technologies that can dramatically improve Agency capabilities. With a willingness to dedicate funds to 
pure technology development, NASA is accepting a higher level of technology development risk related to unknown and 
unpredictable issues that may arise during the aggressive technology development process. 

NASA is addressing this risk by developing a diverse portfolio spanning the TRL spectrum, including near-term, mission-
focused technologies and longer-term, high-payoff transformational technologies that solve difficult space-related prob-
lems and together ensure mission success. Through implementation of such a sustainable, strategic approach toward 
technology development, NASA will address the immediate needs of its missions, foster an innovative culture within the 
Agency to meet long-term strategic goals, and contribute to the Nation’s technological competitiveness.

Risk to Achieving Strategic Goal 3

The Mars Entry, Descent and Landing Instrument (MEDLI) 
is visible at the middle left of the aeroshell/heatshield for 
the Mars Science Laboratory (MSL). Built by the Langley 
Research Center, MEDLI is actually made up of two kinds 
of instruments (with seven sensors of each kind) that are 
installed in 14 places on the spacecraft’s heat shield. The 
MEDLI instrumentation will measure heat shield temperatures 
and atmospheric pressures during the spacecraft’s high-
speed, extremely hot entry into the Martian atmosphere. The 
data will help engineers design future systems for Mars entry 
that are safer, more reliable, and lighter weight. (Credit: Lock-
heed Martin)

http://mars.jpl.nasa.gov/msl/
http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/centers/langley/home/index.html
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Outcome 3.1
Sponsor early stage innovation in space technologies in order to improve 
the future capabilities of NASA, other government agencies, and the aero-
space industry. 

The Office of the Chief Technologist (OCT) considers early-stage innovation—low technology readiness level (TRL) tech-
nology—to be the foundation of the development process. Investment in low-TRL technology increases knowledge and 
capabilities in response to new questions and requirements, and it stimulates creative new solutions to the challenges 
faced by NASA and the larger aerospace community.  

Investments in low-TRL projects, through partnerships with the public and private sectors, have historically benefited the 
Nation on a broad basis, generating new industries and spin-off applications and providing a cadre of new technology-
savvy innovators to fuel the Nation’s high-tech economy. 

Below are some of activities pursued and achievements made during FY 2011 for this outcome.

Exploring revolutionary concepts

Renewed NIAC exceeds target, spurs imaginative technologies

In 2011, NASA Innovative Advanced Concepts, or NIAC, selected 30 proposals for funding, exceeding its target of 10 
proposals by 300 percent. OCT chose the advanced concepts for study based on their potential to transform NASA’s 
future space missions, enable new capabilities, or significantly alter current approaches to launching, building, and 
operating space systems.  

The original NIAC program ran from 1998 to 2007. With NASA’s renewed emphasis on space technology development, 
NASA re-established NIAC in 2011 to fund early studies of visionary concepts with long term, challenging development 
goals. The new NIAC office allows proposal opportunities to be open to principal investigators or teams both internal 
and external to NASA.  

These first NIAC proposals included a broad range of imaginative and creative ideas, such as changing the course of 
dangerous orbital debris, developing a spacesuit that uses flywheels to stabilize and assist astronauts as they work in 
microgravity, using three dimensional printing to create a planetary outpost, and developing multiple innovative propul-
sion and power concepts needed for future space mission operations. Each award received approximately $100,000 for 
one year to advance the innovative space technology concept and to help NASA meet future mission requirements. For 
a complete list of the selected proposals, and more information about the program, visit http://www.nasa.gov/offices/
oct/early_stage_innovation/niac/2011_phase1_selections.html.

Tapping non-traditional sources through Centennial Challenges

The Centennial Challenge Program provides cash prize incentives to non-traditional sources for innovations of interest 
and value to NASA and the Nation by conducting prize purse competitions to achieve challenging technology perfor-
mance targets. NASA provides the prize purse while non-profit entities manage the competitions at no cost to NASA.  
These competitions expand the pool of innovators and stimulate effort from non-traditional sources to find solutions to 
technical challenges that support NASA’s missions in aeronautics and space. 

NASA and its partners have been conducting Centennial Challenges for a variety of technologies and capabilities since 
2006. In 2011, there were two Centennial Challenge competitions, summarized below.  

NASA awards historic Green Aviation prize

NASA has awarded the largest prize in aviation history—a Centennial Challenge created to inspire the development of 
more fuel-efficient aircraft and spark the start of a new electric airplane industry. The technologies demonstrated by the 
Comparative Aircraft Flight Efficiency (CAFÉ) Foundation Green Flight Challenge, sponsored by Google, may end up in 
general aviation aircraft, spawning new jobs and new industries for the 21st century. 

http://www.nasa.gov/offices/oct/home/index.html
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/index.html
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/2011_phase1_selections.html
http://www.nasa.gov/offices/oct/early_stage_innovation/niac/2011_phase1_selections.html
http://www.nasa.gov/offices/oct/early_stage_innovation/centennial_challenges/index.html
http://cafefoundation.org/v2/main_home.php
http://www.nasa.gov/topics/technology/centennial/index.html
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The Green Flight Centennial Challenge succeeded in 
advancing technologies in aircraft fuel efficiency and 
reduced emissions with cleaner renewable fuels and 
electric aircraft. Fourteen teams originally registered 
for the competition. Three teams successfully met all 
requirements and competed in September 2011 in 
the skies over the Charles M. Schulz Sonoma County 
Airport in Santa Rosa, California. Following remarks 
by NASA Acting Chief Technologist Joseph Par-
rish and CAFÉ Foundation President Brien Seeley, 
NASA awarded the first place prize of $1.35 million 
to Pipistrel-USA.com of State College, Pennsylvania, 
and second place prize of $120,000 to eGenius of 
Ramona, California.  

The winning aircraft had to fly 200 miles in less than 
two hours and use less than one gallon of fuel per 
occupant, or the equivalent in electricity. The first 
and second place teams, which were both electric-
powered, achieved about twice the fuel efficiency 
requirement of the competition, meaning they each 
flew 200 miles using a little over a half-gallon of fuel 
equivalent per passenger. 

Strong Tether prize remains elusive

NASA conducted the Strong Tether Challenge on August 12 as part of the 
2011 Space Elevator Conference. The Space Elevator Conference, sponsored 
by Microsoft, the Leeward Space Foundation, and the International Space 
Elevator Consortium has hosted the tether competition for five years and for 
this, the fifth year in a row, there was not a winner. Although no competitor has 
been able to claim the Centennial Challenge prize, over the years, the competi-
tors have developed increasingly stronger tethers as they discovered new and 
innovative methods for fabricating tethers with carbon nanotube technology.

The Strong Tether Challenge focuses material science technologies to create 
long, very strong cables (known as tethers) with exceptionally high strength-
to-weight ratio. Such tethers will enable advances in aerospace capabilities, 
including reduction in rocket mass, habitable space structures, tether-based 
propulsion systems, solar sails, and even space elevators. Dramatically stron-
ger and lighter materials are also revolutionizing the engineering of down-
to-earth structures like aircraft bodies, sporting good equipment, and even 
structures of bridges and buildings. This year, two competitors unsuccessfully 
tried for the Tether challenge’s $2 million prize purse.  

Maintaining a culture of innovation

NASA awards Center Innovation Funds

In 2011, NASA distributed funds among its 10 Centers to support more than 82 low-TRL, innovative technology initiatives 
that leverage Center talent and capability.  

The objective of the Center Innovation Fund is to stimulate and encourage creativity and innovation within the NASA 
Centers by funding activities that fall within the scope of NASA Space Technology or address a significant national need.  
Through the Center chief technologist, each Center conducted a competition to select projects. NASA scientists and 
engineers lead the projects, which are scored annually by OCT to guide follow-on funding distribution. 

The Pipistrel-USA Taurus G4 aircraft prepares to 
takeoff for the miles per gallon flight during the 
2011 Green Flight Challenge on September 27, 
2011. (Credit: NASA/B. Ingalls)

Carbon nanotubes, shown here, are long, 
hollow tubes formed from one-atom thick 
sheets of carbon. Individual nanotubes 
naturally align themselves into ropes. 
(Credit: NASA)

http://www.nasa.gov/offices/oct/early_stage_innovation/centennial_challenges/tether/index.html
http://www.microsoft.com/about/en/us/default.aspx
http://www.leewardspacefoundation.org/
http://www.isec.org/
http://www.isec.org/
http://www.nasa.gov/offices/oct/early_stage_innovation/innovation_fund/index.html
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Working with Small Business

The Small Business Innovation Research (SBIR) and the Small 
Business Technology Transfer (STTR) programs as imple-
mented by NASA provide an opportunity for small, high tech-
nology companies and research institutions to participate in 
NASA’s research and development efforts in key technology 
areas. These programs have produced innovative technolo-
gies for NASA missions, in accordance with NASA’s Strategic 
Plan, as well as commercial products for the betterment of 
humankind since the effort’s beginning in 1984.  

Awards help small business partners develop 
technologies

OCT exceeded its 2011 goal of infusing 24 percent of SBIR/
STTR technology programs funded from fiscal years 2004 
through 2008 into NASA projects by achieving 28 percent. 
During that time period, NASA initiated 766 projects, of which 
218 developed technologies that were:

•	 Infused	into	NASA	programs;	

•	 Adopted	for	use	in	future	missions;	

•	 Chosen	for	further	development	after	emerging	from	SBIR/STTR	Phase	I	and	Phase	II;	or	

•	 Were	otherwise	meaningfully	participating	in	NASA’s	projects	and	activities.		

The purpose of Phase I is to determine the scientific, technical, and commercial merit and the feasibility of the proposed 
innovation (only Phase I contractors are eligible for Phase II funding agreements). Successful completion of Phase I 
objectives is a prerequisite for consideration of a Phase II award. The purpose of Phase II is the development, demon-
stration, and delivery of the innovation.

During 2011, NASA selected 451 proposals from small business firms for Phase I awards and 213 proposals for Phase II 
awards. In addition, NASA selected 45 STTRs for Phase I awards and 27 for Phase II awards. NASA is executing 
Phase IIE options with 24 firms that have validated non-SBIR matching funds. Phase IIE options are intended to encour-
age the transition of Phase II contracts into Phase II opportunities by providing a cost share extension of Phase II 
contracts. Under this option, NASA will match non-SBIR/non-STTR investment from a NASA project, NASA contract, 
or third commercial investor. Maximum value and period of performance for Phase I and Phase II contracts and more 
information may be found at http://sbir.gsfc.nasa.gov/SBIR/SBIR.html. 

During FY 2011, award amounts have been increased: Phase I awards from $100,000 to $125,000, Phase II awards from 
$600,000 to $750,000, and the Phase IIE option from $150,000 to $250,000 with non-SBIR/STTR matching funds. This 
increase is within the March 2010 Small Business Administration authorization of a new threshold for SBIR awards. The 
authorization also introduced subtopics with a Technology Available (TAV) designation, which addresses the objective of 
using NASA intellectual property as a basis for the proposed innovation. Based on NASA’s Office of Inspector General 
recommendations, NASA has increased internal controls to help prevent waste, fraud, and abuse in the program. Addi-
tionally, NASA leveraged the Recovery Act investment, with its unprecedented accountability and transparency, to pilot 
these controls before moving them mainstream, in this year. These changes included additional training for contracting 
officer’s technical representatives (the civil servants who serve as liaisons between the government and the contractors 
and are responsible for authorizing contract expenditures) and proposal reviewers, virtual site visits for first time Phase II 
awardees, and increased documentation in contract files. 

Accelerating Space Technology research

Inaugural class of NASA Space Technology Research Fellows Selected

Space Technology Research Opportunities (ESI-STRO), which competitively select high risk, high payoff groundbreak-
ing research in advanced space technology. As part of NASA’s strategy to develop the technological foundation for 

SBIR contracts with Langley Research Center and satellite 
data from the Stennis Space Center allowed Colorado-based 
Terra Metrics, Inc., to develop a satellite imagery and terrain 
data product line that features in Google Earth, as well as 
a three-dimensional, terrain-rendering engine that enables 
synthetic vision solutions for aircraft, enhancing pilot’s situ-
ational awareness during flight. (Credit: Terra Metrics)

http://www.nasa.gov/offices/oct/early_stage_innovation/sbir_sttr/index.html
http://www.nasa.gov/offices/oct/early_stage_innovation/sbir_sttr/index.html
http://sbir.gsfc.nasa.gov/SBIR/SBIR.html
http://oig.nasa.gov/
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its future science and exploration missions, the Agency seeks graduate students who will be dedicated to performing 
innovative space technology research while building the skills necessary to become future technological leaders.

FY 2011 featured the selection and award of the inaugural class of NASA Space Technology Research Fellows. The 
Space Technology Research Grants Program awarded 80 graduate students fellowships to pursue master’s or doctoral 
degrees in relevant space technology disciplines at their respective institutions. Fellows will perform innovative space 
technology research while building the skills necessary to become future technological leaders.  

These and future fellows will provide the Nation with a pipeline of highly skilled engineers and technologists to improve 
U.S. competitiveness. The fellows will perform graduate student research on their respective campuses and at NASA 
Centers and nonprofit U.S. research and development laboratories.  For a list of fellowship recipients, their research 
institutions and their research topics, please visit http://www.nasa.gov/offices/oct/early_stage_innovation/grants/2011_
inaugural_class.html.

Outcome 3.1
Sponsor early-stage innovation in space technologies in order to improve the future capabilities of NASA, other 
government agencies, and the aerospace industry.

FY 2011 Performance Goal  FY 2011

Explore revolutionary aerospace concepts, with an initial research phase for preliminary assessment of a broad range of ideas, 
and a second phase for further development of the most promising concepts.

3.1.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Initiate 10 Phase I research efforts to explore revolutionary aerospace ideas.
None None None None

ST-11-1
Green

FY 2011 Performance Goal FY 2011

Provide cash prize incentives to non-traditional sources for innovations of interest and value to NASA and the Nation. 3.1.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Conduct at least two Centennial Challenge competitions. 7ESRT3
Green

8IPP06
Green

None None
ST-11-2
Green

FY 2011 Performance Goal FY 2011

Establish and maintain a culture of innovation at each of the 10 NASA Centers through the development of new Center ideas 
and technologies.

3.1.1.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Twenty innovative projects will be initiated across the NASA Centers.
None None None None

ST-11-3
Green

FY 2011 Performance Goal FY 2011

Increase the proportion of Small Business Innovation Research and Small Business Technology Transfer (SBIR/STTR) tech-
nologies successfully infused into NASA programs/projects.

3.1.1.4
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

At least 24 percent of the Small Business Innovation Research and Small Busi-
ness Technology Transfer (SBIR/STTR) Phase II technology projects awarded 
between 2004-2008 will be infused into NASA programs and projects.

None None None
10IPP07
Green

ST-11-4
Green

FY 2011 Performance Goal FY 2011

Increase the Small Business Innovation Research and Small Business Technology Transfer (SBIR/STTR) Phase III contracts 
initiated or expanded.

3.1.1.5
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

At least 40 of the Small Business Innovation Research and Small Business Tech-
nology Transfer (SBIR/STTR) technologies will be advanced to Phase III (received 
non-SBIR/STTR funding).

None None None
10IPP04
Green

ST-11-5
Green

FY 2011 Performance Goal FY 2011

Accelerate the development of push technologies to support the future space, science and exploration needs of NASA, other 
government agencies, and the commercial space sector.

3.1.1.6
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Select 100 NASA space technology research activities.
None None None None

ST-11-6
Green

http://www.nasa.gov/offices/oct/early_stage_innovation/grants/index.html
http://www.nasa.gov/offices/oct/early_stage_innovation/grants/2011_inaugural_class.html
http://www.nasa.gov/offices/oct/early_stage_innovation/grants/2011_inaugural_class.html
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Outcome 3.2
Infuse game changing and crosscutting technologies throughout the 
Nation’s space enterprise, to transform the Nation’s space mission 
capabilities. 

For a sustainable set of affordable programs that achieve longer-term goals, NASA requires a faster, more aggressive 
strategy for creating and applying new technologies. Without a robust effort that matures technologies and establishes 
their feasibility, the ideas and transformational concepts developed at a low technology readiness level (TRL) may not 
materialize into benefits for future NASA missions or the Nation’s economy. The Office of the Chief Technologist (OCT) 
bridges the gap between idea formulation and mission infusion to deliver improvements to future missions. OCT focuses 
on maturing mid-TRL technologies and proving the feasibility of advanced space concepts and technologies that may 
lead to entirely new approaches to space system design and operations, exploration, and scientific research. Through 
significant modeling, analysis, ground-based testing, and laboratory experimentation, OCT will mature technologies 
in preparation for potential system-level flight demonstrations within NASA itself or by other government agencies. 
Executing these challenging laboratory and space flight demonstrations requires creating technology projects with well-
defined milestones and schedules, developing facilities, laboratories, and flight test opportunities, fabricating materials, 
hardware, and software, developing and integrating technologies, and conducting demonstrations. 

Building Game-Changing Technology 

NASA’s Game Changing Technology (GCT) investments focus on maturing advanced space technologies that may lead 
to entirely new approaches for the Agency’s future space missions and solutions to significant national needs. 

In 2011, GCT released a Broad Agency Announcement for Unique and Innovative Technologies to enable revolution-
ary improvements to the efficiency and effectiveness of the Nation’s space capability and made selections for three 
awards. The GCT theme funded technology development work for a ground composite cryotank structural demonstra-
tion, a hypersonic inflatable aerocapture demonstration, and a low-density supersonic decelerator. Through significant 
ground-based testing and/or laboratory experimentation, GCT matures technologies in preparation for potential system 
level flight demonstration within OCT Crosscutting Capability Demonstrations, within other NASA mission directorates, 
or by other government agencies. GCT also developed 10 pre-competitive concept packages in areas including tether 
propulsion, avionics, power beaming, and horizontal launch. 

NASA selects program’s first demonstration missions 

Technology Demonstration Missions (TDM) demonstrate and infuse crosscutting, game changing space technologies. 
OCT released TDM’s inaugural Broad Agency Announcement on March 1, and received 47 space technology dem-
onstration proposals by June 24. On August 22, OCT selected three demonstration missions: a deep space atomic 
clock for space navigation and timing, a mission-capable solar sailing system that would not require a propellant, and 
a demonstration of next-generation optical communications. OCT selected these crosscutting flight demonstrations 
because of their potential to provide tangible, near-term products and infuse high-impact capabilities into NASA’s future 
space missions.  

The three funded space technology demonstra-
tion missions kicked off in September 2011. The 
projects incorporate all elements of the flight test 
demonstration, including test planning, develop-
ment of flight hardware, launch, ground operations, 
and post-testing assessment and reporting. The 
atomic clock and solar sail will be ready for flight 
in three years. The optical communications team 
anticipates it will take four years to mature their 
technology for flight. Each of the selected teams 
also will receive funding from partners who plan 
on using the technologies as part of future space 
missions. The Space Technology Program is cost 

A four quadrant, 65-foot (20-meter) solar sail 
system is fully deployed for testing in 2005. 
The design was another solar sail tested by 
L’Garde, Inc., the company that will be con-
ducting the solar sail demonstration mission 
for TDM. (Credit: NASA)

http://www.nasa.gov/offices/oct/home/index.html
http://www.nasa.gov/offices/oct/game_changing_technology/index.html
http://www.nasa.gov/offices/oct/crosscutting_capability/tech_demos/index.html
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sharing with the National Oceanic and Atmospheric 
Administration (NOAA) on the solar sail demonstration 
and with other programs in NASA’s Human Exploration 
and Operations (HEO) Mission Directorate on the space 
communications and navigation demonstrations. (Find 
out more about the selected space technology demon-
stration missions.)

By investing in high payoff, disruptive technology (or 
truly transformational technology) that American indus-
try does not have in hand today, like those selected for 
the first demonstration missions, NASA matures the 
technology required for its future missions while pro-
viding the capabilities and lowering the cost of space 
endeavors for other government agencies and industry.

New program provides flight opportunities

In FY 2011, the Flight Opportunities Program competi-
tively selected seven commercial space companies, six 
of which are small businesses, to provide commercial 
suborbital flight payload integration services. Through 
an open call to researchers from NASA, other govern-
ment agencies, industry, and academia for payloads 
seeking flights, the program selected 23 payloads: 15 
seeking parabolic flights, five seeking suborbital flights, 
and three seeking both.  The program flew 14 payloads 
in reduced gravity environment as part of flight cam-
paigns held in July, August, and September 2011.  

Researchers and students from at least 10 universities, four NASA Centers, and two industry payload providers flew their 
technology payloads in near-zero, lunar, and Mars gravity environments. The suborbital flight providers have resolved a 
number of technical issues, and have flown several tethered flights that would lead to eventual successful flights. The 
program flew technology payloads from the Federal Aviation Administration and NASA on a successful commercial 
suborbital test flight. 

The Flight Opportunities Program combines the FY 2010 Facilitated Access to the Space environment for Technology 
(FAST) and Commercial Reusable Suborbital Research (CRuSR) efforts previously managed by the Innovative Partner-
ship Program. The program provides flight opportunities for technology development, scientific research, and educa-
tion efforts in reduced-gravity environments, brief periods of weightlessness, and high-altitude atmospheric research.  
These flights are expected to reduce risks associated with emerging technologies and procedures and of overall space 
operations in future missions by demonstrating application in a relevant environment. The Flight Opportunities Program 
also helps foster the development of the commercial reusable suborbital transportation industry, an important step in 
the longer-term path that envisions suborbital reusable launch vehicles evolving to provide the Nation with much lower-
cost, more frequent, and more reliable access to orbital space.  

Hg Ion Clock in Hosted Payload

Iridium NEXT

CMD/TLM

Iridium 
Ground Network

Internet
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JPL
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Other IGS
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Led by the Jet Propulsion Laboratory, the Deep Space Atomic Clock 
(DSAC) team will collaborate with NASA’s Space Communications 
and Navigation office and the Office of the Chief Technologist to 
create an atomic clock for deep space navigation and radio science. 
Among the potential benefits would be improving clock stability 
of the next global positioning system (GPS) by 100 times. (Credit: 
NASA)

http:///www.noaa.gov/
http:///www.noaa.gov/
http://www.nasa.gov/directorates/heo/home/
http://www.nasa.gov/directorates/heo/home/
http://www.nasa.gov/offices/oct/crosscutting_capability/tech_demo_missions.html
http://www.nasa.gov/offices/oct/crosscutting_capability/tech_demo_missions.html
http://www.nasa.gov/offices/oct/crosscutting_capability/flight_opportunities/index.html
http://www.faa.gov
http://www.nasa.gov/offices/oct/crosscutting_capability/flight_opportunities/fast/index.html
http://www.nasa.gov/offices/oct/crosscutting_capability/flight_opportunities/fast/index.html
http://www.nasa.gov/offices/oct/partnership/index.html
http://www.nasa.gov/offices/oct/partnership/index.html
http://www.jpl.nasa.gov/
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Outcome 3.2
Infuse game changing and crosscutting technologies throughout the Nation’s space enterprise to transform the 
Nation’s space mission capabilities.

FY 2011 Performance Goal  FY 2011

Transition developed game changing technologies to the technology demonstration programs or directly to Mission Director-
ates for mission insertion.

3.2.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Initiate ten conceptual studies to define potential game changing development 
projects. None None None None

ST-11-7
Green

FY 2011 Performance Goal FY 2011

Mature technologies that enable small satellites to provide game changing capabilities for the government and commercial 
space sectors.

3.2.2.1
Green

FY 2011 Performance Goal FY 2011

Demonstrate small satellite capabilities with game changing and crosscutting potential for the government and commercial 
space sectors.

3.2.3.1
Green

FY 2011 Performance Goal FY 2011

Infuse game changing and crosscutting technologies into future NASA missions through flight or relevant environment demon-
strations.

3.2.4.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Select two candidate system level technologies that will provide new capabilities 
for future missions. None None None None

ST-11-10
Green

FY 2011 Performance Goal FY 2011

Perform sub-orbital, simulated zero-gravity and other space analog flight opportunities to develop and demonstrate emerging 
ideas and technologies.

3.2.5.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Select and fly technology payloads from NASA, other government agencies, in-
dustry, and academia using flight services procured from at least three commercial 
reusable suborbital and parabolic platform providers.

None None None None
ST-11-11

Green
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The purpose of mission-driven technology development is to 
meet unique near-term mission needs within technical, cost, 
and schedule goals. NASA is prioritizing the desired set of future 
technologies that will offer the most synergies and advancement 
of mission capabilities. The Agency is enabling advances and 
improved performance by furthering existing evolutionary tech-
nologies, as well as developing revolutionary new technologies. It 
also is balancing potential technology benefits with specific mis-
sion risks to establish the appropriate time frame to infuse each 
emerging technology.

NASA develops mission driven technologies to meet 
unique near-term mission needs

NASA’s Exploration Technology Development Program (ETDP) 
developed and demonstrated a number of technologies designed 
to enable science and exploration missions in FY 2011. 

Early in the fiscal year, the Radiation Assessment Detector (RAD) 
was delivered and integrated onto the NASA Science Mission 
Directorate’s Mars Science Laboratory rover, Curiosity. RAD will 
aid future human missions to Mars by providing information about 
the radiation environment on Mars and on the way to Mars. 

In February, ETDP launched the human-like Robonaut 2 hardware to the International Space Station (ISS) on STS-133. 
The 330-pound Robonaut 2 consists of a head and a torso with two arms and two dexterous hands. Engineers are 
monitoring how it operates in near microgravity, with the objective of using it as a robotic assistant that can work along-
side the crew. Currently Robonaut is confined to operations in the ISS’ Destiny laboratory. However, future enhance-
ments and modifications may allow it to move more freely around the interior or outside the complex.

Studying future technologies

In support of future technology activities, NASA issued Broad Agency Announcements for Cryogenic Propellant Storage 
and Transfer and Solar Electric Propulsion mission concept studies in May and June. NASA selected four companies 
in early August to perform Cryogenic Propellant Storage and Transfer mission concept studies. The concept studies 
will test and validate key capabilities and technologies required for future exploration elements such as large cryogenic 
propulsion stages and propellant depots. Solar Electric Propulsion mission concept studies will be selected in FY 2012.

Outcome 3.3
Develop and demonstrate the critical technologies that will make NASA’s 
exploration, science, and discovery missions more affordable and more 
capable.

RAD, shown prior to its installation, will monitor high-
energy atomic and subatomic particles from the Sun, 
distant supernovae, and other natural sources. These 
particles are natural radiation that could be harmful to 
astronauts on a Mars mission. This image shows the 
flight hardware with a red “remove before flight” cover 
on top of the instrument’s telescope. (Credit:  NASA/
JPL-Caltech/SwRI)

http://www.nasa.gov/directorates/esmd/aboutesmd/acd/technology_dev.html
http://mars.jpl.nasa.gov/msl/mission/instruments/radiationdetectors/rad/
http://mars.jpl.nasa.gov/msl/
http://robonaut.jsc.nasa.gov/ISS/
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts133/main/index.html
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Outcome 3.3
Develop and demonstrate the critical technologies that will make NASA’s exploration, science, and discovery 
missions more affordable and more capable.

FY 2011 Performance Goal  FY 2011

Demonstrate robotic technologies that support in-space operations, scientific discovery, and work as assistants with the crew. 3.3.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Launch Robonaut 2 to the ISS and demonstrate teleoperation from the ground.
None None None None

ERD-11-7
Green

FY 2011 Performance Goal FY 2011

Develop advanced spacesuits to improve the ability of astronauts to conduct Extra-Vehicular Activity (EVA) operations in 
space including assembly and service of in-space systems and exploration of surfaces of the Moon, Mars, near-Earth objects 
(NEOs), and other small bodies.

3.3.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Test breadboard Extra-Vehicular Activity (EVA) Portable Life Support System 
(PLSS) technologies to enable advanced spacesuits for human deep space 
exploration.

None
None

9AC14
Green

None
ERD-11-8

Green
9AC6
Green

8CS06
Yellow

9CS5
Red

FY 2011 Performance Goal FY 2011

Develop technologies and mission concepts for demonstrating in-space cryogenic propellant storage and transfer making 
exploration and science missions more affordable and capable.

3.3.2.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop and test Liquid Acquisition Devices (LADs) and mass-gauging to sup-
port future Cryogenic Propellant Storage And Transfer (CRYOSTAT) missions. None None None None

ST-11-12
Green
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Outcome 3.4
Facilitate the transfer of NASA technology and engage in partnerships with 
other government Agencies, industry, and international entities to generate 
U.S. commercial activity and other public benefits. 

While technology and innovation are critical to accomplishing NASA’s missions, it also benefits the U.S. economy 
through transfer of new technologies for other applications. NASA makes a determined effort to transfer technologies 
outside of the Agency and to develop technology partnerships. NASA’s technology investments support advance-
ment in key research areas, fuel rapid improvements in mission capabilities, foster a robust industrial base, improve 
the Nation’s competitive position in the international marketplace, enable new industries, improve quality of life, and 
contribute to economic growth. 

NASA seeks partnerships and cooperative activities with the emerging commercial space sector. Three key themes 
underscore this effort: considering the private sector as an investment partner and sharing the cost of developing a 
capability;	purchasing	services	rather	than	hardware	when	possible;	and	fostering	the	creation	of	broader	opportunities	
for innovation. Pursuing these partnership themes brings direct value to NASA’s current and future missions, advances 
the interests of the partners, and encourages additional commercial space development. In addition to partnership 
strategies, NASA seeks to transfer its technologies directly to other government agencies, the national aerospace 
industry, and the broader U.S. commercial sector. NASA-spurred advances in energy, communication, health, materials 
science, and other fields generate spinoff applications that benefit the Nation. The Agency has established a core team 
at each Center charged with technology transfer, licensing, and new partnership development, and these teams work 
closely with scientists and engineers to match NASA technologies with the needs of external organizations.  

Guided by the Office of Chief Technologist (OCT), the Innovative Partnerships Office has a dual role: to seek partner-
ships that can leverage technologies, expertise, and capabilities to advance NASA’s missions and to provide access 
to NASA resources including intellectual property that will benefit the United States through economic growth and 
improved quality of life. To achieve these two complementary objectives, NASA technology transfer professionals work 
closely with NASA Center scientists, engineers, and software developers to foster commercial application of NASA’s 
wide spectrum of research and technology development. As noted in the annual NASA Spinoff publications (http://
www.sti.nasa.gov/tto/), partnerships forged between NASA and others with shared vision and objectives have saved 
hundreds of lives, created thousands of jobs, provided millions of dollars in cost avoidance, and generated millions of 
dollars in revenue.  More about the Agency’s technology transfer activities also is available on NASA’s Open Government 
Initiative site at http://www.nasa.gov/open/plan/technology-transfer.html.

In FY 2011, NASA executed over 292 Space Act Agreements, signed 562 Software Use Agreements, filed 101 Patent 
applications, signed 31 invention licenses, and made 1,335 invention disclosures. These measures are tracked in the 
NASA Technology Transfer System (NTTS).  

Documenting successful technology transfers

NASA missions have given the world extraordinary new knowledge about our planet and the universe. Sometimes, they 
have even challenged what we think we know. Along the way, the technologies and capabilities NASA has developed 
to enable those missions have transformed life on Earth.

Since 1976, NASA has provided evidence of its technology transfer successes using its annual Spinoff publication to 
document examples of private sector companies developing products and services derived in part or in full from NASA 
technologies and other resources. In Spinoff, NASA highlights some of the most recent of these societal benefits gener-
ated by aeronautics and space missions. The outcomes of these partnerships have reached throughout the economy 
and around the globe, as the resulting commercial products contributed to the development of services and tech-
nologies in the fields of health and medicine, transportation, public safety, consumer goods, environmental resources, 
computer technology, and industry.

http://www.nasa.gov/offices/oct/home/index.html
http://www.nasa.gov/offices/oct/partnership/index.html
http://www.sti.nasa.gov/tto/
http://www.sti.nasa.gov/tto/
http://www.nasa.gov/open/plan/technology-transfer.html
http://www.sti.nasa.gov/tto/index.html
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This year’s issue of Spinoff featured 43 stories of successful NASA technology 
transfer (including 21 articles about Small Business Innovative Research (SBIR)-
developed technologies). This year’s publication spans a remarkable field of inno-
vations, including the following stories:

Bioreactors drive advances in tissue engineering

Johnson Space Center innovators created a rotating wall bioreactor that mimics 
microgravity conditions, allowing for healthier, more natural-forming cell cultures. 
Licensed to Synthecon, Inc., of Houston, the technology now enables drug devel-
opment and medical research into treatment for conditions such as diabetes and 
cancer.

Protein innovations advance drug treatments, skin care

While at Marshall Space Flight Center, Dan Carter and colleagues mapped 
the atomic structure of albumin, an important blood protein, for the first time. 
Carter formed New Century Pharmaceuticals of Huntsville, Alabama, to build on 
this achievement, resulting in new skin care products and platforms for cancer 
treatment.

High-pressure systems suppress fires in seconds

By applying principles from a new kind of rocket engine—
developed by Orbital Technologies Corporation of Madi-
son, Wisconsin, under SBIR contracts with Marshall Space 
Flight Center—to fire hose nozzles, company subsidiary 
HMA Fire improved the performance of its ultra- high pres-
sure fire suppression systems, which extinguish many fires 
in significantly less time and using less water than traditional 
systems.

Retrofits convert gas vehicles into hybrids

Working with Glenn Research Center through the NASA Illi-
nois Commercialization Center, NetGain Technologies LLC 
of Lockport, Illinois, developed a retrofit system for convert-
ing gas-powered vehicles to gas-electric hybrids. The part-
nership also resulted in a line of electric motors for vehicles 
marketed by NetGain Motors, Inc., the production of which 
supports over 100 jobs at the company’s manufacturing 
facility.

Coating processes boost performance of  
solar cells

While working on Glenn Research Center-funded projects, 
scientist Maria Faur invented a process for coating solar 
cells that both significantly reduces production costs and increases cell efficiency. Faur’s company, North Olmstead, 
Ohio-based SPECMAT, Inc., has licensed the process to a company that believes it could revolutionize the solar energy 
industry.

Controller chips preserve microprocessor function

To develop controller technology for a variety of missions, Marshall Space Flight Center partnered with a San Diego-
based company, Space Micro, Inc., through the SBIR program. Today, the technology is embedded in the company’s 
entire series of high-performance, radiation-hardened computers for space. The company has expanded from four 
employees at the beginning of its NASA partnership to 43 today, growing from a $1 million to a $8 million company.

These benefits and myriad additional benefits are visible in our everyday lives in a wide array of applications, and the 
serve as a testament to NASA’s ingenuity and success in transferring space technologies back down to Earth.

Work in higher-powered, lower-cost, versatile, and even 
reusable vortex hybrid rocket engines that effectively 
manage ultra-high pressure flows resulted in a new low 
volume, high-pressure fire suppression system. In one test, 
this system extinguished a standard fire in 80 percent less 
time and with six percent less water than standard methods. 
(Credit: Orbital Technologies Corporation)

NASA experiments with protein 
crystal growth in space led to the 
first-ever synthetic albumin for drug 
delivery and a unique line of skin-
care products. (Credit: New Century 
Pharmaceuticals)

http://www.sti.nasa.gov/tto/index.html
http://www.nasa.gov/centers/johnson/home/index.html
http://www.synthecon.com/
http://www.orbitec.com/
http://www.nasa.gov/centers/marshall/home/index.html
http://www.nasa.gov/centers/marshall/home/index.html
http://www.nasa.gov/centers/glenn/home/index.html
http://www.netgaintechnologiesllc.com/
http://www.nasa.gov/centers/glenn/home/index.html
http://specmat.com/
http://www.nasa.gov/centers/marshall/home/index.html
http://www.spacemicro.com/
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Managing NASA’s technology portfolio

National Academies evaluating NASA’s space technology roadmaps

In FY 2011, NASA developed a set of 14 space technology roadmaps and engaged the National Academies to review 
the roadmaps and evaluate the balance of near-term mission-focused technology and longer-term transformational 
technology.  

The Aeronautics and Space Engineering Board (ASEB) released an interim report on their review of NASA’s draft Space 
Technology Roadmaps. In early 2012, the steering committee will conclude with a final report, which will provide spe-
cific guidance on how technology development funded by the Space Technology program can enhance the Agency’s 
space science and exploration capabilities. For more information on the evaluation, visit ASEB’s site at http://sites.
nationalacademies.org/DEPS/ASEB/DEPS_059552.

Tracking NASA’s technologies

NASA must capture the investments in space technology and make them available for strategic coordination internally 
and accessible to industry, academia, and international partners to further cultivate technological innovation and entre-
preneurship in the commercial space sector. Consistent with this objective, NASA is developing a Technology Portfolio 
Tracking System with the capability to document, coordinate, and prioritize Agency-level technology strategic invest-
ments to ensure a balanced portfolio of both near-term NASA mission technologies and longer-term transformational 
technologies that benefit both Agency programs and national needs. The system will enable NASA to further prioritize 
the NASA Technology Portfolio investments against the Space Technology Roadmaps and the Space Technology 
Grand Challenges, as well as mission directorate needs.

The NASA Technology Portfolio Tracking System will provide an integrated, dynamic, Web-accessible interface allow-
ing both internal and public engagement, and tracking of NASA technology investments through their life cycles, from 
proposal through project and product development. Its concept and development leverages the best practices, features 
and baseline knowledge of previously developed database systems. The system will store value-added information 
about NASA’s technology investments, track technologies through various stages of maturity and facilitate mapping 
technologies to projects for management and accountability. This fiscal year, NASA planned to award a contract to 
develop the database system in time to see it completed by the end of the year, but due to delays in funding that resulted 
from the continuing resolutions, the award was not made until late summer. NASA expects to complete this work in 
FY 2012, and by the end of the fiscal year, the system should hold about 75 percent of the NASA technology portfolio 
programs’ data.

http://www.nasa.gov/offices/oct/home/roadmaps/index.html
http://sites.nationalacademies.org/DEPS/ASEB/index.htm
http://sites.nationalacademies.org/DEPS/ASEB/DEPS_059552
http://sites.nationalacademies.org/DEPS/ASEB/DEPS_059552
http://www.nasa.gov/offices/oct/strategic_integration/grand_challenges_detail.html
http://www.nasa.gov/offices/oct/strategic_integration/grand_challenges_detail.html
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Outcome 3.4
Facilitate the transfer of NASA technology and engage in partnerships with other government agencies, industry, 
and international entities to generate U.S. commercial activity and other public benefits.

FY 2011 Performance Goal  FY 2011

Establish 12 technology-related significant partnerships that create value for programs and projects. Track both quantitative 
dollar value and qualitative benefits to NASA (e.g., reduced volume or mass, improved safety) per year.

3.4.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Establish at least 12 technology-related significant partnerships during FY 2011. 7IPP!
Green

8IPP01
Green

9IPP1
Green

None
ST-11-13

Green
FY 2011 Performance Goal FY 2011

Complete 30 technology transfer agreements with the commercial and academic community through such mechanisms as 
licenses, software use agreements, facility use agreements, and Space Act Agreements per year.

3.4.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete at least 30 technology transfer agreements during FY 2011. 7IPP2
Green

8IPP2
Green

9IPP2
Green

None
ST-11-14

Green
FY 2011 Performance Goal FY 2011

Successful application of Small Business Innovation Research and Small Business Technology Transfer (SBIR/STTR) technolo-
gies into commercial products or services.

3.4.1.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Greater than 35 percent of the Small Business Innovation Research and Small 
Business Technology Transfer (SBIR/STTR) Phase II technology projects awarded 
between 2004-2008 will be transferred into commercial products or services.

None None None
10IPP04
Green

ST-11-15
Red

Why NASA rated APG ST-11-15 Red: Based on NASA’s current measurement method, NASA determined that it awarded 23.7 percent of 
SBIR/STTR projects (182 of 766) between 2004 and 2008 and had extended them past Phase II. NASA believes the numbers of commer-
cialization successes are greater than the current methods indicate. To achieve commercialization, these projects used either NASA Phase 
III funds or an alternative source of non-NASA funding to develop the technology. Commercialization is a metric broadly defined by the SBA 
as a measure of the ability of SBIR/STTR contractors to successfully receive non-SBIR/STTR revenues for broad market, as well as other 
government applications, for technologies they developed under the SBIR/STTR programs. At NASA, this is defined as the sum of technol-
ogy “infused” into NASA programs (metric 3.1.1.4), procured by other government agencies, and/or used in the commercial marketplace. 
The collection of non-NASA applications for this metric requires the voluntary sharing of information by SBIR/STTR contractors with NASA 
personnel. NASA continues to consider alternative methods of data collection that will lead to increasing accuracy in the measurement of 
commercialization successes. (See page 157 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Document 40-50 of the most notable examples of successful transfer and commercialization of NASA-derived technology per 
year and publish in Spinoff annually.

3.4.1.4
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Document at least 40 notable technology transfer successes in NASA's Spinoff 
publication. None None None

10IPP01
Green

ST-11-16
Green

FY 2011 Performance Goal FY 2011

Document, coordinate, and prioritize Agency-level technology strategic investments to ensure NASA has a balanced portfolio 
of both near-term NASA mission (pull) technologies and longer-term transformational (push) technologies that benefit both 
Agency programs and national needs.

3.4.1.5
Green
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Strategic Goal 4Advance aeronautics research  
for societal benefit.

As an industry, aviation contributes 1.3 trillion dollars to the 
Nation’s economy and is responsible for ten million jobs in avi-
ation related fields. Airlines in the U.S. transport over one mil-
lion people daily, but during peak travel times the air traffic and 
airport systems in the United States are stretched to capacity. 
Environmental concerns, such as aircraft noise and emissions, 
limit increased operations and the expansion of airports and 
runways. NASA’s Aeronautics Research Mission Directorate 
(ARMD) works to solve these critical challenges that affect the 
nation’s air transportation system and growth of the economy, 
while improving safety of the system that is already the safest 
mode of transportation. 

ARMD’s four research programs conduct cutting-edge 
research at the fundamental levels and integrated systems 
levels to address these national challenges. That research 
supports current and emerging applications, as well as revolu-
tionary concepts and technologies that could one day change 
the face of air transportation. ARMD’s research portfolio is 
well aligned with the principles, goals, and objectives of the 
National Aeronautics Research and Development (R&D) Policy 
and Plan and directly supports the development of the Next 
Generation Air Transportation System, or NextGen. (Read 
more about NextGen plans at the Federal Aviation Administra-
tion (FAA) Web site http://www.faa.gov/nextgen/.)

ARMD’s research is also enabled by its Aeronautics Test Program (ATP), which provides critical support to NASA’s 
infrastructure needs (see Strategic Goal 5). ATP manages and makes strategic investments in the NASA-owned state-
of-the-art ground test facilities and flight research assets to ensure ready access by NASA programs, other Federal 
agencies, and the private sector to test and evaluate research concepts and technologies.

ARMD fosters strong partnerships with other Government agencies, especially FAA and the Department of Defense 
(DoD). As a member agency of the multi-agency Joint Planning and Development Office (JPDO), NASA and partner 
agencies plan and coordinate the development of concepts and technologies required for NextGen.

Benefits

NASA’s aeronautics research program is the Nation’s most comprehensive civil aeronautics research and development 
effort. This technological superiority is a key enabler for the U.S. industry to continue its position as the world leader in 
the aviation sector that has been bringing a positive trade balance of over $40 billion per year. The NASA-developed 
technologies are the DNA of almost all of the civil and military aircraft the U.S. aerospace industry has developed and 
marketed to date. NASA Aeronautics continues its tradition of developing and transferring innovative capabilities and 
technologies to U.S. industry and other government agencies, which in turn result in highly competitive U.S. products 
and superior capabilities that create and sustain high-technology, high-paying jobs boosting the U.S. economy. In the 
past couple of years, the U.S. aviation industry introduced highly competitive new aircraft and engine products into the 
global market. Below are a few examples of successful technology transfer NASA has made to the U.S. industry and to 
other government agencies.

This graphic shows conceptual aircraft 
designs developed in the Advanced Vehi-
cle Concepts studies. The purpose of the 
studies was to analyze potential configura-
tions and technologies designed to simul-
taneously reduce noise, emissions and fuel 
burn. (Credit: NASA)

http://www.aeronautics.nasa.gov/
http://www.aeronautics.nasa.gov/
http://www.globalspaceexploration.org/home
http://www.globalspaceexploration.org/home
http://www.faa.gov/nextgen/
http://www.aeronautics.nasa.gov/atp/index.html
http://www.faa.gov/
http://www.defense.gov/
http://www.jpdo.gov/
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NASA purposely pursues very challenging and high payoff aeronautics research goals to bring about revolutionary 
advancement, not incremental improvement, in technologies and concepts. With inherently high-risk research, the 
potential for not meeting any specific research metric is always present. NASA is still committed to performing such 
research, and seeks to ensure that our research—even for those cases where the intended results were not achieved—
provides valuable knowledge. These risks are mitigated by making certain that NASA’s work is relevant to national 
needs, closely coordinating and collaborating with external partners, and ensuring technical excellence and rigorous 
technical and program management.

Risk to Achieving Strategic Goal 4

Results from ARMD’s fundamental research into high efficiency, low emissions combustion and light, high-temperature 
materials for jet engines from the 1990s and early 2000s have been incorporated by U.S. jet engine manufacturers, 
Pratt & Whitney (P&W) and General Electric (GE) in their next-generation aircraft engines (the Geared Turbofan (GTF) 
Engine and the LEAP-X engines, respectively). These engines feature more than 15 percent reduction in fuel burn and 
harmful emissions, and these competitive edges enabled P&W and GE to dominate the two global engine replacement 
programs: Boeing 737 MAX and the Airbus A320NEO. In the case of P&W, all new Bombardier C-Series and Mitsubishi 
Regional Jet selected the GTF engine as their launch product. As noted in the May 30, 2011, issue of Time magazine, 
job-creation associated with the P&W GTF engine is estimated to be in the hundreds of jobs per year in the high-paying 
manufacturing sector. The same competitive edges these engines present in decreased fuel burn, reduced emissions, 
and lower noise will directly benefit the flying public and communities adjacent to the Nation’s airports helping to ensure 
the long-term viability of the U.S. air transportation system.

By addressing a current problem and making a timely transfer of the needed technology, we are helping our critical 
government partner for NextGen, FAA, to realize benefits in near term applications. NASA developed the Ground Delay 
Program (GDP) that combines National Weather Service real-time data with Air Traffic Control departure scheduling. 
FAA along with NASA’s support conducted trials of this new capability at San Francisco Airport (SFO) this summer and 
demonstrated a significant reduction in ground delays due to morning fog compared with the current ground delay 
policy at SFO, which often leads to excessive and unrecoverable delays affecting the entire country.

NASA has open-sourced key data mining software for analyzing flight data recorder output through a collaborative 
Web site with over 300 members, known as DASHlink. Southwest Airlines (SWA) acquired sequenceMiner and Orca, 
two advanced anomaly detection techniques, through DASHlink. Early application of these techniques to data from 
7200 SWA flights uncovered flight anomaly events that were not detected by SWA’s existing analysis methods.  Events 
flagged by these software tools are being added to SWA’s daily operations review to improve operational performance.  
Southwest Airlines plans to incorporate these software tools into daily use to better manage their fleet of 305 planes that 
fly over 1,600 flights per day.  

ARMD collaborates with universities for conducting cutting-edge, fundamental research with a built-in support for the 
science, technology, engineering and mathematics (STEM) education. For example, ARMD’s NASA Research Announce-
ments (NRAs) make significant investment in university research, which encourages participating undergraduate and 
graduate students to work with NASA researchers and its industry partners. NASA Aeronautics Scholarship Program 
also provides tuition support and funds student recipients to spend a summer working with NASA researchers at NASA 
Research Centers. These direct interactions and hands-on experience have been helping to inspire students toward 
future careers in the STEM professions.   

http://www.pw.utc.com/
http://www.geaviation.com/
http://www.fly.faa.gov/Products/AIS_ORIGINAL/shortmessage.html
http://www.fly.faa.gov/Products/AIS_ORIGINAL/shortmessage.html
http://c3.nasa.gov/dashlink/
http://www.aeronautics.nasa.gov/nra.htm
http://www.aeronautics.nasa.gov/nra.htm
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Outcome 4.1
Develop innovative solutions and advanced technologies through  
a balanced research portfolio to improve current and future air 
transportation.

NASA, through the Aeronautics Research Mission Directorate (ARMD), plays a key role in the discovery and develop-
ment of the innovative solutions and advanced technologies required for the Next Generation Air Transportation System 
(NextGen). This includes pursuing technologies that are in their infancy today, developing the knowledge necessary to 
design radically new aviation systems, and enabling efficient, high-confidence design and development of revolutionary 
vehicles. These improvements must take place without compromise to the current safety record of the aviation industry. 

Each of ARMD’s fundamental aeronautics research programs contribute significantly in addressing the challenges of 
the current and future air transportation system. Below are summaries of their major contributions to this outcome for 
FY 2011.

Developing advanced technologies to improve air transportation system safety

The extremely high safety record of the National Airspace System (NAS) is a credit to the on-going vigilance of operators, 
manufacturers, and regulators and past investments in technology.  But even with very low accident rates, the United 
States always strives to improve this record, and NASA contributes to this continuous improvement through innovation 
to meet the remaining and emerging safety challenges. ARMD’s Aviation Safety Program develops innovative algo-
rithms, tools, concepts, and technologies that will improve the safety attributes of current and future aircraft operating 
in the NAS, identify and control emerging hazards, and overcome aircraft safety-related barriers that could impede full 
realization of NextGen.

NASA explores damage-tolerant materials to improve aircraft safety

This fiscal year, researchers in the Aviation Safety Program successfully demonstrated self-healing concepts to mitigate 
damage in aircraft structural elements, helping to improve aircraft safety. 

Initiation and propagation of damage generally results in failure of aircraft structural components. Additionally, typical 
structural repairs often result in damaging practices, where material is ground away and holes are drilled to secure 
patches, which can act as new sites for damage. The proposed self-healing system provides a non-intrusive means to 
mitigate damage and is a significant foundation for future self-healing systems.

Demonstration results have shown the ability to mitigate fatigue crack spread in metals and to mitigate the effects of 
impacts on compressive strength in composites. For metals, a heat-activated self-healing material is drawn into fatigue 
cracks.  The material successfully reduced the crack tip driving force of two aerospace materials (aluminum and titanium 
alloys), dramatically slowing the spread of the crack. For composites, the program developed a carbon fiber reinforced 
composite with a commercially available thermoplastic resin, which self-heals after ballistic impact and through-pene-
tration. A healing effect was demonstrated in the developed composite materials by heating these materials under pres-
sure. These capabilities suggest that a healing system can be scaled up to provide self-healing to damaged structural 
aircraft components.

Work supporting this research and other program accomplishments was done in close cooperation with the program’s 
many partners from industry, academia, and other Federal agencies. The program also published numerous technical 
papers, gave presentations at conferences, and worked with partners to transfer key technologies. 

Developing innovative solutions and technologies to enable the NextGen

The Airspace Systems Program addresses the fundamental air traffic management research needs of increasing capac-
ity, improving efficiency, and reducing the environmental impact of aviation in NextGen in collaboration with its partners 
in government, industry, and academia.  The program works to directly benefit the flying public by moving key concepts 
and technologies from the laboratory into the field to facilitate the transfer of technology to end users.  Concept simula-
tions and field trials in real flight environments of NASA developed technologies have demonstrated the potential annual 
savings of tens of millions of dollars to airspace users through reduction in flight delays and fuel usage.  

http://www.aeronautics.nasa.gov/
http://www.aeronautics.nasa.gov/programs_avsafe.htm
http://www.aeronautics.nasa.gov/programs_asp.htm
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NASA continues research to improve air traffic manage-
ment to make air travel more efficient for the benefit of the 
flying public

Researchers in the Airspace Systems Program conducted work in tools 
and methods for in-flight “flow-based trajectory management” in the 
NextGen. Flow-based Trajectory Management (FBTM) is a process for 
solving local airspace problems by modifying flight paths, or trajecto-
ries, of one or more aircraft. These operations provide a practical way 
to maintain efficient operations in the face of changing local and down-
stream conditions. Solving the technical challenge of managing in-flight 
trajectories that extend beyond currently available planning horizons 
provides one step toward accommodating increasing capacity in the 
airspace.

The concept of FBTM has evolved through a series of studies that 
began in 2006 and culminated this year in a study completed by the joint 
NASA–Federal Aviation Administration (FAA) FBTM Research Transition 
Team (RTT). NASA uses the joint agency RTT to conduct research and 
field-trials to accelerate acceptance of new air traffic management pro-
cedures. For the study, the RTT modified current air traffic management 
procedures to distribute FBTM responsibilities within a “planning team” 
comprised of traffic management and area supervisors. 

The study demonstrated that FBTM is an effective method for man-
aging future aircraft operations. The RTT successfully managed air 
traffic levels 30 percent greater than today’s level. FBTM also can be 
integrated effectively into today’s operations without additional resources. The RTT provided simulation results and 
tool requirements to FAA as technology transfer to inform FAA acquisition planning.  The results also inform 10 out 
of 50 Operation Improvements as described in the FAA’s NextGen Implementation Plan (released March 2011 and 
available at http://www.faa.gov/nextgen/media/ng2011_implementation_plan.pdf). The study is an example of suc-
cessfully transitioned research results from NASA to FAA and government collaboration using the RTT model. Read 
more about the study in a paper produced by the Joint Planning and Development Office: http://www.jpdo.gov/
library/20110712_JPDO_Paper_FBTM_Result_v1.4.pdf.

Developing tools, technologies, and knowledge that improve performance and new 
capabilities for future air vehicles

The Fundamental Aeronautics Program seeks to enable a future where a variety of advanced aircraft improve the flex-
ibility, efficiency, and environmental impact of air travel by developing tools, advanced technologies, and scientific knowl-
edge necessary for the design of new types of vehicles. The program conducts research on topics such as advanced 
vehicle configurations and concepts, lighter, stronger materials and structures, fuel efficient and less polluting propulsion 
systems, advanced concepts for increasing lift and reducing drag, advanced computational tools and capabilities, and 
modeling and simulation for efficient future air vehicle design.     

Advances in future air vehicles demand environmentally sensible and innovative aeronautics technologies and concepts 
that demonstrate significantly better performance and higher fuel efficiencies, and reductions in noise and emissions 
across different flight regimes, such as subsonic, supersonic, and hypersonic.  The Fundamental Aeronautics Program, 
through its four projects—Subsonic Fixed Wing, Subsonic Rotary Wing, Supersonics, and Hypersonics—conducts in-
house foundational and cross-cutting research across a broad range of research topics to meet these technology goals.  

NASA studies methods to enable advances in future vehicles

In FY 2011, researchers completed and validated the second generation of a multi-disciplinary analysis and design 
toolset used to evaluate the trades between noise, emissions, and performance of future subsonic fixed wing aircraft. 
Predictions of both conventional (e.g., a Boeing 737-800 used for commercial transportation) and unconventional (e.g., 
a hybrid wing body) aircraft performance—noise, emissions, fuel-burn, takeoff and landing performance, and aircraft 
weight—compared well to second generation validation targets. These new tools are used to develop new configura-
tions and assess the introduction of new technologies that allow significant improvements in performance for future 

The NASA Ames Airspace Operations Labora-
tory is a high-fidelity simulation environment for 
prototyping and testing advanced air traffic man-
agement concepts. The laboratory provided the 
environment to develop the FBTM tools, which 
support situation assessment (e.g., load tables, 
load graphs, traffic display with weather and fil-
ters), multi-trajectory trial planning, and ground-
to-ground coordination of plans and clearance 
requests. These tools can be configured for traffic 
management units, multi-sector planning, or area 
supervisor positions. (Credit: NASA)

http://www.faa.gov/nextgen/media/ng2011_implementation_plan.pdf
http://www.jpdo.gov/library/20110712_JPDO_Paper_FBTM_Result_v1.4.pdf
http://www.jpdo.gov/library/20110712_JPDO_Paper_FBTM_Result_v1.4.pdf
http://www.aeronautics.nasa.gov/fap/index.html
http://www.aeronautics.nasa.gov/fap/sfw_project.html
http://www.aeronautics.nasa.gov/fap/srw_project.html
http://www.aeronautics.nasa.gov/fap/sup_project.html
http://www.aeronautics.nasa.gov/fap/hyp_project.html
http://humansystems.arc.nasa.gov/groups/AOL/
http://humansystems.arc.nasa.gov/groups/AOL/
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aircraft. These tools also are used to help guide future research to help select and develop the technologies that will 
have the most impact on an integrated design.

NASA research in subsonic rotary wing focuses on speed and range increases, payload capacity, noise reduction, 
propulsive efficiency, and rotorcraft unique technologies to enable development of new configurations that enhance 
mobility of the future air transportation system. This includes maturing technologies—e.g., technologies related to icing, 
crashworthiness, condition based maintenance, low noise flight operations, damage mitigation—needed for civil, com-
mercial operations. 

In FY 2011, researchers focused on developing methodologies to certify crashworthy designs by analysis, which mini-
mizes the need for costly full-scale testing. The program used test data obtained from full scale crash tests of a MD-500 
helicopter, conducted in December 2009 and March 2010, to calibrate and validate finite element models that contained 
detailed representations of airframe, seats, occupant, and external energy absorbers. Results and comparisons were 
very encouraging: the models predicted the pilot floor acceleration response within ±10 percent of the target. 

The significance of this result is that survivability envelopes for a range of velocities, attitudes, and terrains can be 
developed from both tests and system-integrated models with a higher degree of confidence. As the technology evolves 
to efficiently incorporate more modeling and simulation into the design process, next generation rotorcraft will contain 
more crashworthy features without sacrificing weight and performance.

The images at left show a comparison 
between a full-scale MD-500 helicopter 
crash test (right) and a finite-element 
model representation of the same 
event. NASA used test data from instru-
mentation and video photogrammetry 
to calibrate and validate the finite ele-
ment models. (Credit:  NASA)

The figure on left is a conven-
tional tube and wing aircraft 
configuration and the figure 
on the right is an unconven-
tional aircraft configuration 
such as a hybrid wing body. 
(Credit: NASA)
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Outcome 4.1
Develop innovative solutions and advanced technologies through a balanced research portfolio to improve cur-
rent and future air transportation.

FY 2011 Performance Goal  FY 2011

Transfer knowledge to the aviation community to better manage safety in aviation. 4.1.1.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Demonstrate scalable anomaly detection on heterogeneous data.
None

8AT04
Green

9AT1
Green

10AT01
Green

AR-11-1
Green

Demonstrate self-healing material concepts to mitigate damage in structural ele-
ments. None

8AT04
Green

9AT1
Green

10AT01
Green

AR-11-2
Green

FY 2011 Performance Goal FY 2011

HPPG: Increase efficiency and throughput of aircraft operations during arrival phase of flight. 4.1.2.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Conduct simulations of initial tactical conflict prediction and resolution advisory 
functions to address reduction in false alerts and increase in time to detect a loss 
of separation in terminal operations.

None
8AT05
Green

9AT5
Green

10AT05
Green

AR-11-3
Green

Specify operational requirements for performing Multi-Sector Planning (MSP) 
functions in the mid-term, including technical and conceptual requirements, with 
consideration of how requirements might change as the National Airspace System 
(NAS) evolves towards NextGen.

None None None
10AT06
Green

AR-11-4
Green

HPPG: Report on Human-In-the-Loop (HITL) Simulation and model results.
None None None

10AT14
Green

AR-11-5
Green

FY 2011 Performance Goal FY 2011

Deliver tools, technologies, and knowledge that can be used to more efficiently and effectively design future air vehicles and 
their components that overcome national performance and capability challenges.

4.1.3.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Achieve validated accuracy for conventional and unconventional aircraft, respec-
tively, for nitrogen dioxide (NOx), takeoff and landing performance, cruise perfor-
mance, take-off gross weight (TOGW), and noise.

None
8AT07
Green

9AT7
Green

10AT07
Green

AR-11-6
Green

Demonstrate the ability to predict the effect of impact dynamics on a full-scale 
airframe within 10 percent of measured acceleration.

7AT4
Green

8AT09
Green

9AT8
Green

10AT08
Green

AR-11-7
Green

Demonstrate the ability to optimize a baseline aircraft design to simultaneously 
achieve high cruise efficiency and low sonic boom using Multidisciplinary Analysis 
& Optimization (MDAO) with a two-week cycle time.

None
8AT11
Yellow

9AT9
Green

10AT09
Green

AR-11-8
Green

Validate NASA propulsion Computational Fluid Dynamics (CFD) codes using 
Hypersonic International Flight Research Experimentation (HIFiRE) scramjet flight 
data and ground-based test results.

None None
9AT10
Yellow

10AT10
Yellow

AR-11-9
Yellow

Why NASA rated APG AR-11-9 Yellow:  This annual performance goal was not met, in this fiscal year, and is expected to be accomplished 
in the June/July 2012 timeframe.  To validate the Computational Fluid Dynamics (CFD) code, NASA is gathering this data on the Hypersonic 
International Flight Research Experimentation (HIFiRE) #2 vehicle’s scramjet, while in flight. The Air Force has moved the date for the HIFiRE 
#2 vehicle launch until Summer 2012. (See page 174 for the Performance Improvement Plan.)
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Outcome 4.2
Conduct systems-level research on innovative and promising aeronautics 
concepts and technologies to demonstrate integrated capabilities and ben-
efits in a relevant flight and/or ground environment.

To complement NASA’s investment in fundamental research, the Integrated Systems Research Program (ISRP) con-
ducts research on integrated system-level vehicle and airspace system concepts and technologies, and demonstrates 
their intended and integrated benefits in a relevant environment.  By doing so, one of the ISRP’s main goals is to acceler-
ate the transition of aeronautics research and development results, including NextGen technologies, to users in industry 
and government.  Research is coordinated with the Aeronautics Research Mission Directorate’s (ARMD’s) fundamental 
research programs and with relevant efforts by other Federal agencies and industry.

Currently, ISRP research is focused on technologies to reduce the environmental impact of aircraft (in terms of local 
and global emissions, local air quality, and noise) and integration of Unmanned Aerial Systems (UAS) into the National 
Airspace System (NAS). The United States is highly dependent on the health of the aviation and aerospace industry as 
it contributes to economic activity via the transport of passengers and cargo domestically and abroad and to homeland 
security.  The ability to transport people and goods point-to-point domestically and internationally is critical to all levels of 
the economy.  Furthermore, it is essential that this ability be realized with flexibility, affordably, and in an environmentally 
responsible manner.  

ISRP’s Environmentally Responsible Aviation (ERA) project focuses on selecting vehicle concepts and technologies that 
can simultaneously reduce aircraft fuel burn, noise, and emissions. Today’s aircraft already benefit from NASA invest-
ments in aeronautical research that have yielded improved fuel efficiencies, lowered noise levels, and reduced harmful 
emissions. Although substantial progress has been made, much more needs to be done. The Nation’s air transportation 
system is expected to expand significantly within the next two decades. Clearly there is a potential adverse impact from 
this expansion on the environment. The ERA project invests in technologies with the potential to substantially reduce 
the environmental impact of aviation.

Research in the ERA project is focused in three main areas: Airframe Technology, Propulsion Technology, and Vehicle 
Systems Integration. Together, they help industry enlarge the viable trade space—the degree to which performance 
objectives can be traded against each other to achieve the best overall value—to help in designing and building the most 
environmentally efficient commercial aviation vehicles.

NASA helps make aircraft more environmentally friendly

During FY 2011, research in the propulsion technology area focused 
on significantly reducing harmful nitrogen oxide (NOx) emissions 
while reducing fuel burn in aircraft engines. This involved the develop-
ment and demonstration of new aircraft engine combustor concepts 
that efficiently mix the fuel and air to maintain a stable combustion 
process and minimize the formation of NOx emissions.  

NASA worked collaboratively with industry to develop and test a 
variety of advanced concepts. Both Pratt & Whitney and GE Avia-
tion demonstrated several new combustor concepts that have the 
potential to reduce NOx emissions by as much as 75 percent rela-
tive to aircraft flying today.  Over the next several years, NASA will 
work with these companies to mature these advanced combustor 
concepts and assess the feasibility of incorporating them into future 
aircraft engines.  

NASA and its partners will use NASA facilities that simulate aircraft 
engine conditions to validate the combustor performance, operabil-
ity, and reduced emissions at conditions consistent with the full range 
of aircraft engine power settings. Combustor testing is expected to 
demonstrate a reduction of landing and take-off NOx emissions to 

The Counter Rotating External Staged Swirler 
(CRESS) concept is one of two Lean Direct Injec-
tion concepts developed by Pratt & Whitney that 
achieved greater than 75 percent NOx reduction in a 
flametube rig at low power settings. (Credit:  NASA)

http://www.aeronautics.nasa.gov/programs_isrp.htm
http://www.aeronautics.nasa.gov/
http://www.pw.utc.com/
http://www.geaviation.com/
http://www.geaviation.com/
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75 percent below the goals recommended at the sixth meeting of the Committee on Environmental Aviation Protec-
tion, which helps formulate standards and recommended practices on aircraft noise and aircraft engine emissions. In 
addition to meeting the emissions goals, the combustor must operate at conditions consistent with an aircraft/engine 
architecture designed to reduce fuel burn by 50 percent from current state-of-the-art aircraft and have the ability to use 
conventional, as well as synthetic, jet fuels.

Outcome 4.2
Conduct systems-level research on innovative and promising aeronautics concepts and technologies to demon-
strate integrated capabilities and benefits in a relevant flight and/or ground environment.

FY 2011 Performance Goal  FY 2011

Reduce technical risk by conducting research at an integrated system-level on promising aeronautical concepts and technolo-
gies in a relevant environment.

4.2.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Optimize fuel injector designs through flametube and/or sector tests and demon-
strate their performance in meeting futuristic aircraft emission goals. None None None None

AR-11-10
Green

Uniform and Efficiency Measures

FY07 FY08 FY09 FY10 FY 2011

Deliver at least 86 percent of on-time availability for operations and research facili-
ties.

7AT8
Yellow

8AT17
Yellow

9AT12
Green

10AT13
Green

AR-11-12
Yellow

Why NASA rated APG AR-11-12 Yellow: The on-time availability of the operations and research facilities managed by the Aeronautics Test 
Program, was 80 percent, slightly less than the targeted 86 percent availability. NASA did not meet its target, primarily due to the downtime, 
introduced with the failure of subsystems in two facilities at the Glenn and Langley Research Centers. At Glenn Research Center, the 8 foot 
by 6 foot Wind Tunnel, had unscheduled downtime to repair the Open Rotor Propulsion Rig (ORPR) forward balance, which has resulted in 
rescheduling testing into FY 2012. At Langley Research Center, the 14 foot by 22 foot Wind Tunnel experienced unscheduled downtime due 
to issues with the main drive lubrication system and the motor generator set. (See page 174 for the Performance Improvement Plan.)

http://www.icao.int/env/caep.htm
http://www.icao.int/env/caep.htm
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Strategic Goal 5Enable program and institutional capabilities to 
conduct NASA’s aeronautics and space activities.

The supporting capabilities, services, and infrastructure that enable NASA’s missions are naturally a strategic imperative, 
but this is the first time that NASA has had a strategic goal dedicated to mission support. This addition demonstrates 
NASA’s acknowledgement of the challenges it currently faces in the mission support arena, as well as a commitment to 
performance achievement and improvement.

Successful mission support requires integration of all elements across organizational and functional boundaries and 
application of an Agency-wide view in making investment decisions. The linkage between NASA’s mission portfolio and 
mission support elements must be understood through analyses to assess risks, opportunities, and efficiencies, and 
then acted upon.  Integration requires a strong governance structure to harmonize policies and business practices, miti-
gate conflicting requirements, and enforce the internal controls that oversee the effectiveness, efficiency, reliability, and 
compliance of NASA’s operations. NASA’s mission support governance structure includes a decision-making process 
guided by short- and long-term considerations to create a balanced and integrated mission support portfolio.  NASA 
uses an approach that is requirements-oriented (aligned with missions and external requirements) to provide basic 
Center operations and an optimal mission support environment. 

Institutional capabilities encompass a broad range of essential technical and non-technical corporate functions for 
the entire Agency. The Agency’s program capabilities include managing the scientific and engineering workforce and 
maintaining NASA-unique facilities, equipment, tools, and other required resources. For FY 2011, NASA focused its per-
formance measurement on major efforts, like Shuttle workforce transition, activities that will affect much of the Agency, 
and important ongoing capabilities maintenance. A few of these activities, like launch services, are managed by mission 
directorates, but directly contribute to capabilities and infrastructure that support NASA’s missions.

Benefits

NASA’s program and institutional capabilities ensure that NASA is able to fulfill its commitments to all stakeholders, while 
providing a safe and efficient working environment. Some of the benefits of these capabilities include the following:

•	 Safety	and	mission	assurance	capabilities	protect	the	workforce	and	Agency	assets,	underpinning	the	success	of	
all technical activities. 

•	 Information,	infrastructure,	and	security	capabilities	support	the	productivity	of	NASA’s	scientists	and	engineers.	

•	 Launch,	rocket	propulsion	testing,	space	communications,	and	aeronautics	test	services	provide	key	capabilities	for	
the technical activities of NASA and its partners.

•	 Capabilities	in	human	capital	management,	finance,	procurement,	occupational	health	and	safety,	equal	employ-
ment opportunity and diversity programs, and small business programs ensure that a well-qualified workforce 
representing a range of backgrounds and experience is available to meet Agency needs.

NASA also is addressing strategic themes such as affordability and sustainability for longer-term planning of program 
and institutional capabilities. Components of these themes include “green” initiatives and energy efficiency, workforce 
alignment and readiness, diversity, improved acquisition, and eliminating Center duplication of capabilities. 
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Meeting Changing Facilities Requirements. An 
ongoing challenge is managing current facilities 
resources and capabilities and anticipating changes 
in needs. An important component of facilities man-
agement is updating, replacing or eliminating aging 
or obsolete facilities. The Agency is developing 
multi-year Center plans and an integrated Agency 
Master Plan, and is aggressively managing to reduce 
facility costs and improve overall capabilities. NASA 
seeks optimal solutions in how it conducts opera-
tions, often leveraging resources and opportunities 
offered by Agency partners or seeking products and 
services from commercial sources.

Achieving and Sustaining State-of-the-Art Tech-
nologies for Institutional Capabilities. To realize 
future cost, schedule, and quality improvements, 
NASA must stay current with technological prog-
ress. The Agency actively monitors the research 
and development work of other Federal agencies, 
industry, academia, and other nations.  NASA con-
ducts studies and planning activities Agency-wide 
to determine the potential mission applicability of 
emerging and maturing technologies. New tools, 
processes, and technologies improve capabilities 
and scientific returns, but cannot be predicted in 
advance.  Institutional management processes must 
be sufficiently robust to maintain NASA research, 
testing, and operations capability, while allowing the 
Agency to adopt and benefit from the latest tech-
nologies and innovations. Recent examples include 
advancements in alternative fueling for fleet vehicles 
and in water reuse projects.

Managing a Distributed Infrastructure Base. NASA’s program management is distributed across numerous mission 
areas and geographically separated Centers and facilities. This presents challenges in implementing a consistent and 
cost-effective set of processes, systems, and tools. Differences in local and state policies, zoning and environmental 
regulations, and even energy costs impact the Agency’s ability to create and implement a uniform approach. At every 
Center and facility, NASA works proactively and cooperatively with local, state, and Federal regulatory entities to mitigate 
possible negative impacts before policies or rules are finalized. By adhering to a common set of values and operating 
principles, but allowing for flexibility in implementation, NASA minimizes risk to missions and positions the Agency for 
success in future endeavors.

Risks to Achieving Strategic Goal 5

NASA’s Ames Research Center and the Department of Energy (DOE), 
at the Lawrence Berkeley National Laboratory are collaborating on 
technologies and processes for what may be the “greenest,” highest-
performing building in the Federal government.

Originally developed for aerospace applications, NASA intelligent 
system software will be installed in the new building, called Sustain-
ability Base (shown in the photo), by Ames engineers. These NASA-
developed control and Integrated Systems Health Management (ISHM) 
technologies will be an integral part of the building. To help integrate 
these “smart system” technologies, the Building Technologies Depart-
ment at Berkeley Lab developed a Building Information Model (BIM) to 
serve as the repository for the building’s systems information during its 
life cycle. Using data from the BIM, Berkeley Lab developed an energy-
performance simulation model to optimize the building’s energy opera-
tions. (Credit: NASA)
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Outcome 5.1
Identify, cultivate, and sustain a diverse workforce and inclusive work envi-
ronment that is needed to conduct NASA missions.

NASA has a skilled, competent, and dedicated workforce. They are passionate about their work, and they bring many 
dimensions of diversity, including ideas and approaches, to make their teams successful. To continue the successful 
conduct of missions over the next 10 to 30 years, NASA must broaden, maintain, and sustain its diverse workforce with 
the right balance of skills and talents. The Office of Human Capital Management, NASA Education, and the Office of 
Diversity and Equal Opportunity work collaboratively to identify future needs and to identify gaps and potential shortfalls 
in skills. They also cooperatively plan Agency-level participation in new employee recruitment efforts.

NASA has established a Diversity and Inclusion Framework to increase the diversity of the workforce and the overall 
inclusiveness of the work environment. The framework takes the Agency beyond a focus on equal employment opportu-
nity (EEO) compliance to policies and practices designed to enhance innovation, creativity, and employee engagement. 
Complementary to its diversity and inclusion efforts, the Agency works aggressively to identify and eliminate environ-
mental factors that can diminish trust, impair teamwork, compromise safety, and ultimately undermine excellence. NASA 
conducts an annual self-evaluation as part of the Model EEO Plan, which is designed to identify and remove barriers to 
individual and team success. NASA continued to make progress in its efforts to become a model agency for EEO. For 
example, NASA continued to successfully implement programs designed to proactively prevent discrimination, such as 
conflict management, anti-harassment, and the provision of reasonable accommodations. 

Below are some of the activities conducted during FY 2011 by the Office of Human Capital Management, the Office of 
Education, and the Office of Diversity and Equal Opportunity in support of this outcome.

Creating a workforce with top technical and business management competencies

Dedication to the Shuttle and NASA

Workforce efforts in 2011 emphasized safe fly-out of the Space Shuttle and transition efforts to support the Agency 
direction in alignment with the NASA Authorization Act of 2010. With the successful completion of STS-135 on July 21, 
2011, NASA demonstrated the ability to identify, cultivate, and sustain a workforce with technical and business manage-
ment competencies to safely complete the Space Shuttle manifest and prepare the International Space Station for its 
post-assembly operations and utilization phase.  

NASA had asked the Shuttle operations workforce—both civil service and contractors—to stay through the end of the 
Space Shuttle Program to safely complete the Shuttle’s final mission. NASA and the Space Shuttle prime contractors 
worked closely together to develop and implement a range of tools and strategies to help safely manage operations 
through retirement. These strategies and tools included retention pay for the contractor workforce, developmental 
opportunities (technical and leadership), workforce sharing (matrix management, rotations, job sharing), communica-
tions, and recognition. NASA also implemented regular surveys of the Shuttle workforce and monitoring of attrition rates, 
which remained very low in 2011.  

Moving on from Shuttle

To support transition of the workforce to NASA’s future direction that aligns with the NASA Authorization Act of 2010, 
NASA conducted multiple job seeking training sessions (e.g., resume writing, interviewing, use of social media), as well 
as career counseling sessions for the workforce. NASA also continued management of the Space Shuttle Transition 
Liaison	Office	transition	activities,	including	building	relationships	with	other	Federal	partners	like	the	Departments	of	
Commerce and Labor, conducting two face-to-face meetings with affected Centers and communities, conducting 
two Federal government virtual job fairs, and partnering with the Office of Personnel Management (OPM) to conduct a 
Federal career fair at Kennedy Space Center on July 26, 2011 to provide opportunities for displaced contract workers.  
NASA’s Office of Human Capital Management developed, deployed, and implemented a Workforce Transition Tool that 
provides the ability to track, plan, and status the impacted Shuttle employees as they transition to support other NASA 
technology development and space activities.  

http://nasapeople.nasa.gov/hcm/default.htm
http://www.nasa.gov/offices/education/about/index.html
http:// odeo.hq.nasa.gov/
http:// odeo.hq.nasa.gov/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts135/main/index.html
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/shuttle/main/index.html
http://www.commerce.gov/
http://www.dol.gov/
http://www.opm.gov/
http://www.nasa.gov/centers/kennedy/home/index.html
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The NASA Human Resources team established a Kennedy Space Center Workforce Transition Office (WTO) in part-
nership with Brevard Workforce, a regional public–private partnership, to help facilitate a successful workforce transi-
tion across the Center. It is staffed by NASA Human Resources professionals who are available to offer guidance 
to employees—both civil servants and contractors—regarding Federal employment. Services include assistance with 
understanding Federal job announcements, applying for Federal employment, writing a Federal resume, interviewing 
tips and techniques, and personal transition referral services. 

Getting employees’ views of NASA diversity and inclusion

At the same time, NASA made great strides with its diversity and inclusion efforts during FY 2011. The Agency deployed 
a survey to all employees designed to establish a baseline for employee viewpoints on diversity and inclusion related 
matters such as equitable allocation of career enhancing opportunities, facilitation of diverse inputs into strategic plan-
ning and decision-making, and effective communication between management and employees.  

Some of the highlights of the 2010 Diversity and Inclusion Assessment Survey’s findings included the following: 

•	 Most	respondents	indicated	that	NASA	policies	promote	fair	treatment	of	employees	(83	percent)	and	that	NASA	
values employees with varied backgrounds and experiences (75 percent).

•	 Overall,	a	high	percentage	of	employees	gave	positive	responses	regarding	NASA	creating	a	diverse	and	inclusive	
work environment, with high levels of agreement for fostering mutual trust and respect in the workplace (76 per-
cent), valuing employee contributions (75 percent), and providing a supportive environment for every employee (72 
percent).

•	 A	high	proportion	of	respondents	reported	feeling	like	a	valued	employee	at	NASA	(72	percent)	and	that	they	could	
recommend NASA as a good place to work (79 percent). 

Among the findings pointing to the need for additional steps to enhance diversity and inclusion at NASA were the 
following: 

•	 Only	60	percent	indicate	that	NASA	is	effective	at	educating	employees	on	how	diversity	and	inclusion	foster	inno-
vation.	Further,	68	percent	of	respondents	reported	that	diversity	and	inclusion	led	to	innovative	ideas,	yet	only	45	
percent agree that NASA uses diversity and inclusion effectively to increase workforce productivity, and only 32 
percent disagree with the statement that NASA’s efforts to achieve workforce diversity and inclusion sometimes 
lead to workplace problems. 

•	 Less	than	half	 (49	percent)	of	respondents	agreed	that	supervisors	and	managers	help	employees	to	recognize	
biases that foster workplace discrimination or exclusion. 

NASA as a Model Equal Employment Opportunity Workplace

In its continuing efforts to become a model organization for EEO, NASA set an ambitious agenda in FY 2011 for work-
force participation. Currently, NASA is at or above the relevant civil labor workforce participation rates for women and 
most race/ethnicity groups. Additionally, the Agency’s statistics for individuals with targeted disabilities also are consis-
tent with government-wide numbers.

NASA’s goal to be a model for EEO requires continuous and aggressive improvement efforts. The Model EEO Plan 
contains 57 actions, which grew out of the Agency’s self-assessment of where it stands in its efforts to better ensure a 
workplace environment conducive to every employee reaching his or her full potential. To meet this ultimate objective, 
NASA designed the plan’s actions to enhance recruitment, retention, and professional development opportunities for 
all	employees	and	all	EEO	groups.	Consistent	with	this	approach,	NASA	sought	to	complete	40	of	the	57	actions	in	the	
first year of the plan alone. The Agency fell short of its targets in FY 2011, but will continue to improve the plan and work 
toward making the work environment increasingly free of barriers.

Effective labor management

To enable institutional capabilities and in support of substantive mission transition, NASA focused significant effort in 
restructuring the labor funding and associated processes. In FY 2011, NASA’s Office of Human Capital Management 
led the effort and successfully implemented labor funding and full time equivalent (FTE) planning structures, created a 
new workforce process for the labor formulation process used to support the Planning Programming Budgeting and 
Executing	(PPBE)	formulation	cycle,	and	developed	a	new	labor	execution	approach	called	GOLD	(Governance	of	Labor	
Distribution). These capabilities help ensure that moving forward all NASA workforce is assigned to NASA missions, and 
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by allocating FTE and dollars by mission and center, ensures that there are no unfunded FTE. These workforce planning 
structures and processes provide NASA a well-documented and clear foundation, which programs and institutional 
capabilities can use to align the workforce to successfully conduct NASA’s missions.

NASA focused on communications to enhance NASA’s inclusive work environment. In support of communications in 
2011,	NASA	sustained	effective	labor-management	dialogues	through	the	Labor	Management	Forum	(LMF).	NASA	suc-
cessfully	conducted	six	LMFs	in	2011.	These	were	held	on	November	19,	2010	and	on	January	25,	March	10,	May	26,	
July 22, and September 22, 2011. The topical areas addressed include usage of term appointment authority, a review 
of the Agency performance management process to address concerns about discrimination, and a discussion of line 
management and program management communication issues. 

Building tomorrow’s workforce by attracting students to STEM-related disciplines

Attracting student participation that is as diverse as the Nation

NASA assists minority institutions and faculty through multi-year research grants and provides scholarships, internships, 
mentoring, and tutoring to underserved and underrepresented students. Through the Minority University Research and 
Education Program (MUREP), students attend Minority Institutions, including Historically Black Colleges and Universities 
(HBCUs), Tribal Colleges and Universities (TCUs), and Hispanic-Serving Institutions, and participate widely in NASA’s 
research and education programs and its overall Mission.  

Many of these efforts also have had notable success in attracting women. Through participation on the White House 
Council for Women and Girls, NASA takes into account the needs of women and girls in the policies the Agency drafts, 
as well as the education programs that are supported. Having greater numbers of female, underserved and underrep-
resented students participating in NASA programs supports the entry of these students into the scientific and technical 
workforce as well as their pursuit of advanced science, technology, engineering, and mathematics (STEM) degrees. 

The NASA higher education program that receives the largest share of Agency education funding, and thus serves the 
largest number of higher education students nationwide, is the National Space Grant College and Fellowship Program 
(Space	Grant).	The	NASA	Space	Grant	Program	Office	has	an	established	expectation	of	40	percent	female	participants	
among each of its 52 consortia. Additionally, the Space Grant consortia are accountable for improving and maintaining 
the participation of underserved and underrepresented students in their programs. State-specific goals for underserved 
and underrepresented participation are established for each Space Grant consortium according to National Center for 
Education Statistics higher education enrollment figures. The cultivation of diversity is both a management philosophy 
and core value for all NASA education efforts. Diversity of the skills and talents needed in its future workforce is criti-
cal to NASA’s success. Potential at both the individual and organizational levels is maximized by fostering awareness, 
understanding, and respect for individual differences. The knowledge, expertise, and unique background and life expe-
riences, including the race, ethnicity, and gender, of each individual serve to strengthen the Agency.

Global Climate Change Education at Minority Serving Institutions

In	June	2011,	MUREP	awarded	$7.2	million	in	cooperative	agreements	to	14	minority-serving	organizations	across	the	
United States to enhance learning through the use of the Agency’s Earth Science resources. The winning proposals 
illustrated innovative approaches using NASA content to support undergraduate teaching and learning, with particular 
emphasis on engaging students using NASA Earth observation data, Earth system models, as well as providing climate-
related research experiences for teachers and undergraduate students. 

Minority Innovation Challenges Institute

Also in June, the NASA Minority Innovation Challenges Institute (MICI) announced opportunities for minority serving 
institutions to apply for a $5,000 grant to enter the University	Student	Launch	 Initiative	 (USLI)	or	Lunabotics	Mining	
Competition. 

http://www.nasa.gov/offices/education/about/murep_overview.html
http://www.nasa.gov/offices/education/about/murep_overview.html
http://www2.ed.gov/about/inits/list/whhbcu/edlite-index.html
http://www2.ed.gov/about/inits/list/whhbcu/edlite-index.html
http://www2.ed.gov/about/inits/list/whtc/edlite-index.html
http://www.hacu.net/hacu/default.asp?SnID=378739215
http://www.whitehouse.gov/administration/eop/cwg
http://www.whitehouse.gov/administration/eop/cwg
http://www.nasa.gov/offices/education/programs/national/spacegrant/home/index.html
http://nces.ed.gov/
http://nces.ed.gov/
http://nasamici.com/
http://www.nasa.gov/offices/education/programs/descriptions/University_Student_Launch_Initiative.html
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MICI is designed to inspire minority undergraduate students to pursue advanced degrees and careers in science, tech-
nology,	engineering	and	math	disciplines	critical	to	NASA’s	future	missions.	USLI	challenges	students	to	design,	build,	
and launch to an altitude of one mile a reusable rocket with a scientific or engineering payload. The project engages 
students in scientific research and real-world engineering processes with NASA engineers at NASA’s Marshall Space 
Flight	Center	in	Huntsville,	Alabama.	The	Lunabotics	competition,	which	takes	place	at	NASA’s	Kennedy	Space	Center	
in Florida, challenges students to design and build remote controlled robots that can excavate simulated lunar dirt. 
During the event, the teams’ designs, known as lunabots, will go head-to-head to determine which one can collect and 
deposit the most dirt within 15 minutes. 

Tribal College and University Project (TCUP)

In 2011, MUREP’s TCU project provided NASA engineering expertise to help establish an accredited Bachelor of Sci-
ence degree in Computer Engineering at Salish Kootenia College in Montana, the first four-year engineering program 
offered by any of the 36 tribal colleges in the United States. Additionally, the project has helped remove many of the 
barriers to Native American student participation in NASA competency building and research opportunities by providing 
an “externship” program in which the initial three weeks of the program are held at a tribal college (United Tribes Techni-
cal College in North Dakota). The remaining seven weeks are conducted at the home institutions of the Tribal College 
students and faculty mentors. In FY 2011, 36 students and faculty from nine TCUs participated.

Outcome 5.1
Identify, cultivate, and sustain a diverse workforce and inclusive work environment that is needed to conduct 
NASA missions.

FY 2011 Performance Goal  FY 2011

Define and build the workforce skills and competencies needed for the Agency's future directions in technology development 
and deep space exploration.

5.1.1.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Seventy-five percent or more of Shuttle workforce has been realigned for new 
Agency needs.. None None None

10WF06
White

AMO-11-1
Yellow

Why NASA rated APG AMO-11-1 Yellow: NASA did not meet the target for this annual performance goal as a result of Congressional bud-
get action. The addition of a Shuttle mission and delays in the mission manifest resulted in a slower than planned transition of workforce from 
the Space Shuttle Program. Additionally, the year-long Continuing Resolution significantly delayed the start of new programs to which NASA 
planned to transition the Space Shuttle workforce. (See page 184 for the Performance Improvement Plan.)

Twenty percent or more of annual recruitments will be through the early career 
hiring initiatives. None None

9ED5
Green

10ED04
Yellow

AMO-11-2
Green

FY 2011 Performance Goal FY 2011

Build skills across all levels of the workforce through Leadership Development Opportunities. 5.1.1.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Evaluate current state of Agency leadership training and development and publish 
findings and recommendations in a comprehensive report to guide future program 
direction.

None None None None
AMO-11-3

Green

Seventy-five percent of the Agency’s leadership training and development pro-
grams include “leading through transformation” content. None None None

10WF04
Green

AMO-11-4
Green

FY 2011 Performance Goal FY 2011

Achieve and sustain an effective labor-management dialogue. 5.1.1.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Identify and address at least three significant labor-management challenges identi-
fied during the year during periodic Agency-led Labor Management Forums. None None None None

AMO-11-5
Green

FY 2011 Performance Goal FY 2011

Adopt and respond to innovative employee feedback mechanisms. 5.1.1.4
Green

http://www.skc.edu/
http://www.uttc.edu/main.asp
http://www.uttc.edu/main.asp
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FY 2011 Annual Performance Goal FY 07 FY08 FY09 FY10 FY 2011

Identify and address at least two topics that employees identified in the latest 
Federal Employee Viewpoint Survey. None None None None

AMO-11-6
Yellow

Why NASA rated APG AMO-11-6 Yellow: This annual performance goal was not met. Many of the planned activities were completed but 
several have been delayed into FY 2012. Specifically, the identified areas to be addressed, and their corresponding action plan, are as fol-
lows: 
1) Continue focus on teamwork/working together to ensure mission success. Planned actions included continual monitoring of Shuttle work-
force concerns through regular surveys; and instituting a team-building focus in Agency leader development programs. The activities toward 
this topic were completed in this fiscal year.
2) Ensure that recognition and rewarding of employees is fair, consistent, and based on results-oriented performance. The planned actions 
included educating and training supervisors, through Agency supervisory training courses; and implementing recommendations for enhanc-
ing the Agency’s Honor Awards Program. Both of these planned actions were delayed into FY 2012. This years funding level removed the 
option for conducting further Agency supervisory courses in FY 2011. Additionally, the development of new policies surrounding the Agency 
Honor Awards Program, is taking more time than planned, resulting in a delay until FY 2012. (See page 182 for the Performance Improvement 
Plan.)

FY 2011 Performance Goal FY 2011

Establish and maintain a workplace environment free of illegal discrimination, harassing conduct, and retaliation for Equal 
Employment Opportunity (EEO) activity and that provides reasonable accommodations to individuals with disabilities.

5.1.1.5
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete FY 2011 actions described in the NASA Model Equal Employment Op-
portunity (EEO) Agency Plan. None None None

10WF01
Green

AMO-11-7
Yellow

Why NASA rated APG AMO-11-7 Yellow: NASA made significant progress on many of 57 activities, contained in the Model EEO Agency 
Plan for FY 2011-2013, which have efforts in fiscal year 2011, but did not complete all the planned actions.  NASA sought to complete 40 
of the 57 actions in the first year of the Plan alone. NASA completed 14 of these actions (35 percent). In addition, NASA completed five ac-
tions not targeted for completion until FY 2012. Of the other actions targeted for completion in FY 2011, NASA has partially completed 19 
(48 percent).  NASA has completed key actions related to the Agency’s Anti-Harassment Program, Conflict Management Program, and the 
Functional Review Program is on track for completion of its actions. However, as a result of recent Executive Orders that required develop-
ment of action plans in FY 2010-2011 for Asian Americans and Pacific Islanders, Individuals with Disabilities, and Veterans, NASA had to add 
multiple actions to the Model EEO Agency Plan. The initial development of these plans, dispositioning of community group comments, and 
introduction of approximately 20 new actions, mid-year, did not allow time for full progress to be made.  All efforts continue to progress, and 
are expected for completion before the end of the plan’s timeframe. (See page 182 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Implement an Agency-wide Diversity and Inclusion Framework to develop a more demographically diverse workforce and a 
more inclusive work environment.

5.1.1.6
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Establish a baseline for diversity by developing and implementing an Agency-wide 
diversity-inclusion survey. None None None

10WF02
Green

AMO-11-8
Green

FY 2011 Performance Goal  FY 2011

Assure that student participants in NASA higher education projects are representative of the diversity of the Nation. 5.1.2.1
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

Achieve 40 percent participation of underserved and underrepresented (in race 
and/or ethnicity) in NASA higher education projects.

7ED2
Green

8ED03
Green

9ED3
Red

10ED03
Yellow

ED-11-1
Yellow

Why NASA rated APG ED-11-1 Yellow:  This annual performance goal was not met. Out of the 15,947 participants in NASA higher educa-
tion programs who self-reported their race and ethnicity, 35 percent, reported being a member of an underserved or underrepresented race 
or ethnic group. NASA’s aggressive goal of 40 percent, exceeds the national averages for underserved and underrepresented participation 
in higher education, and was a challenge that the Agency chose to undertake. The participation in NASA’s programs did meet or exceed the 
percentages of underrepresented minorities pursuing higher education studies in STEM fields nationwide (between 11 to 21 percent of these 
degrees, at the bachelor level, according to the National Science Foundation Report, Women, Minorities and Persons with Disabilities in Sci-
ence and Engineering: 2011). (See page 184 for the Performance Improvement Plan.)

Achieve 45 percent participation of women in NASA higher education projects.
None None None None

ED-11-2
Yellow

Why NASA rated APG ED-11-2 Yellow:  This annual performance goal was not met. Out of the 15,568 participants in NASA higher educa-
tion programs who self-reported their gender, 39 percent, reported being female. Albeit a greater number of women currently pursue higher 
education studies in the United States, men pursue a higher proportion of the degrees in science and engineering fields. For example, 
compared with men, women earn degrees at medium to low levels in physical sciences and mathematics (between 30 to 44 percent of these 
degrees), and at low levels in computer science and engineering  (between 18 to 27 percent of these degrees). Despite the statistics, NASA 
still chose to set an aggressive goal of 45 percent, and fell just short of the challenge. (See page 184 for the Performance Improvement Plan.)
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Outcome 5.2
Ensure vital assets are ready, available, and appropriately sized to conduct 
NASA’s missions.

NASA’s assets are critical to enable mission success. NASA plans for, operates, and sustains the infrastructure that pro-
vides the programs and projects with the facilities, capabilities, tools, and services they require. Toward this end, NASA 
performs periodic Agency-level integrated assessments of the supply of technical capabilities across all Centers and 
integrated analyses of the demand for these capabilities across all programs. This provides NASA with core information 
needed to balance institutional supply with program and project demand to ensure that capabilities are affordable and 
aligned with long-term strategic goals.

Several offices contribute to the achievement of this outcome. The Office of Safety and Mission Assurance assures 
the safety and enhances the success of all NASA activities through the development, implementation, and oversight 
of Agency-wide safety, reliability, maintainability, and quality assurance policies and procedures. The Office of the 
Chief Information Officer (OCIO) delivers reliable, innovative, and secure information technology (IT) services critical 
to all aspects of the Agency’s operations. The Office of Strategic Infrastructure ensures that facilities and assets are 
appropriate and available to meet mission needs. This includes identifying assets and facilities that NASA no longer 
needs, maintaining and upgrading those in use, building or acquiring as needed, transitioning assets and facilities to 
new programs, and planning strategically for future needs. For FY 2011, these offices conducted the following activities.

Maintaining safety, quality, risk assessment, reliability, and maintainability as integral 
features of all programs and operations

Success starts with safety

In addition to targeted initiatives, NASA must maintain a very high level of vigilance in its day-to-day operations to 
assure the continued availability of key assets and personnel. Key disciplines include the Safety and Mission Assurance 
program, which in 2011 continued to refine policies, procedures, and technical standards and provide programs of 
emphasis that will better enable NASA’s programs and operations to achieve mission success via the mishap prevention 
efforts, as well as providing operational surveillance of hazardous operations, and independent assessments providing 
“checks and balances” of key programmatic decisions.

FY 2009 (NASA’s baseline year), the total number of cases was 89. At the end of the third quarter, the Department of Labor (DOL) projected 
the total number of cases for FY 2011 would be 101, which equates to a projected end of year total case rate of 0.55 (left chart). In FY 2009, 
the total number of lost time cases was 32. At the end of the third quarter, DOL projected number of lost time cases for FY 2011 would be 35, 
which equates to a projected end of year lost time case rate of 0.19 (right chart). Both charts show that NASA is well below the goal set for 
the President’s Protecting Our Workers and Ensuring Reemployment (POWER) initiative and projects that it will remain below the POWER 
goal through 2015. However, for FY 2011, NASA challenged itself to improve injury rates even further, by decreases of one percent per year, 
despite the POWER goal exception for agencies having a rate below one case per 100 employees. (Credit: NASA)

Note: Trend lines use the power law.
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http://www.hq.nasa.gov/office/codeq/
http://www.nasa.gov/offices/ocio/home/index.html
http://www.nasa.gov/offices/ocio/home/index.html
http://osi.hq.nasa.gov/index.html
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For the FY 2011 total case rate and lost time case rate, NASA currently is below the POWER goal, below the rate for the Federal government 
as a whole, and below the rate for other comparable Federal government agencies.  However, NASA has challenged itself to improve injury 
rates even further, and decreased one percent per year, despite the POWER goal exception for agencies having a rate below one case per 
100 employees. (Credit: NASA)

Source: Occupational Safety and Health Administration, “Federal Agency Safety and Health Occupational Injury and Illness Statistics.” 
Note: Case rates are derived from claims submitted to the OWCP.

Providing efficient, effective, and secure IT services for NASA and for dissemination of 
information to the public

Given the technically advanced, complex, high-risk nature of NASA’s work, information technology (IT) services are 
essential to Agency mission performance and mission support management. NASA’s IT strategy calls for the ability to 
support current and future missions, both reliably and affordably, with an increasingly flexible, mobile workforce. The 
OCIO will continue to consolidate legacy contracts and data centers and increase the use of cloud computing. These 
efforts will generate cost savings through economies of scale while simultaneously improving the integration, goal align-
ment, security, oversight, and accountability across NASA’s enterprise IT service providers. As part of OCIO’s continu-
ous enterprise improvement cycle, design and management of NASA’s enterprise architecture will provide the roadmap 
and tools to navigate from IT strategy through execution and maintenance while enabling a consistent methodology for 
technology infusion and innovation. 

NASA’s Agency IT Services (AITS) Program provides enterprise applications that support NASA’s business and informa-
tion needs, with new initiatives and enhancements focused on improving business and management practices. The 
AITS Program also provides many common enterprise capabilities like integrated e-mail, calendaring, instant messag-
ing, directory services, and the NASA public Web portal. The NASA IT strategy is to improve service delivery across a 
portfolio of enterprise IT assets by delivering integrated services that are increasingly driven by customer priorities and 
collaboration and scaled appropriately to achieve cost savings and delivery efficiencies. 

Transitioning to an Enterprise-Based Approach for NASA IT

The IT Infrastructure Integration Program (I3P) continues to be a key pillar in the ongoing transformation of NASA’s core 
IT services from a Center-based model to an enterprise-based service provisioning and management model. The scope 
of I3P is broad and includes consolidation and central management of IT services in the areas of Tier 1 service desk and 
IT service ordering, web services development and management, enterprise business applications development and 
operations, integrated network/communications services, and end user services. I3P will result in more standardized, 
cost effective systems and services that will increase the Agency’s ability to provide efficient IT services.  

In FY 2011, NASA awarded contracts for major I3P service components: NASA Integrated Communications Services 
(NICS), which will provide Agency corporate and mission communication needs; Agency Consolidated End-user Ser-
vices (ACES), which will provide NASA staff with personal computing services, mobile communications devices, and 
collaboration services; and the NASA Enterprise Applications contract to operate and maintain NASA’s set of integrated 
enterprise business systems supporting all 10 NASA Centers, NASA Headquarters, and the NASA Shared Services 
Center.
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Leveraging IT Innovation to Make NASA More Productive

The OCIO also established a new position, the Chief Technology Officer (CTO) for IT, to work with industry and other 
Government organizations to identify innovative technology that can be quickly evaluated and introduced to NASA’s 
scientists and engineers to improve their ability to conduct research and support NASA missions.

The	Agency	CTO	identified	CTOs	at	each	Center	and	the	Jet	Propulsion	Laboratory	and	established	a	set	of	virtual	
laboratories to solicit and evaluate proposals for innovative solutions to real world NASA issues. Some examples of 
proposals that were funded through the virtual laboratories in FY 2011 include the following:

•	 Agency SharePoint 2010 My Site: The laboratory will conduct a feasibility assessment of using 2010 My Site with 
SharePoint for Agency purposes. Using a working prototype, the project will test My Site’s capability as a portal 
for user information across the Agency by aggregating various SharePoint infrastructure information, across the 
Agency through My Site. SharePoint is an online tool for information sharing and document collaboration using a 
browser interface. My Site is a personal site that gives users a central location to manage and store documents, 
content, links, and contacts. The prototype, if viable, has the potential to make it easier for employees to access 
their files offsite and to improve document sharing.

•	 Collaboration Application Interoperability in the Cloud: Cloud computing delivers computing as a service rather 
than a product, whereby shared resources, software, and information are provided to computers and other devices 
as a utility over a network like the Internet. This laboratory will evaluate hosted collaboration application solutions 
that centralize multiple Agency collaboration architecture functional requirements, initiate a repeatable process for 
application innovation/integration within the NASA architecture, and architect solutions for prototype development 
that integrate separately hosted cloud collaboration application environments.

•	 Google Apps Pilot: This collaborative laboratory will pilot Google Apps and prepare it for release as an Agency 
software as a service. Google works has been working with the U.S. government to create a dedicated, secure 
cloud computing system.

•	 Paperless Conference Room Study: The laboratory will evaluate the intuitiveness and effectiveness of using a 
tablet device to distribute presentations to meeting attendees on their tablets to eliminate the need for printing 
handouts. The goal is to investigate the feasibility of an integrated capability that allows easy configuration for pre-
sentation, intuitive ability for viewers to capture notes on the presentation and e-mail the presentation along with the 
notes to themselves, and the ability for the presenter to wipe the presentation and notes from the attached tablets 
on completion of presentation. 

It is expected that through these early technology exploration activities, NASA can increase the productivity of its work-
force and provide integrated information management to not only to its employees but also to the general public in a far 
more usable form.

Developing and implementing long-term infrastructure plans

Creating a facilities Master Plan

In the area of facilities management, NASA has undertaken a multi-pronged effort to integrate decision making across 
the Agency to arrive at long-term facilities solutions that preserve and provide the institutional resources needed to sup-
port NASA’s mission. The first product from the implementation of the new strategy is an integrated Agency Master Plan.  

The Agency-wide Master Plan conveys a comprehensive plan for facilities development and stewardship and will enable 
significant progress towards NASA’s overall goal of a sustainable, right-sized infrastructure set aligned with mission 
requirements. The plan will allow NASA to leverage facility investments to manage strategic risks (e.g., deferred mainte-
nance, the possible erosion of research capabilities through insufficient facilities and equipment, the impacts of climate 
change) and total cost of facilities ownership, particularly renewal and energy/operations costs. The plan includes a five- 
and 20-year Agency Capital Investment Program Plan and it compares benchmarks and projected progress against 
goals in the areas of readiness, size, and stewardship.

http://office.microsoft.com/en-us/sharepoint-server-help/introduction-to-my-site-HA010108748.aspx
http://itcd.hq.nasa.gov/sharepoint.html
http://www.google.com/apps/intl/en/government/
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Reducing and recycling can make a big difference

A key aspect of the new facilities strategy is reducing operating costs and eliminating inactive and obsolete facilities that 
are no longer required for NASA’s Mission through its demolition program. Abandoned facilities pose a potential safety 
and environmental liability. These abandoned facilities still must be maintained at minimal levels to prevent increasing 
safety and environmental hazards, imposing a drain on limited maintenance dollars. Demolishing these abandoned 
facilities allows the Agency to avoid non-productive operating costs required to keep abandoned facilities safe and 
secure and reduce the liability associated with these facilities. During 2011, NASA initiated the facilities demolition pro-
cess for five significant Agency facilities.

Demolishing for the future while remembering the past

At Langley	Research	Center, two facilities—the 16 Foot Transonic and the 
Langley	Full	Scale	Tunnels—are	being	taken	down,	piece	by	piece.	They	
are victims of age and studies that say they are no longer needed for a 
number	of	 reasons.	Their	demolition	 is	part	of	Langley’s	ongoing	 repair-
by-replacement strategy (called New Town) and revitalization to make the 
Center more efficient and better prepared for the future. 

While the facilities may no longer be needed, they are leaving behind a 
notable	history.	The	Langley	Full	Scale	Tunnel,	with	its	two	propeller	assem-
blies bigger than a three-story building and test section 30 feet wide by 60 
feet long, was known worldwide for having hosted Orville Wright, Charles 
Lindbergh,	and	Howard	Hughes,	as	well	as	testing	hundreds	of	aircraft	and	
spacecraft since it started operation in 1931.

Ultimately four tunnels are slated to come down as part of a NASA-wide 
effort to remove excess capability and reduce deferred maintenance costs. 
After	the	Langley	Full	Scale	Tunnel	work	is	finished,	two	smaller	tunnels	at	
Langley	will	come	down:	the	8-Foot	Transonic	Pressure	Tunnel,	which	was	
closed	in	1996,	and	the	8-Foot	High	Speed	Tunnel,	an	historic	landmark	
that was deactivated in 1956. 

The tunnels are part of a $5.7 million demolition contract, but the actual 
cost of the project to the government will be $3.6 million, according to 
the Center Operations Directorate, because more than two million dollars 
worth of the materials, including steel and concrete, will be recycled. 

Langley	officials	have	worked	hard	to	make	sure	all	the	tunnels’	achieve-
ments have been properly documented in print and imagery and artifacts 
preserved in displays and museums. Some of the blades from the 16-Foot 
Tunnel	have	been	incorporated	into	the	first	New	Town	building	at	Langley	
and parts of the other tunnels are slated to go to museums, including the 
Smithsonian Institution.

Saving water across NASA

For	2011,	NASA	reported	a	potable	water	use	intensity	reduction	of	9.8	percent	from	the	Agency’s	baseline,	exceeding	
the target of eight percent. NASA’s Ames Research Center was recognized for implementing a water reuse project, 
winning the Federal Energy and Water Management’s Water Conservation Small Group Award. Ames partnered with 
the City of Sunnyvale to reduce consumption of potable water and to use reclaimed water for landscape irrigation, con-
struction site dust control, and washing aircraft. The Native Plant Initiative converts high maintenance, water-intensive 
turf/grass areas to low-maintenance, drought-tolerant native plants. The overall effort decreased Ames’ potable water 
consumption	by	more	than	80	million	gallons	and	saved	$400,000	annually.	In	addition	to	the	Ames	project,	water	con-
servation	activities	and	projects	were	also	implemented	at	Langley	Research	Center,	Michoud	Assembly	Facility,	and	
Stennis Space Center, resulting in an estimated total of $300,000 in annual savings and 127 million gallons in annual 
water savings.

A member of the demolition crew stands in 
silhouette inside Langley’s Full-Scale Tunnel. 
(Credit: NASA/S. Gibbs, G. Homich, S. Smith)

http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/centers/langley/news/researchernews/rn_buildingone.html
http://www.nasa.gov/centers/ames/home/index.html
http://www1.eere.energy.gov/femp/services/awards_fewm.html
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Outcome 5.2
Ensure vital assets are ready, available, and appropriately sized to conduct NASA’s missions.

FY 2011 Performance Goal  FY 2011

Through 2015, assure zero fatalities or permanent disabling injuries to the public. 5.2.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Assure zero fatalities or permanent disabling injuries to the public resulting from 
NASA activities during the fiscal year. None None None

10SMS01
Green

AMO-11-9
Green

FY 2011 Performance Goal FY 2011

By 2015, achieve a four percent reduction in the total case rate and lost time rate for the NASA civil service work force. 5.2.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Reduce Total Case Rate and Lost Time Case Rate by one percent, in accor-
dance with the President's Protecting Our Workers and Ensuring Reemploy-
ment (POWER) initiative.

None None None None
AMO-11-10

Red

Why NASA rated APG AMO-11-10 Red: At year-end, NASA was about 2 times lower (better) than the President’s Protecting our Workers 
& Ensuring Reemployment (POWER) goal for TCR and 5 times lower (better) than the POWER goal for LTCR. However, NASA undertook a 
stretch goal of lowering the Agency’s already low rates by 1 percent, from the POWER baseline goal year (FY 2009). The data for this calcula-
tion is current through the third quarter (fourth quarter data is not available until December), with end-of-year projections by the Department 
of Labor’s Office of Workers’ Compensation Programs, who must validate and accept these cases, that place NASA at small upswings in 
both TCR and LTCR from the FY 2009 base year (thus missing the 1 pecent internal goal). Even with the slight upswings, NASA still remains 
one of the best in the government, and still signifcantly below (better than) the POWER goals. (See page 161 for the Performance Improve-
ment Plan.)

FY 2011 Performance Goal FY 2011

By 2015, reduce damage to NASA assets by eight percent from the 2010 baseline. 5.2.1.3
Red

Why NASA rated Performance Goal 5.2.1.3 Red: NASA does not anticipate meeting this performance goal by 2015, due to the Glory 
launch vehicle mishap in fiscal year 2011. This goal is based on the average across five years of all realized costs of the damage to NASA’s 
assets. Based on the magnitude of the cost of the loss of the Glory mission, the five year average will show a growth, rather than a reduction 
by 2015, irrespective of no damage beyond FY 2011. However, with mission failure costs taken out and accounted for separately, NASA is 
projected to meet the institutional property and facility loss goals, that also feed this performance goal. (See page 161 for the Performance 
Improvement Plan.)

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Reduce damage to NASA assets by two percent per fiscal year, based on a 
five-year running average. None None None

10SMS03
Green

AMO-11-11
Red

Why NASA rated APG AMO-11-11 Red:  This annual performance goal will not be met in FY 2011, due to the loss of the Glory mission. 
Based on the magnitude of the cost of the loss of the Glory mission, FY 2011 will see a growth from FY 2010, rather than a reduction. 

FY 2011 Performance Goal FY 2011

By 2014, consolidate and centralize the management of information technology (IT) enterprise services for end user services, 
communications, enterprise applications, enterprise data centers and web services.

5.2.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Achieve Initial Operating Capability (IOC) for five Service Offices (Web Services, 
Communications, Enterprise Service Desk, End User Services, and NASA En-
terprise Applications) as part of the NASA Information Technology Infrastructure 
Integration Program (I3P).

None None None
10IT02
Green

AMO-11-12
Yellow

Why NASA rated APG AMO-11-12 Yellow:  Four of the five planned service offices achieved Initial Operating Capability (IOC). The End 
User Services (ACES), Enterprise Applications (EAST), Enterprise Service Desk (ESD), and Communications (NICS–Networking) services all 
have their office structures in place, are managing the transition to these new services, and continue to operate the current services. The 
one service office that did not reach IOC in FY 2011 is the one for the Web services (WEST). The implementation of this initiative has been 
delayed to resolve some issues with the contract award. NASA remains on track for the consolidation and centralization of these services 
and capabilities by 2014. (See page 174 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

By 2015, implement a capability to identify and prevent unauthorized intrusions on the NASA institutional and mission net-
works.

5.2.2.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Implement intrusion detection sensors monitored by the NASA Security Opera-
tions Center (SOC) on 75 percent of NASA institutional network monitoring 
sites.

None None None
10IT06

Red
AMO-11-13

Green

FY 2011 Performance Goal FY 2011

By 2014, decommission the Agency Administrative mainframe computer. 5.2.2.3
Green
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FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Implement, in the SAP environment, the replacement for the mainframe-based 
NASA Supply Management System. None None None None

AMO-11-14
Green

FY 2011 Performance Goal

By 2015, reduce data center energy consumption by 30 percent. 5.2.2.4
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop a data center consolidation plan for NASA that includes an enterprise 
assessment of NASA’s data center footprint. None None None None

AMO-11-15
Green

FY 2011 Performance Goal

By 2015, establish at least four innovation laboratories that provide more effective, efficient, and responsive information tech-
nology (IT) across NASA in support of the Agency's Mission.

5.2.2.5
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Implement a Core Information Technology (IT) Innovation Laboratory infrastruc-
ture to support experimental technology incubation activities in areas ranging 
from communications, information dissemination, and collaboration application 
interoperability in a cloud environment.

None None None None
AMO-11-16

Green

FY 2011 Performance Goal FY 2011

Consolidate functions and offices to reduce real property need, and use Agency Integrated Master Plan to identify and dis-
pose of excess and aged facilities beyond useful life.

5.2.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Finalize 8 of 10 Center Master Plans and incorporate into the Agency Integrated 
Master Plan. None None None

10FAC01
Green

AMO-11-17
Green

Initiate facilities demolition process for five significant Agency facilities.
None None None None

COF-11-1
Green

FY 2011 Performance Goal FY 2011

HPPG: Conserve valuable natural resources by reducing NASA's energy and water use. 5.2.3.2
Yellow

Why NASA rated Performance Goal 5.2.3.2 Yellow: Final performance data for this goal will be available in January 2012. Based on third 
quarter estimates and trending data, NASA expects to exceed its targets on the measures related to water use and fleet management, but 
fall short on the energy intensity goals. See rating explanation for ECR-11-1 for more detailed information on the energy intensity measure. 
(See page 159 for the Performance Improvement Plan.)

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Reduce energy intensity use annually by three percent from an FY 2003 base-
line. None None None

10FAC04
Red

ECR-11-1
Red

Why NASA rated APG ECR-11-1 Red: Final performance data for this goal will be available in January 2012. Based on third quarter esti-
mates and trending data, NASA reduced energy intensity by an estimated 1 percent, for an 8 percent reduction from 2003 baseline. The FY 
2011 goal was 18 percent from the 2003 baseline and NASA expects to reduce energy intensity by 10 percent (+/- 2 percent) in that same 
timeframe. Recent NASA topline budget reductions lowered funding planned for specific energy efficiency measures and new building con-
struction, restoration, and rehabilitation, negatively impacting NASA’s energy conservation program and reducing chances of meeting Federal 
requirements. Despite the reduced funding, NASA continues to work to reduce energy intensity, and during FY 2010–FY 2011, the Agency 
completed construction and received LEED certification for 12 new buildings (1 Certified, 2 Silver, 6 Gold, and 3 Platinum). Three completed 
buildings are under review for certification (2 Silver and 1 Gold), and ten more buildings are under construction seeking LEED certification 
of Silver or Gold level in FY 2012. Eleven buildings are in the design phase for Silver or Gold LEED level. (See page 159 for the Performance 
Improvement Plan.)

Reduce potable water use annually by two percent from an FY 2007 baseline.
None None None

10FAC06
Green

ECR-11-2
Green

Reduce fleet vehicle energy use annually by two percent of petroleum products 
from an FY 2005 baseline. None None None

10FAC05
Green

ECR-11-3
Green

Uniform and Efficiency Measures 

FY07 FY08 FY09 FY10 FY 2011

Maintain system execution time during the year-end close process at FY 2010 
baseline. None

8IEM07
Red

9IEM9
Red

10IT12
Green

AMO-11-23
Green
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Outcome 5.3
Ensure the availability to the Nation of NASA-owned strategically important 
test capabilities.

NASA is responsible for stewardship of space and aeronautical laboratory systems, facilities, core competencies, and 
engineering and research capabilities. The Rocket Propulsion Test (RPT) Program within the Human Exploration and 
Operations (HEO) Mission Directorate, the Aeronautics Test Program (ATP) within the Aeronautics Research Mission 
Directorate, and the Strategic Capabilities Assets Program (SCAP) within the Office of Strategic Infrastructure ensure 
that these assets and capabilities are available to serve current and future needs of the Agency and the Nation. Assets 
and facilities managed and maintained by these programs—many of which are unique within the United States—are 
available to other government agencies and the commercial sector for developing and testing their technologies.

RPT optimizes use of NASA’s rocket propulsion test assets for efficiency and cost effectiveness and ensures that a mini-
mum core capability for all aspects of rocket propulsion testing is maintained. These capabilities are critical to ensuring 
the Nation’s access to space by: providing engine, component, systems and anomaly testing; encouraging the pursuit 
of partnerships with the emerging commercial space sector; 
supporting Agency programs relative to the utilization of RPT 
resources; and investing in test technology and maintenance 
strategies.  

ATP corporately manages and ensures the strategic avail-
ability of a minimum, critical suite of aeronautical test facili-
ties (like wind tunnels), support aircraft, laboratories, and the 
western aeronautical test range, necessary to meet the long-
term aeronautical test requirements for the Nation.

SCAP identifies, prioritizes, and manages Agency key assets 
and capabilities that are essential to the future needs of 
NASA and/or the Nation, including some capabilities that 
lack an adequate business base. This function ensures that 
key assets and capabilities, as elements of the Agency’s 
physical and intellectual infrastructure, are available to per-
form the Agency’s Mission. They perform an Agency cross-
cutting function that encompasses assets and capabilities 
that may be used across multiple mission directorates and 
program areas.  

Meeting NASA, Department of Defense, and 
commercial rocket propulsion testing  
capabilities and requirements

Maintaining the Nation’s access to space requires continuous investment in development, evolution, and maturation of 
propulsion technologies, as well as qualification testing of flight propulsion systems. RPT optimizes use of NASA’s rocket 
propulsion test assets for efficiency and cost effectiveness and to ensure a minimum core capability for all aspects of 
rocket propulsion testing is maintained. RPT provides engine, component, systems, and anomaly testing, encourages 
the pursuit of partnerships with the emerging commercial space sector, supports Agency programs relative to the utili-
zation of RPT resources, and invests in test technology and maintenance strategies. 

Providing aeronautics test facilities to meet the needs of NASA and national aerospace 
programs

The Aeronautics Test Program (ATP) is designed to corporately manage and ensure the strategic availability of a mini-
mum critical suite of aeronautical test facilities which are necessary in meeting the long-term aeronautical test require-
ments for the Nation. ATP is comprised of two projects to support the goals noted:

Maryland Senator Barbara Mikulski and NASA Administrator 
Charles Bolden cut the ribbon at the new Horizontal Integra-
tion Facility (HIF) at NASA’s Wallops Flight Facility, Wallops 
Island, Virginia. The HIF will support medium-class mission 
capabilities. The first customer to use the facility will be 
Orbital Sciences Corporation with its Taurus II launch vehicle. 
Wallops is managed by the Goddard Space Flight Center in 
Maryland. (Credit: NASA)

http://rockettest.nasa.gov/
http://www.nasa.gov/directorates/heo/home/
http://www.nasa.gov/directorates/heo/home/
http://www.aeronautics.nasa.gov/atp/
http://scap.hq.nasa.gov/
http://www.aeronautics.nasa.gov/atp/
http://www.nasa.gov/centers/wallops/home/index.html
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•	 The	Aeronautics	 ground	 test	 facilities	 consist	 of	 various	 categories	 of	wind	 tunnels	 located	 at	Ames Research 
Center, Glenn Research Center, and Langley	Research	Center.

•	 The	flight	operations	and	test	infrastructure	are	located	at	the	Dryden Flight Research Center and include the west-
ern aeronautical test range, support aircraft, testbed aircraft, simulation and flight landing loads laboratories. 

ATP upgrades wind tunnels

Strategic initiatives accomplished by ATP in FY 2011 include investments and upgrades at five major wind tunnels across 
its portfolio to provide new capability and improved facility reliability and investments in flight assets to enable a new 
flight	research	capability.	Included	in	ATP	investments	are	a	new	acoustic	measurement	capability	at	the	14	x	22	Foot	
tunnel	at	Langley	Research	Center,	a	new	engine	icing	test	capability	at	the	Propulsion	Systems	Laboratory	at	Glenn	
Research Center, and a modified research aircraft to enable Aeronautics Research Mission Directorate flight testing at 
the Dryden Flight Research Center. ATP investments also led to development and implementation of new and improved 
test technologies to increase productivity and efficiency and improve research data quality, including investments in the 
National Force Measurement Technology Capability. 

Good decisions start with the right tool

Also in FY 2011, ATP finalized a Capability Reliance Framework, a top-level decision analysis instrument that provides 
a view of the entire suite of ATP ground test capabilities and includes similar test assets owned and operated by the 
Department of Defense. This decision analysis tool will inform decision makers about capability needs, which facilities 
and resources operated by NASA and other entities could serve those needs, reliance opportunities, condition and 
lifecycle costs, and other related issues. 

Outcome 5.3
Ensure the availability to the Nation of NASA-owned, strategically important test capabilities.

FY 2011 Performance Goal  FY 2011

Develop and execute the Rocket Propulsion Test (RPT) Master Plan. 5.3.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Release the Rocket Propulsion Test (RPT) Master Plan.
None None

9SFS4
Yellow

10SFS09
Yellow

SFS-11-1
Green

FY 2011 Performance Goal FY 2011

Ensure that testing capabilities are available in order to support the research, development, test and engineering milestones of 
NASA and Department of Defense (DoD) programs.

5.3.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Achieve ratings greater than 86 percent for overall quality and timeliness of Aero-
nautics Test Program (ATP) facility operations. None None None

10AT11
Green

AR-11-11
Green

The J2-X engine 10001 being developed for NASA’s Space 
Launch System recently completed its sixth test firing on 
September 28, 2011, at the Stennis Space Center A-2 test 
stand. NASA met all its FY 2011 goals, including the 40 
second run time at a power level of 99 percent. Until 2009, 
RPT used the A-2 test stand to test Space Shuttle engines. 
After a decommissioning period, Stennis employees spent 
10 months converting the stand to the parameters needed 
to test engines for NASA’s new engine series. NASA con-
ducted a facility readiness review on the A-2 test stand in 
mid-March and found that all the major modifications were 
complete and the test stand was ready to begin testing the 
J-2X engine. (Credit: NASA)

http://www.nasa.gov/centers/ames/home/index.html
http://www.nasa.gov/centers/ames/home/index.html
http://www.nasa.gov/centers/glenn/home/index.html
http://www.nasa.gov/centers/langley/home/index.html
http://www.nasa.gov/centers/dryden/home/index.html
http://www.aeronautics.nasa.gov/
http://www.defense.gov/
http://www.nasa.gov/centers/stennis/home/index.html
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Outcome 5.4
Implement and provide space communications and launch capabilities 
responsive to existing and future science and space exploration missions.

Both human and robotic space exploration require an efficient and reliable infrastructure of assets, facilities, and ser-
vices to keep operations running smoothly. These include access to launch vehicles, launch and range complexes, and 
a communication network to receive and transmit data.

The Launch	Services	Program	(LSP) is responsible for understanding the full range of civil space launch needs. They 
work closely with other government agencies and the launch industry to make available the safest, most reliable, on-
time,	and	cost-effective	commercial	launch	opportunities	over	a	wide	range	of	launch	systems.	LSP	personnel	work	with	
customers from universities, industry, government agencies, and international organizations from the earliest phase of 
mission	planning	to	purchase	of	fixed-price	launch	services	from	domestic	suppliers.	LSP	personnel	also	seek	oppor-
tunities to share unused payload capacity aboard non-NASA launches to leverage launch funds. Most importantly, they 
provide oversight to help NASA’s valuable, one-of-a-kind missions achieve their space flight objectives.

The Human Exploration and Operations (HEO) Mission Directorate and the Kennedy Space Center have been work-
ing to prepare the Center for future government and commercial space exploration by transitioning, refurbishing, and 
upgrading facilities. This includes launch pads and the launch control center.

Space Communications and Navigation (SCaN) coordinates multiple space communications networks, as well as net-
work support functions to regulate, maintain, and expand NASA’s space communications and navigation capabilities 
in support of all NASA’s space missions. These networks include satellites that relay data from mission spacecraft to 
the ground and ground assets and facilities. SCaN reviews national and international data standards with the aim to 
keep systems compatible and reviews the Agency’s technology needs to keep the systems efficient, reliable, and cost-
effective. They also are developing a communication and navigation architecture to serve NASA’s needs through 2030.

SCaN completed some key milestones for its development projects during FY 2011.  

•	 The	Space	Network	Ground	Segment	Sustainment	project	completed	its	System	Requirements	Review	(SRR).	The	
goal of the project is to implement a flexible and extensible ground segment that will allow the Space Network to 
maintain the high level of service in the future and accommodate new users and capabilities, while reducing the 
effort required to operate and maintain the system. The SRR examines the functional and performance require-
ments defined for the system and the preliminary project plan and ensures that the requirements and the selected 
concept will satisfy the needs of the Space Network.

•	 The	Tracking	and	Data	Relay	Satellite	(TDRS)	project	completed	System	Integration	Review	(SIR)	for	the	TDRS	K	
satellite, which will become part of the space segment of the Space Network. The SIR evaluates the readiness of 
the project to start flight system assembly, test, and launch operations. 

Ensuring reliable and cost-effective access to space

Successes tempered by a loss

The Launch	Services	Program	(LSP)	managed	the	launches	of	four	NASA	missions	in	FY	2011.		LSP	launched	NASA’s	
Aquarius instrument aboard the Space Agency of Argentina (Comisión Nacional de Actividades Espaciales) SAC-D 
spacecraft into low Earth orbit on June 10, and sent Juno toward Jupiter on August 5. The Gravity Recovery and Interior 
Laboratory	(GRAIL) mission, designed to increase knowledge of Earth’s Moon, launched on September 10. Unfortu-
nately, the March 9 launch of the Glory mission was unsuccessful and the spacecraft was lost. Upon completion of the 
Mishap Investigation Board, NASA will develop and execute a corrective action plan.  

Working to expand the selection of launch vehicle providers

Working	across	the	launch	vehicle	industry,	LSP	is	supporting	the	emergence	of	a	U.S.	commercial	space	sector	by	
providing	competitive	opportunities	to	U.S.	commercial	launch	providers.	In	FY	2011,	LSP	executed	a	procurement	that	
allows new providers to be added and existing providers to “on-ramp” additional launch vehicles to an existing contract.  

http://www.nasa.gov/directorates/heo/launch_services/index.html
http://www.nasa.gov/directorates/heo/home/
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/directorates/heo/launch_services/index.html
http://aquarius.nasa.gov/
http://www.conae.gov.ar/eng/satelites/sac-d.html
http://www.nasa.gov/mission_pages/juno/main/index.html
http://www.nasa.gov/mission_pages/grail/main/index.html
http://www.nasa.gov/mission_pages/grail/main/index.html
http://glory.gsfc.nasa.gov/
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NASA, NRO, USAF establish strategy for certifying new expendable launch vehicles 

Just after the end of the fiscal year, NASA, the U.S. Air Force, and the National Reconnaissance Office (NRO) signed an 
agreement to establish clear criteria for certification of commercial providers of launch vehicles used for national security 
space and civil space missions. 

The U.S. government is committed to procuring commercial launch services for its satellite and robotic missions, includ-
ing evolved	expendable	launch	vehicle	(EELV) launches. The new entrant launch vehicle certification strategy is the latest 
step in a cooperative effort by the three agencies to take advantage of new launch capability for their missions. 

The	agencies	previously	signed	a	Letter	of	Intent	in	October	2010,	signaling	their	collaboration	on	launch	requirements.	
They	signed	a	Memorandum	of	Understanding	in	March,	outlining	their	plans	for	future	EELV-class	launch	vehicle	acqui-
sition, including the need for a coordinated strategy for certification of new entrant launch systems. 

The basis of the new strategy comes from NASA’s existing policy directive for launch vehicle risk mitigation. It also recog-
nizes that mission-unique requirements from each of the three agencies may result in different certification approaches 
to mitigate launch risk. The document provides a common framework and language among the agencies for communi-
cating expectations to new launch service providers. 

The risk-based certification framework allows the agencies to consider both the cost and risk tolerance of the payload 
and their confidence in the launch vehicle. For payloads with higher risk tolerance, the agencies may consider use of 
launch vehicles with a higher risk category rating and provide an opportunity for new commercial providers to gain 
experience launching government payloads. 

Within a given risk category rating, if new entrants have launch vehicles with a demonstrated successful flight history, 
then the government may require less technical evaluation for non-recurring certification of the new launch system. 
This new strategy further enables competition from emerging, commercially developed launch capabilities for future Air 
Force, NASA, and NRO missions. 

Building the Florida launch and range  
complex of the future

Launch equipment test facility is ready for new 
business

Kennedy Space Center’s	Launch	Equipment	Test	Facility,	
or	LETF,	is	an	engineer’s	paradise,	featuring	fixtures	capa-
ble of simulating launch conditions, a machine shop and a 
welding facility, and a new vehicle motion simulator, which 
simulates all of the movements a vehicle could experience 
from rollout to launch.

Since	1977,	LETF	has	supported	NASA’s	Launch	Services, 
Space Shuttle, International Space Station, and explora-
tion programs, as well as commercial providers. NASA 
recently completed a four-year, $35 million comprehensive 
upgrade to make sure the testing ground remains at the 
top of the support system testing pyramid.

Launch Pad 39B retooled for future

Launch	Pad	39B	at	NASA’s	Kennedy Space Center in Florida recently made way for a new generation of rockets when 
workers took down the gantry that stood in support of Space Shuttles for 30 years. Whatever rocket heads out to the 
pad in the future, it’s going to bring its support structure with it. With that in mind, the future Pad B will provide all the 
fluids, electrical, and communications services to the launch platform.

NASA	plans	to	use	the	Mobile	Launcher,	or	ML,	to	carry	the	new	Space	Launch	System rocket to the pad and possibly 
use	one	of	the	Mobile	Launcher	Platforms,	or	MLP,	for	commercial	vehicles.	Construction	will	start	soon	to	build	two	
electric	elevators,	sized	to	reach	all	levels	of	the	ML	and	MLP,	at	the	pad	to	replace	the	aged	one	there	now.	

Workers learn about the LETF’s capabilities in its 6,000-square-
foot high bay. (Credit: NASA/D. Gerondidakis)

http://www.airforce.com/
http://www.nro.gov/
http://www.vandenberg.af.mil/library/factsheets/factsheet.asp?id=5207
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/directorates/heo/launch_services/index.html
http://www.nasa.gov/mission_pages/shuttle/main/index.html
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/exploration/systems/sls/index.html
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Along with the dramatic changes on top of the pad that 
removed the Shuttle structures, there is a considerable 
amount of refurbishment under way inside the launch 
pad perimeter. NASA already has removed a million feet 
of cables, the storage tanks for hypergolic fuels, and the 
corrosive chemicals that powered the Shuttle’s thrusters 
in space. Instrumentation that monitors and controls the 
facility and ground systems, as well as the communica-
tions systems, has been replaced with new state-of-the-
art equipment. NASA also has installed a new weather 
instrumentation system at the pad that monitors meteoro-
logical conditions and detects lightning. 

NASA is fixing and sealing chipped and damaged concrete 
pedestals supporting propellant lines running from storage 
tanks to the pad’s surface so they can handle at least 25 
more years beside the ocean. The huge white spheres that 
held liquid hydrogen and liquid oxygen have been emp-
tied, too. They will be repainted, but not taken down. The 
old liquid oxygen water-cooled vaporizer will be replaced 
with modern, air-cooled one that is far more efficient than 
the water-cooled system used the past 30 years.

Expanding and improving communications and navigation services for current and 
future missions

In FY 2011, SCaN maintained at least 99 percent proficiency of all of its networks, providing communication and naviga-
tion services to 29 spacecraft using the Deep Space Network, 35 spacecraft using the Space Network, and 33 space-
craft using the Near Earth Network.  The Near Earth Network also provided communication and navigation services to 
33 launches during launch and early orbit phases.  

The Deep Space Network is an international network of antennas that supports interplanetary spacecraft missions 
and radio and radar astronomy observations for the exploration of the solar system and the universe. The network 
also supports selected Earth-orbiting missions. The Space Network consists of a space segment, composed of the 
Tracking and Data Relay Satellite System, and a ground segment, which includes the White Sands Complex and the 
Guam Remote Ground Terminal. Data from the satellites is downlinked to the ground segment. The Near Earth Network 
provides tracking, telemetry, and communications services, using antenna assets located around the world, for orbital 
missions and occasionally suborbital missions.

SCaN continued the sustaining and engineering of its aging networks, including completion of upgrades to the Near 
Earth Network assets at McMurdo Ground Station in Antarctica. The Deep Space Network Aperture Enhancement 
project	broke	ground	for	adding	34-meter	(110.5	foot)	antennas	at	the	Canberra	Deep	Space	Communications	Complex	
in Canberra, Australia. The program also made significant progress in technology development. The Communication, 
Navigation and Networking re-Configurable Testbed (CoNNeCT) made significant progress and was readied for System 
Acceptance Review in early FY 2012.

The flame trench at Launch Pad 39B, which is currently lined with 
fireproof bricks and concrete, will be refurbished and the flame 
deflector in the middle could become portable to handle future 
rockets of different sizes. NASA used a moveable flame trench 
during Apollo. (Credit: NASA/J. Grossmann)

http://deepspace.jpl.nasa.gov/dsn/
http://esc.gsfc.nasa.gov/space-communications/NEN/nen.html
http://commnav.grc.nasa.gov/main/projects/communication-navigation-and-networking-re-configurable-testbed-connect/
http://commnav.grc.nasa.gov/main/projects/communication-navigation-and-networking-re-configurable-testbed-connect/
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Outcome 5.4
Implement and provide space communications and launch capabilities responsive to existing and future science 
and space exploration missions.

FY 2011 Performance Goal  FY 2011

Complete Launch Services Program (LSP) objectives for all NASA-managed expendable launches. 5.4.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Sustain 100 percent success rate with the successful launch of NASA-managed 
expendable launches as identified on the Launch Services Flight Planning Board 
manifest.

None None None
10SFS11

Green
SFS-11-2

Yellow

Why NASA rated APG SFS-11-2 Yellow: This annual performance goal was not met due to the loss of the Glory mission. NASA’s Glory 
satellite did not reach orbit after its liftoff on March 4, 2011, due to a launch vehicle mishap. The Launch Services Program successfully 
launched the other three missions scheduled for this fiscal year. Aquarius successfully launched aboard a Delta II launch vehicle on June 10, 
2011 from Vandenberg Air Force Base, CA. The Juno mission launched aboard an Atlas V rocket on August 5, 2011, from Cape Canaveral Air 
Force Station, FL. And lastly, the GRAIL mission launched aboard a Delta II Heavy launch vehicle on September 10, 2011. (See page 163 for 
the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Continue utilizing existing contract mechanisms and agreements with emerging launch vehicle providers to gain information 
for future Launch Service orders and to provide technical exchanges to enhance early launch success.

5.4.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop processes for space transportation partner information sharing between 
NASA’s Launch Services Program (LSP), Exploration Systems Mission Director-
ate (ESMD), ISS, and other government customers, including but not limited to 
Department of Defense (DoD).

None None None
10SFS10

Green
SFS-11-3

Green

FY 2011 Performance Goal FY 2011

By FY 2014, enable future government and commercial launching and testing from the Florida launch and range complex. 5.4.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Develop a 21st Century Space Launch Complex (21st CSLC) plan.
None None None None

SFS-11-4
Yellow

Why NASA rated APG SFS-11-4 Yellow: This annual performance goal was not met due to a revision on the originally planned schedule 
for this activity. As is typical with NASA programs and projects in the formulation phase, schedules are expected to change as they are 
refined heading toward the development phase. As the fiscal year progressed, the maturity of the Human Exploration Capabilities programs 
increased, and NASA began to work through the significant milestones and associated product development and has settled on the current 
schedule. Under this schedule, NASA expects that this activity will be completed in the first quarter of FY 2012. (See page 169 for the Perfor-
mance Improvement Plan.)

FY 2011 Performance Goal FY 2011

By 2014, launch two functionally identical Tracking and Data Relay Satellite (TDRS) spacecraft in geosynchronous orbits to 
replenish the Tracking and Data Relay Satellite System (TDRSS) constellation.

5.4.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete Tracking and Data Relay Satellite (TDRS) K Payload and Bus Integration 
and test. None None

9SFS6
Green

10SFS07
Yellow

SFS-11-5
Green

FY 2011 Performance Goal FY 2011

By FY 2016, replace or upgrade obsolete and unsustainable systems of the TDRSS Ground Segment at the White Sands 
Complex (WSC).

5.4.3.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the Space Network Ground Support Sustainment (SGSS) Integrated 
Baseline Review (IBR) and Systems Requirements Review (SRR). None None None

10SFS08
Yellow

SFS-11-6
Green

FY 2011 Performance Goal FY 2011

By FY 2018, replace aging and obsolete Deep Space Network (DSN) 70-meter antenna at Canberra Deep Space Communica-
tions Complex (CDSCC).

5.4.3.3
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete Deep Space Station-35 (DSS-35) Pedestal Excavation at Canberra 
Deep Space Communications Complex (CDSCC). None None None None

SFS-11-7
Green
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Outcome 5.5
Establish partnerships, including innovative arrangements, with commercial, 
international, and other government entities to maximize mission success. 

Strategic partnerships with the U.S. government and academic, industrial, and international organizations help NASA 
leverage resources, increase the impact of activities, and execute missions more effectively and efficiently. NASA works 
cooperatively with these partners to identify common goals, develop new technologies and applications, and share 
technical expertise to minimize risk. The Office of International and Interagency Relations (OIIR) provides executive lead-
ership and coordination for all international partnerships. OIIR serves as the principal Agency liaison with the National 
Security Council, the Office of Science and Technology Policy, the Department of State, and the Department of Defense. 
OIIR also directs NASA’s international relations, negotiates cooperative and reimbursable agreements with foreign space 
partners, provides management oversight and staff support of NASA’s advisory committees, commissions, and panels, 
and manages the NASA Export Control Program and foreign travel by NASA employees.  

To achieve this outcome, NASA is using mechanisms like building public–private partnerships, hosting government 
capabilities on commercial spacecraft, and purchasing scientific or operational data products from commercial satel-
lites. The ability to procure technology or services competitively when needed, rather than maintain a capability that may 
not be fully used, allows NASA to focus resources for institutional and program capabilities in areas of evolving strategic 
importance. 

Using the ISS as a National Laboratory for research, technology development, and 
education

NASA awards CASIS management of ISS National Laboratory Research

NASA	issued	a	Cooperative	Agreement	Notice	on	February	14,	2011,	to	seek	a	management	partner	for	the	portion	of	
the International Space Station (ISS) that was designated a National	Laboratory in 2005. The NASA Authorization Act of 
2010, which extended ISS operations until at least 2020, also directed the Agency to establish this organization.

On August 31, NASA finalized a Cooperative Agreement with the Center for the Advancement of Science in Space 
(CASIS)	to	manage	the	portion	of	the	International	Space	Station	that	operates	as	a	U.S.	National	Laboratory.	The	ISS	
Program will continue its focus on maintaining the ISS, coordinating available crewmember time, and delivering critical 
services like power and data relay that researchers need to conduct their experiments. 

CASIS, the independent, nonprofit research management organization, will be located at the Kennedy Space Center, 
and will help ensure the ISS’ unique capabilities are available to the broadest possible cross-section of U.S. scientific, 
technological and industrial communities.

CASIS will develop and manage a diversified research and development portfolio based on U.S. national needs for basic 
and applied research; establish a marketplace to facilitate matching research pathways with qualified funding sources; 
and	stimulate	interest	in	using	the	National	Laboratory	for	research	and	technology	demonstrations	and	as	a	platform	for	
science, technology, engineering, and mathematics education. The goal is to support, promote, and accelerate innova-
tions and new discoveries in science, engineering, and technology that will improve life on Earth.

Leveraging international and interagency partnerships

OIIR keeps NASA well-connected

NASA has continued to establish international and interagency partnerships to both inform and encourage broad sup-
port for NASA’s planned mission activities.  

NASA continued the management of 520 active international agreements with over 125 countries, which included the 
establishment of 106 new international agreements or extensions this year. In addition, the Agency continued the man-
agement	of	over	200	interagency	agreements	including	the	establishment	of	40	new	interagency	agreements	this	year.	
NASA	is	directing	ongoing	efforts	to	improve	coordination	of	the	more	than	800	active	interagency	agreements	that	cur-
rently exist Agency-wide. On September 22, the International Space Exploration Coordination Group (ISECG) released 

http://oiir.hq.nasa.gov/
http://www.whitehouse.gov/administration/eop/nsc/
http://www.whitehouse.gov/administration/eop/nsc/
http://www.whitehouse.gov/administration/eop/ostp
http://www.state.gov/
http://www.defense.gov/
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nasa.gov/mission_pages/station/research/nlab/
http://alpha.designfarm.com/SpaceFlorida/casis.html
http://alpha.designfarm.com/SpaceFlorida/casis.html
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.globalspaceexploration.org/home
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the Global Exploration Roadmap (GER). This document was developed with inputs from all of the participating agencies. 
The GER reflects an international effort to define feasible and sustainable exploration pathways to a variety of destina-
tions. This first iteration of the GER is intended to inform and help focus the planning currently underway in each of the 
partner agencies in the areas of planetary robotic exploration, advanced technology development and use of the ISS in 
preparation for exploration. The GER has been posted to the ISECG Web site (https://www.globalspaceexploration.org/
home) and the NASA Web site (http://www.nasa.gov/exploration/about/isecg/).

Outcome 5.5
Establish partnerships, including innovative arrangements, with commercial, international, and other
government entities to maximize mission success.

FY 2011 Performance Goal  FY 2011

HPPG: Establish an independent non-profit organization (NPO) to enhance the utilization of the ISS as a National Laboratory. 5.5.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Transition management of the ISS U.S. National Lab for non-NASA research to 
the non-profit organization (NPO). None None None None

ISS-11-6
Green

FY 2011 Performance Goal FY 2011

Actively engage and provide leadership in international and interagency forums. 5.5.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Complete the International Space Exploration Coordination Group (ISECG) road-
map to identify common interests among international space agencies in human 
and robotic exploration of the solar system.

None None None None
AMO-11-18

Green

https://www.globalspaceexploration.org/home
https://www.globalspaceexploration.org/home
http://www.nasa.gov/exploration/about/isecg/
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Strategic Goal 6Share NASA with the public, educators, and students 
to provide opportunities to participate  

in our Mission, foster innovation and contribute to  
a strong national economy.

NASA’s priority is to make information from missions, 
research, and discoveries available for the benefit of the 
Nation. In its 2011 Strategic Plan, NASA emphasized 
this priority by creating a new strategic goal dedicated 
to education, public outreach, and transparency. The 
Agency has two organizations focused on achieving 
this strategic goal.

The Office of Education (Education) stimulates student 
interest and achievement in science, technology, engi-
neering, and mathematics (STEM) fields through the 
excitement of NASA’s missions and activities. STEM-
focused teachers combine their skills with NASA edu-
cation products to motivate student achievement and 
spur creative and critical thinking both in and out of the 
classroom. These students will become the Nation’s 
future STEM workforce, tackling technical and scientific 
challenges to improve quality of life.  

The Office of Communications (Communications) 
shares NASA’s message and information with a broad 
audience and encourages active participation. Tradi-
tional means like print, television, and live events con-
tinue to be a mainstay of connecting with the public.  
However, Communications also has adopted emerg-
ing technologies and media that allow greater access 
and participation by the public, students, and teach-
ers, including virtual events, live streaming video, online 
chats, and social media.

Benefits

NASA Education offers structured programs for students and educators to engage in STEM learning activities. These 
include competing in technical design challenges, launching student-built payloads, and participating in research and 
hands-on engineering experiences. Some students get the opportunity to work with real-world research platforms 
like high-altitude balloons, sounding rockets, aircraft, and space satellites. Undergraduate and graduate students can 
contribute directly to NASA’s missions by working with scientists and engineers on their research and technology devel-
opment programs while gaining valuable experience. Workshops, courses, and grant awards help teachers use NASA 
themes and materials to inspire their students in STEM topics.  

NASA is actively planning for the workforce of tomorrow. Education coordinates with NASA’s Offices of Human Capital 
Management and Diversity and Equal Opportunity to ensure that NASA’s portfolio of education investments align with 
the long-term needs of the Agency. This includes supporting internships and fellowships at the Centers to inspire stu-
dents at all levels to pursue STEM-related careers vital to NASA’s and the Nation’s future.

On August 17, 2011, the crew of STS-135, NASA’s final Space 
Shuttle mission, and Sesame Street’s Elmo welcomed visitors to 
“What’s Your Favorite Space?” in New York City. For the free public 
event, co-presenters NASA and Eventi transformed an outdoor 
plaza into a miniature space outpost filled with displays, includ-
ing an inflatable Mars rover, demonstrations, interactive exhibits, 
video segments, children’s activities, and more. Pictured with Elmo 
is STS-135 Commander Chris Ferguson. (Credit: NASA/S. Smith)

http://www.nasa.gov/pdf/516579main_NASA2011StrategicPlan.pdf
http://www.nasa.gov/offices/education/about/index.html
http://www.nasa.gov/news/index.html
http://nasapeople.nasa.gov/default.htm
http://nasapeople.nasa.gov/default.htm
http://odeo.hq.nasa.gov/
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts135/main/index.html
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Attracting and Retaining Students in STEM. With the myriad of opportunities that compete for students’ attention, 
NASA’s challenge is to ignite a passion for science, technology, engineering and math.  Part of this challenge is in reach-
ing students, and the people who most influence them, with products and services that will attract learners at all levels 
to STEM careers. NASA Education uses the exciting content and results from NASA missions to develop products and 
services that support students, educators, and national STEM initiatives. Through these resources, NASA Education 
fosters development of public–private partnerships—collaborations that build communities to support STEM education 
and provide stability through times of economic decline. NASA Education works cooperatively with universities, profes-
sional education societies, national and state-based organizations, and school districts to ensure that NASA products 
and services continue to meet the evolving needs of formal and informal educators and students, both in and out of the 
classroom. Education seeks opportunities for early adoption of tools and techniques shown by research to positively 
impact teaching, learning, and interest in STEM topics.

Reaching New Audiences. There are more channels for communication and public engagement than ever before.  
Understanding the character of newer generations and their preferred communication modes, styles, and technolo-
gies will help NASA communicate its value. As an organization known for research and technology, NASA embraces 
new tools and works to keep pace with new technology. The Office of Communications must balance use of new and 
traditional media tools as the Agency strives to communicate across all sections of the public.

During FY 2011, NASA Education completed a key milestone for Strategic Goal 6:

•	 The	12	member	Education	Design	Team	completed	the	NASA	Education	Recommendation	Report,	an	evaluation	
of NASA’s education program in the context of current education trends requested by Administrator Charles Bolden 
and Deputy Administrator Lori Garver. Based on the Education Design Team’s recommendations, Education will 
create a tightly focused portfolio of projects that fit within its Education Framework. (Read the complete report.)

Risks to Achieving Strategic Goal 6

Communications delivers beneficial services that span public outreach and relations, messaging, and history. These 
services keep the public aware of the Agency’s latest activities and achievements. A public that is knowledgeable and 
interested in science, aeronautics, and exploration will value the impact of advances in these fields that help maintain 
global competitiveness and a robust economy.  

The Agency’s online presence also has become an essential tool for fostering transparency in operations and manage-
ment practices. NASA strives to increase the amount of information—and speed at which it is available—to provide 
insight into the Agency’s performance and stewardship of taxpayer dollars.

http://www.nasa.gov/pdf/536766main_Education-Recommendation-Report_Final.pdf
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Outcome 6.1
Improve retention of students in STEM disciplines by providing opportunities 
and activities along the education pipeline.

A critical part of NASA’s Mission is to inspire the next generation of explorers so that the Nation’s preeminence in space 
exploration, aeronautics, and science can continue into the future. NASA educational tools are designed to capture stu-
dent interest, nurture their natural curiosities, and excite their minds. By providing hands-on opportunities to students of 
all ages and their educators, and engaging them in simulations and authentic research, NASA stimulates creativity and 
encourages the growth of a new generation of scientists and engineers.  

Many of NASA’s grant recipients are university and college science, technology, engineering, and mathematics (STEM) 
programs. NASA Education and Office of Diversity and Equal Opportunity (ODEO) partner to realize the goals of equal 
opportunity requirements among STEM and related programs receiving NASA financial assistance, including grants for 
education and training. Under laws prohibiting discrimination in federally funded programs, like Title VI of the Civil Rights 
Act of 1964 and Title IX of the Education Amendments Act of 1972, ODEO conducts compliance and enforcement activi-
ties to ensure that these programs afford equal opportunities to their beneficiaries, regardless of race, color, national 
origin, gender, age, or disability, and that the programs are free of discrimination and harassment. NASA Education and 
ODEO also review the equal opportunity technical assistance given to STEM programs. Equal opportunity technical 
assistance provides recipient programs more effective tools for conducting and measuring the success of targeted 
diversity outreach and recruitment efforts. The goal of technical assistance also is to achieve and maintain STEM pro-
gram environments that are welcoming to more broadly diverse student bodies, ensuring greater diversity participation 
and retention in such programs.

Below are some of the activities that contributed to this outcome this fiscal year.

Providing students and educators with quality STEM curricular support resources and materials

The first major step to retaining students in STEM disciplines is ensuring that they have access to quality, exciting STEM 
opportunities, resources, and materials throughout their education. As part of this objective, NASA Education offers a 
variety of programs to help K–12, undergraduate, and graduate educators better use NASA resources and improve their 
knowledge and skills. In FY 2011, 67,245 educators participated in NASA education programs. When combined with the 
27,674 faculty members who participated in NASA’s national higher education programs, the Agency has successfully 
reached 94,919 educators along the full length of the education pipeline. Additionally, 36,312 undergraduate and gradu-
ate students and 863,879 elementary and secondary students participated in NASA education opportunities. 

Helping Education grant recipients serve a diverse student body

NASA’s program for reviewing civil rights compliance among its grantee institutions, such as universities and science 
centers, completed five institutional reviews. ODEO provided civil rights findings and recommendations to assist the 
institutions in enhancing their equal opportunity related efforts. Recommendations included targeted recruitment and 
environmental enhancements to attract and retain more diverse student bodies and appropriate signage and other 
program accessibility enhancements for individuals with disabilities and limited English proficiency.

NASA helps kick off FIRST Robotics Competitions in 2011

NASA, the largest sponsor of the FIRST Robotics Competition, joined local, New Hampshire technology firms to launch 
this year’s competitions at an event at Southern New Hampshire University in Manchester in January 2011. 

FIRST, or For Inspiration and Recognition of Science and Technology, is a long-standing, international challenge to 
inspire curiosity and create interest in STEM among high school students. The event gives students the opportunity 
to design, build, test, and compete a robot that can perform specific functions. FIRST also gives students a crucial 
mentoring experience with NASA professionals, who help them explore solutions to robotics problems and understand 
real-world challenges faced by engineers and researchers. 

http://www.nasa.gov/offices/education/about/index.html
http://odeo.hq.nasa.gov/
http://www.dol.gov/oasam/regs/statutes/titlevi.htm
http://www.dol.gov/oasam/regs/statutes/titlevi.htm
http://www.dol.gov/oasam/regs/statutes/titleix.htm
http://www.usfirst.org/roboticsprograms/frc
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NASA plays a significant role by providing public 
access to robotics programs to encourage young 
people to investigate careers in the sciences and 
engineering. Through the NASA Robotics Alli-
ance Project, the Agency provides grants for 297 
teams and sponsors four regional student compe-
titions, including a new FIRST regional competition 
in Washington, DC, for 2011. NASA engineers and 
scientists participate with many of these teams as 
technical participants and mentors to the students. 
Through these mentoring activities, NASA engineers 
are able to share their expertise and experiences to 
the nation’s next generation of technical leaders. 

During the live broadcast in January, FIRST founder 
Dean Kamen and designers of the annual challenge 
revealed the competition scenario for 2011. The 
estimated 30,000 student and engineering men-
tors, comprising the nearly 2,000 teams, then had a 
frenzied six weeks to design and build their robots. 
Each year, FIRST presents a new robotics competi-
tion scenario with twists and nuances to challenge 
both rookie and veteran teams. Each team receives 
a kit of parts and has six weeks to design and build a robot based on the team’s interpretation of the game scenario. 
Other than dimension and weight restrictions, the look and function of the robots is up to each individual team.

NASA’s Spaced-Out Sports challenge 

In May 2011, NASA announced three winners in the Spaced Out Sports competition, which challenged U.S. students in 
fifth through eighth grades to create games for astronauts to play aboard the International Space Station. The challenge 
is part of a broader Agency education effort to engage students in STEM activities. 

The Spaced Out Sports challenge, a Teaching from Space project, is focused on helping students learn and apply Sir 
Isaac Newton’s Laws of Motion. Using the accompanying curriculum, teachers led students through a study of Newton’s 
laws, highlighted by hands-on activities and video podcasts featuring NASA scientists and engineers explaining how the 
laws are used in the space program. 

The videos also feature celebrity athletes explaining the science behind their sports. Contributors include Olympic gym-
nast Nastia Liukin, NASCAR driver Juan Pablo Montoya, Women’s National Basketball Association player Temeka John-
son, National Hockey League player Ryan O’Reilly, and members of the National Football League’s New Orleans Saints. 

Students learned the differences in a game played in the gravity environment of Earth and the same game played in a 
microgravity environment, such as the International Space Station. They used the knowledge to design or redesign a 
game to illustrate and apply Newton’s laws. 

Find out more about this year’s winners and the games they created.

NASA selects classroom teachers for SOFIA science flights

In May, NASA selected six teachers to work with scientists aboard the Stratospheric Observatory for Infrared Astronomy 
(SOFIA) during research flights in May and June. This was the first team of educators selected to participate in SOFIA’s 
Airborne Astronomy Ambassadors Program. The six teachers selected for the SOFIA program submitted applications 
that included plans for taking their training and flight experience back to their classrooms. 

SOFIA is a highly modified Boeing 747SP aircraft fitted with a 100 inch-diameter telescope. It analyzes infrared light to 
study the formation of stars and planets, chemistry of interstellar gases, composition of comets, asteroids and planets, 
and supermassive black holes at the center of galaxies. As a member of an Educator Ambassador team, teachers will 
fly on a SOFIA science flight and will receive training associated with the flight and the scientific research. They also will 
have access to scientists and educational information through electronic communications, receive an active astronomy 
kit, and support materials for education and outreach like brochures, bookmarks, and stickers. 

The Kennedy Space Center’s house FIRST team, known as the Pink 
Team, consists of high school students from Rockledge, Cocoa Beach, 
and Viera, Florida. In this photo, the Pink Team shows off its robot to 
Kennedy’s Deputy Director Janet Petro and Engineering Director Pat 
Simpkins at the Florida FIRST Robotics Competition in early March. 
(Credit: NASA/G. Benson)

http://robotics.nasa.gov/
http://robotics.nasa.gov/
http://education.ssc.nasa.gov/spacedoutsports.asp
http://www.nasa.gov/mission_pages/station/main/index.html
http://www.nascar.com/
http://www.wnba.com/
http://www.nhl.com/
http://www.nfl.com/
http://www.neworleanssaints.com/
http://www.nasa.gov/home/hqnews/2011/apr/HQ_11-101_Sports_Challenge.html
http://www.nasa.gov/mission_pages/SOFIA/index.html
http://www.nasa.gov/mission_pages/SOFIA/index.html
http://www.nasa.gov/centers/kennedy/home/index.html
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Outcome 6.1
Improve retention of students in STEM disciplines by providing opportunities and activities along the full length 
of the education pipeline.

FY 2011 Performance Goal  FY 2011

Provide educators nationwide with knowledge and tools with which to inspire students in STEM fields. 6.1.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

75,000 educators participate in NASA education programs. 7ED6
Green

8ED05
Green

9ED7
Green

10ED07
Green

ED-11-3
Green

FY 2011 Performance Goal FY 2011

Provide higher education students with authentic NASA mission-based opportunities that build knowledge and skills needed 
for STEM careers.

6.1.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

25,000 undergraduate and graduate students participate in NASA education 
opportunities. None None

9ED6
Green

10ED05
Green

ED-11-4
Green

FY 2011 Performance Goal FY 2011

Provide elementary and secondary students with authentic NASA mission-based opportunities that build STEM knowledge, 
skills and career awareness.

6.1.2.2
Green

FY 2011 Annual Performance Goals FY07 FY08 FY09 FY10 FY 2011

600,000 elementary and secondary students participate in NASA instructional 
and enrichment activities.

7ED6
Green

8ED04
Green

9ED8
Green

10ED08
Green

ED-11-5
Green

75 percent of elementary and secondary students express interest in STEM 
careers following their involvement in NASA education programs.

7ED4
Green

None
9ED10
Green

10ED06
Green

ED-11-6
Green

FY 2011 Performance Goal FY 2011

Promote equal opportunity compliance and encourage promising practices among NASA grant recipient institutions through 
a fully-realized program of civil rights compliance reviews, policy guidance, and technical assistance.

6.1.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Equal opportunity (EO) assessment and technical assistance provided, or onsite 
compliance assessment performed, on-location at five STEM or STEM-related 
programs that receive NASA funding.

None None None
10WF11
Green

AMO-11-19
Green
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Outcome 6.2
Promote STEM literacy through strategic partnerships with formal and infor-
mal organizations.

The complexity of meeting formal and informal education needs and requirements demands a highly collaborative 
approach. Through strategic partnerships, NASA Education leverages the resources and expertise of its partners, 
scales its investments to reach new audiences, and expands established networks. Tapping into partners’ creativity and 
innovation helps disseminate NASA’s products and services in a broader and more systematic manner to reach new 
users more effectively. By helping educators incorporate NASA content into school curricula or after-school program-
ming, NASA cultivates strategic partnerships with both formal and informal education providers to promote science, 
technology, engineering, and mathematics (STEM) literacy.  

NASA provides numerous opportunities for K–12 educators to engage directly with the science and engineering work 
conducted by the NASA mission directorates—helping educators meet the needs of their students in a resource-scarce 
environment. The high quality, inquiry-based curriculum materials for STEM learning developed by NASA mission direc-
torates are used by teachers for formal education activities in their classrooms, and by NASA partner organizations who 
conduct educational activities with students in informal settings. NASA Education works with local, state, and Federal 
organizations to ensure that NASA’s services and products provide information and opportunities that are appropriate, 
meet established needs, and support ongoing STEM initiatives. 

Partnerships for formal education, particularly with higher education institutions and aerospace companies, focus on 
engineering and research efforts under the supervision of practicing professionals. These partners are able to provide 
independent research projects for undergraduate and graduate students and expand greatly what NASA can host at 
its facilities alone. 

NASA’s educator professional development projects provide educators with in-depth training and teaching materials on 
NASA mission topics that can enhance their regular classroom instruction. Subject matter experts often help Education 
develop the training and teaching materials and provide support through in-person presentations, online chats, or other 
types of interactions. Both formal and informal education partners use NASA’s curricular support resources (e.g., videos, 
vodcasts, interactions with NASA scientists and engineers), which showcase NASA’s mission activities, strengthen 
learners’ understanding of engineering and technology innovations at NASA, and illustrate the connection between 
academic subjects and skills with real world applications.

Below are examples of fiscal year activities for this outcome:

NASA teams with the NRC to create science standards

In 2011, the National Research Council (NRC) of the National Academies released A Framework for K–12 Science Educa-
tion, which specifies eight science and engineering practices that students should learn and use over the course of their 
schooling, such as asking questions and defining problems, analyzing and interpreting data, and engaging in argument 
from evidence. It is designed to bring greater coherence to the science education that students receive across grades 
K–12. The framework also calls for a full integration of the practices of science with the ideas and concepts. That is, 
students should learn the ideas of science through actually doing science. NASA Education will work with the non-profit 
organization identified by the NRC to create science standards that identify the key scientific practices, concepts and 
ideas that all students should learn by the time they complete high school, based on the framework. The new standards 
should be completed in late 2012.

Summer of Innovation leverages strategic partnerships to share NASA’s STEM content

President Obama’s “Educate to Innovate” campaign challenged the nation to foster a renewed commitment to strengthen 
America’s literacy in science, technology, engineering, and mathematics (STEM). In response to the President’s call to 
action, NASA launched the Summer of Innovation (SoI) project. SoI strategically partners with summer and other out-
of-school time programs to build the capacity of school- and community-based organizations, tailors NASA support 
to address local needs, and facilitates the infusion of NASA content into summer and out-of-school time learning. SoI 
is specifically targeted at underserved and underrepresented students in grades 4–9. In 2011, NASA and SoI made 

http://www.nasa.gov/offices/education/about/index.html
http://www.national-academies.org/
http://www.nap.edu/catalog.php?record_id=13165
http://www.nap.edu/catalog.php?record_id=13165
http://www.nasa.gov/offices/education/about/index.html
http://www.whitehouse.gov/issues/education/educate-innovate
http://www.nasa.gov/offices/education/programs/national/summer/home/index.html
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eight National Awards, partnered with more than 130 organizations and school districts through its Center awards, and 
distributed almost 200 Mini-Grant awards. The SoI project had a presence in 46 states, the District of Columbia, and 
Puerto Rico.  

The SoI project design aligns with the 2010 report from the President’s Council of Advisors on Science and Technology, 
which encourages partnerships between Federal education programs and non-profits while targeting underrepresented 
students. Because strategic partnerships significantly contribute to the execution and success of the SoI’s implemen-
tation, the 2011 solicitation required organizations to include partnerships with a local school or school district for the 
purposes of increasing the potential for scalability.  

In 2011, SoI made eight awards of up to $750,000 over four years to National Awardees—large, proven providers of 
STEM content to SoI’s targeted audiences. The selected organizations pledged to partner with school districts to 
provide 2,500 middle school students with forty hours of Summer of Innovation STEM activities or content during the 
summer and to provide 25 hours of content during the school year. To increase the STEM teaching capacity of the 
selected organizations and to further encourage collaboration between the formal and informal education communities, 
these SoI National Awards also required the participation of 150 certified teachers in delivering content to students. In 
addition, SoI provided forty hours of professional development to participating teachers.  

NASA’s Centers have extensive experience engaging local community partners in summer programming for students 
across the country. SoI 2011 Center Awards enhanced NASA’s ability to support STEM programming through the 
Centers’ collaborations with individual organizations or consortiums that benefited from the use of Center resources, 
facilities, and personnel. NASA awarded an average of $150,000 in 
SoI funding to each of the nine NASA Centers and the Jet Propul-
sion Laboratory. In turn, each Center leveraged partnerships with 
schools and/or summer learning organizations to provide 20 hours 
of SoI STEM content to 1,500 middle school students.  

SoI partnerships were also formed with small and non-traditional 
NASA audiences. During the pilot of the SoI project in 2010, numer-
ous organizations expressed interest in partnering with NASA in 
Summer Learning. Many of the organizations that provide oppor-
tunities to the SoI target audience are community based, and 
do not have substantial experience in government partnerships.  
NASA used the mini-grant opportunity to focus on these smaller 
organizations across the country to introduce them to Summer of 
Innovation content and themes. In partnership with the National 
Space Grant Foundation, SoI awarded mini-grants of up to $2,500 
to sites to provide at least six hours of NASA STEM content to 
students or professional development to teachers during summer 
and out-of-school time.

NASA and the LEGO Group partner to inspire children to build and explore the future

A LEGO Space Shuttle that headed to orbit marked the November 2010 signing of a Space Act Agreement between 
NASA and the LEGO Group to spark children’s interest in STEM. The partnership marks the beginning of a three-year 
agreement that will use the inspiration of NASA’s space exploration missions and the appeal of the popular LEGO bricks 
to spur children’s interest in STEM. The theme of the partnership is “Building and Exploring Our Future.” 

To commemorate this new relationship, the small LEGO Shuttle launched with the crew of the Space Shuttle Discovery 
on its final mission, which launched February 24, 2011, from NASA’s Kennedy Space Center in Florida. As part of the 
Space Act Agreement, NASA also sent special LEGO sets to the International Space Station aboard Shuttle Endeav-
our’s STS-134 mission in May 2011. 

As part of NASA and the LEGO Group’s partnership kickoff, the Kennedy Space Center set up a 40-by-70-foot activity 
tent on November 2, 2010, at the Shuttle launch viewing site on the NASA Causeway. The partners invited children of all 
ages to get creative and build their vision of the future with LEGO bricks. (Read more about this story.)

Students participate in a SoI activity conducted by 
Tomorrow’s Aeronautical Museum in Compton, Cali-
fornia. NASA partnered with over 130 organizations for 
SoI in 2011 through National Awards, Center Awards, 
and Mini-Grants. (Credit: TAM)

http://www.whitehouse.gov/administration/eop/ostp/pcast
http://www.jpl.nasa.gov/
http://www.jpl.nasa.gov/
http://www.lego.com/en-us/Default.aspx
http://www.nasa.gov/centers/kennedy/home/index.html
http://www.nasa.gov/audience/foreducators/nasa-lego-partnership.html
http://www.tamuseum.org/
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NASA’s partnership with LEGO Group couples the excite-
ment of NASA’s missions with kids’ love of builiding with 
the iconic LEGO bricks. Projects with LEGO not only foster 
creativity and inspire the next generation of explorers, but 
also instill in the young builders a real sense of the engi-
neering and design principles that NASA uses every day. 

The LEGO Group has released four NASA-inspired prod-
ucts in their LEGO CITY line throughout 2011. In addition 
to the Space Shuttle, they have released a Space Moon 
Buggy, a Space Center, and a Satellite Launch Pad. The 
space-themed products vary in terms of complexity, 
engaging audiences from young children to adult LEGO 
fans. Each product contains NASA-inspired education 
materials. (Visit the LEGO space product site at http://
www.legospace.com/.)

The Endeavor Science Teaching Certificate  
Project opens doors

Educators participating in the NASA Endeavor Science Teaching Certificate Project (ESTCP) receive professional devel-
opment that opens doors of opportunity for their students, as well as the educators themselves. In 2011, Endeavor 
Fellows had a new opportunity to use their coursework toward earning national board certification.

The Endeavor online professional development model is designed to create a national cadre of over 200 Endeavor Fel-
lows who demonstrate leadership in the use of NASA-related STEM content within their classrooms and in educator 
workshops at the district, regional, and state levels. Since 2009, the NASA ESTCP has funded up to 50 educators a 
year to participate in online graduate courses in a live format. Throughout their individualized professional development, 
Endeavor Fellows explore how they will incorporate the content and best practices in their respective classes. The 
required Action Research Plan and Methods in STEM Education courses require participants to apply and evaluate 
delivery of the content and instructional methods. U.S. Satellite Laboratory, Inc., and its partners of various state depart-
ments of education administer the ESTCP. 

ESTCP Fellow, Julie Gabrovic, had taught physical education for 18 years in Florida when her principal asked her if she 
would teach a science lab part time. To prepare for teaching science, Gabrovic subscribed to the NASA EXPRESS list-
serv. This listserv sends subscribers a weekly e-mail with information about NASA opportunities and teaching materials. 
It was through EXPRESS that Gabrovic learned of ESTCP. 

In addition to the required courses, Gabrovic selected three elective courses. It was her elective course “Lessons From 
the Ocean” that helped open doors of opportunity for Gabrovic and her students when they participated in a Webcast—
The Oilspill One Year Later—with professors from Columbia Teachers College and other NASA fellows. 

Additionally, during summer 2011, Gabrovic 
completed an internship at NASA’s God-
dard Space Flight Center in Greenbelt, 
Maryland. The internship was the result of a 
proposal that she submitted for an oppor-
tunity that was only available to Endeavor 
Fellows. The opportunity, Formal and Infor-
mal Planetarium Earth Data Partnership, 
calls for the Fellow and a planetarium edu-
cator to create an interactive exhibit for their 
local planetarium. Gabrovic’s exhibit will be 
based on the topic “How is the ocean an 
integral part of the water cycle?” 

Since participating in the 
ESTCP, Julie Gabrovic (right) 
has become the chair of the 
science department at her 
school and is part of the sci-
ence and mathematics task 
force in her school district. 
(Credit: J.Gabrovic)

Students build launch vehicles from a pile of LEGO bricks at 
the “Build the Future” event held on November 3, 2010. (Credit: 
NASA/B. Ingalls)

http://city.lego.com/en-US/default.aspx?icmp=COFranchiseUSCity
http://www.legospace.com/
http://www.legospace.com/
http://www.us-satellite.net/endeavor/index.cfm
http://www.us-satellite.net/
http://www.nasa.gov/centers/goddard/home/index.html
http://www.nasa.gov/centers/goddard/home/index.html
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Outcome 6.2
Promote STEM literacy through strategic partnerships with formal and informal organizations.

FY 2011 Performance Goal  FY 2011

Provide educator professional development experiences and materials that align to needs and opportunities identified by 
districts, states, Department of Education, professional organizations, and other stakeholders.

6.2.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

5,000 educators use NASA resources in their curricula after participating in NASA 
professional development.

7ED6
Green

8ED05
Green

9ED7
Green

10ED07
Green ED-11-7

Yellow
None None

9ED9
Green

10ED09
Green

Why NASA rated APG ED-11-7 Yellow: The ability to collect data from educators who have participated in NASA professional development 
is highly dependent upon those educators’ response rates to follow-up surveys. Currently, NASA sends follow-up surveys to educators who 
have participated in an Agency-sponsored professional development program via e-mail, 120 days after the educator’s experience. Tens of 
thousands of educators participate in NASA’s programs, but only a small percent complete and submit the follow-up surveys. In FY 2011, 
less than 5,000 educators replied to the survey. NASA is generally able to establish and maintain ongoing relationships with higher educa-
tion faculty because it is not difficult to obtain the necessary data on their use of NASA resources in their curricula. However, this proves to 
be extremely difficult with most K–12 and informal educators. Based on this, NASA continues to improve data collection methods. (See page 
157 for the Performance Improvement Plan.)

FY 2011 Performance Goal FY 2011

Provide expertise in the development of STEM education policies and strategies. 6.2.1.2
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Provide expertise to support the National Academies development of a framework 
for integrated science and engineering standards. None None None None

ED-11-8
Green
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Outcome 6.3
Engage the public in NASA’s missions by providing new pathways for 
participation.

NASA encourages active participation in the Agency’s programs and Mission, consistent with the philosophy of govern-
ment transparency. Participatory engagement seeks to include the public in the adventure and excitement of NASA’s 
activities and tap into individual creativity and capabilities to enhance its work in science, discovery, and exploration.

NASA’s participatory engagement activities, led by the Office of Communications, span the communications spectrum 
ranging from passive activities—like watching online NASA videos—to highly interactive activities that use NASA-related 
social media tools or provide hands-on experiences. NASA also uses these activities to collaborate with the public on 
interpretation of data and discoveries. By increasing the mechanisms through which the public can directly and specifi-
cally contribute to NASA’s missions, the Office of Communications can bring additional creativity and capability to some 
of the biggest challenges, and leverage NASA’s resources to accomplish more toward the Agency’s goals.

Below is a summary of fiscal year activities for this outcome:

Using new technologies to reach the public

Some people may choose to participate simply by watching NASA Television or by visiting a NASA exhibit. Others 
choose to communicate with NASA via Twitter or Facebook, and actively participate in NASA events such as Tweet-
ups. Still others form teams to enter NASA challenges. By 2015, NASA’s goal is to establish a portfolio of participatory 
engagement opportunities throughout the Agency. 

In FY 2011, the NASA Office of Communications began creating a process to identify and promote participatory engage-
ment activities across the Agency, the first step toward establishing a baseline of activities. Each NASA program and 
mission would be encouraged to build some participatory engagement opportunities into their program design, and the 
Office of Communications will help each program and mission promote those opportunities to the appropriate audience. 

The Office of Communications will compile its findings about participatory engagement into a report to the Office of 
Management and Budget as part of a review process for future submission to Congress, per Section 408 of the NASA 
Authorization Act of 2008. 

NASA’s iPad app beams science straight to users

NASA satellites beam data from space; now the Agency is beaming 
it straight to iPads, placing NASA Earth science in the public’s hands. 

In July 2011, software and media specialists at the NASA Goddard 
Space Flight Center released a new iPad app—the NASA Visualiza-
tion Explorer—that allows users to easily interact with extraordinary 
images, video, and information about NASA’s latest Earth science 
research. The app’s science features include high-resolution movies 
and stills and short written stories to put all the pieces in context. Most 
of the movies are simply real satellite data, visualized. Other features 
include interviews with scientists and imagery from supercomputer 
modeling efforts. 

NASA’s iPad app makes science from NASA’s research efforts widely 
accessible in an engaging, easy-to-consume, thoroughly modern 
style. The visualization capabilities of the app add meaning to the often 
intangible, but essential data delivered from NASA research. 

Work began on the NASA Visualization Explorer shortly after Apple released its electronic tablet in April 2010. The 
design team for the application’s user interface knew immediately that the iPad provided the perfect platform to show-
case NASA science. 

The NASA Visualization Explorer (shown here) joins 
NASA’s other free iPad apps, all released in 2011: 
AstroApp: Space Shuttle Crew, NASA Television, 
AstroApp: Space Station Crew, and NASA Desert 
RATS Virtual Test Site. (Credit: NASA)

http://www.nasa.gov/multimedia/nasatv/index.html
http://twitter.com/intent/follow?original_referer=http%3A%2F%2Fwww.nasa.gov%2Fhome%2Findex.html&screen_name=NASA&source=followbutton&variant=1.1
http://www.whitehouse.gov/omb/
http://www.whitehouse.gov/omb/
http://www.nasa.gov/centers/goddard/home/index.html
http://www.nasa.gov/centers/goddard/home/index.html
http://itunes.apple.com/us/app/nasa-visualization-explorer/id448700202?mt=8
http://itunes.apple.com/us/app/nasa-visualization-explorer/id448700202?mt=8
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The app, which is free from the iTunes App Store, includes 
social networking interfaces, like links to Facebook and 
Twitter for easy sharing of stories. 

TEDxNASA comes to the west coast

On August 17, 2011, TEDxNASA@SiliconValley became the 
Agency’s first such event held on the west coast. Held in 
San Francisco, this independently organized event was in 
the spirit of the TED (technology, entertainment, and design) 
conferences that bring together leading thinkers to create a 
dialogue about important global challenges.  

Attendees and visitors at TEDxNASA@SiliconValley gath-
ered to discuss the theme “Extreme Green.” Those who 
could not attend on site could participate online with chat 
and streaming video. The goal of TED events is to bring 
together people with diverse backgrounds and points of 
view, and the August event lived up to this goal by hosting a 
genome scientist, an environmental visionary, an astronaut/
engineer, a test pilot, a filmmaker, a singer/songwriter, and 
many others.

Representatives from Center Media and Public Relations Offices, which serve the Office of Communications, coordinate 
the events with partners from professional organizations and industry. Visit the TEDxNASA site for information about 
upcoming and past events.

Outcome 6.3
Engage the public in NASA’s missions by providing new pathways for participation.

FY 2011 Performance Goal  FY 2011

By 2015, establish an Agency-wide portfolio of participatory engagement opportunities. 6.3.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Identify candidate mechanisms to encourage public engagement in NASA pro-
grams and missions. None None None None

AMO-11-20
Green

Visitors at TEDxNASA@SiliconValley 
pass by rows of monitors, includ-
ing one showing images taken by 
the Solar Dynamics Orbiter (SDO). 
(Credit: TEDxNASA)

http://tedxnasa.com/silicon-valley/
http://www.ted.com/
http://tedxnasa.com/
http://www.nasa.gov/mission_pages/sdo/main/index.html
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Outcome 6.4
Inform, engage and inspire the public by sharing NASA’s missions,  
challenges, and results.

The opportunities and means for sharing information have increased tremendously with the Internet, social media, and 
other new technologies. For scientific and programmatic announcements, NASA continues traditional communications 
activities like issuing press releases, hosting media events, and providing photographs and videos of missions and 
events. Additionally, the Office of Education, the Office of Communications, and the mission directorates are expanding 
their content to reach more diverse audiences. For example, interactive experiences with astronauts, scientists, and 
engineers, through an online presence and other outreach events, are well-suited for engaging the public and students. 
As discussed in Outcome 6.3, the Office of Communications is taking advantage of recent and emerging technologies 
and media (Tweetups, live streaming video, social media) to deliver NASA information to a more diverse audience.

NASA’s education strategy includes a targeted effort to refresh current linkages and develop new ties with the education 
community, Federal agencies, corporations, and nonprofit organizations to infuse NASA’s science, technology, engi-
neering, and mathematics (STEM) content into classrooms and beyond. NASA promotes STEM literacy and awareness 
of its mission through strategic partnerships and linkages between formal and informal education providers. The Office 
of Education partners with industry stakeholders, academic institutions, museums, science centers, planetariums, Chal-
lenger Centers for Space Science Education, and other Federal agencies like the Department of Education. 

NASA shares the direct results of its missions by releasing scientific data to researchers and other government agencies. 
The Agency contributes data to online portals like http://www.data gov, allowing its use by anyone with the capability 
to access it. NASA Web sites host a wealth of mission and program information, and NASA participates fully in Admin-
istration initiatives for transparency by providing specific program and project information through information-sharing 
portals.

Below are some of the activities that contributed to this outcome:

Space Shuttle launch provides unique event opportunity for students and NASA Education

In conjunction with the final Space Shuttle flight, STS-135, the Office of Education used a cutting edge style of confer-
ence developed by tech companies to gather feedback from its constituents called an “unconference.” An unconfer-
ence has no set agenda or prescribed desired outcome. Instead, the participants (in this case students) rather than the 
organizers guide the discussions, encourage creative interaction, and debate among the attendees. NASA invited 200 
affiliated high school, undergraduate and graduate students to attend the STS-135 unconference, held the day before 
the launch of STS-135, July 8, 2011, at the Marriott World Center in Orlando, Florida. Students came from 20 states, the 
farthest being Alaska. 

The unconference was a listening exercise for NASA, allowing Education and other NASA leaders to learn about stu-
dents’ interests and vision for the future of NASA and the U.S. space program. There were four specific interest areas 
the students discussed: aeronautics, space exploration, robotics, and technology. NASA invited subject matter experts 
both from NASA and organizations specializing in each area to work with NASA Education facilitators and NASA Student 
Ambassadors to answer students’ questions and to facilitate a free form conversation. Throughout the day, sessions 
became quite spirited with students debating the finer points of the various subject areas.  

(Left) A college student listens intently 
during the Subject Matter Experts’ 
Reflections panel at the STS-135 
Unconference. (Right) NASA Associ-
ate Administrator for Education, Leland 
Melvin, provided closing remarks at the 
STS-135 Unconference.  As a NASA 
Astronaut who has flown on two space 
shuttle missions, Melvin serves as an 
inspirational leader and role model to 
encourage students in their pursuit of 
STEM-related studies. (Credit, both 
photos: Corporate Visual Services/ T. 
Cuffel)

http://www.nasa.gov/offices/education/about/index.html
http://www.challenger.org/
http://www.challenger.org/
http://www.ed.gov/
http://www.data gov
http://www.nasa.gov/mission_pages/shuttle/shuttlemissions/sts135/main/index.html
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Once the breakout sessions were complete, the invited subject matter experts lead a reflection panel and provided to 
the students feedback on the day’s discussions. This led to a discussion about how NASA could further students’ inter-
est in STEM studies. 

The following day, all 200 students and approximately 400 VIP Office of Education guests attended the final launch of 
the Space Shuttle, STS-135.

Delivering information to the public—faster and better

By using social media tools and direct interaction with stakeholders, NASA is able to listen to the American taxpayer, 
as well as inform them about NASA missions and challenges. Through traditional and emerging tools, NASA broadly 
shares timely, accurate and consistent information, and promotes and open, transparent government. NASA is work-
ing to coordinate its activities across the Agency through a framework, governance model, implementation plan and 
portfolio for all NASA communications activities. Furthermore, NASA is complying with federal laws and regulations for 
the Freedom of Information Act (FOIA), under which the public can request records from Federal agencies. In FY 2011, 
NASA reduced the backlog of FOIA responses by 25 percent. The improvement is due to collaboration, streamlining the 
program and processing in accordance with the law. The elimination 
of the backlog allows NASA’s FOIA Office to address and process all 
requests immediately within the constraints of the law. 

NASA joins USA Science & Engineering Festival in 
Washington

NASA joined more than 500 science organizations in late October 
2010 to inspire the next generation of scientists and engineers during 
the first national science and engineering festival to be held in the 
Nation’s capital. 

The USA Science & Engineering Festival began with activities in local 
schools and ended with a two-day expo on the National Mall and 
surrounding areas. The event also marked the culmination of NASA’s 
new Summer of Innovation pilot education initiative, aimed at engag-
ing middle school students in STEM activities during the summer 
break. The program reached more than 75,000 middle school stu-
dents during its inaugural year. 

The festival was a dynamic way to reach and excite students and the 
general public about NASA many scientific missions. Booths at the 

Hundreds of thousands of visitors—students, educators, and families—
explore NASA science and technology every year at the NASA visitor cen-
ters. Located near or on the site of each of NASA’s 10 Centers, each visitor 
center conveys the NASA story through each Center’s unique contribu-
tions.  In the Jet Propulsion Laboratory’s visitor center, full-scale spacecraft 
models take visitors on a tour of Earth, the solar system, and the universe 
through each robotic explorer’s experiences: Galileo to Jupiter; Voyager 1 
and 2 to Jupiter, Saturn, Uranus, Neptune, and beyond; and Mars Pathfinder 
and the Mars Exploration Rovers across the Red Planet’s surface.  Visitors 
can get up close and personal with meteorites from asteroid Vesta (currently 
being explored by NASA’s Dawn spacecraft), and an interactive model of a 
Deep Space Network tracking antenna.  Tour guides use a giant multi-touch 
screen to demonstrate scale in the solar system, the electromagnetic spec-
trum, and facilities at the Jet Propulsion Laboratory. Visitors also can watch 
over 70 engaging videos at stations around the room and explore scale 
models of the planets and other spacecraft. (Credit: NASA/JPL-Caltech)

During a 2011 Summer of Innovation camp, hosted 
by Langley Research Center and the Thomas Nelson 
Community College’s Williamsburg campus, a young 
rocketeer builds her rocket. NASA Langley’s informal 
education team worked with children from Big Broth-
ers/Big Sisters organization to build and launch the 
rockets. (Credit: NASA/S. Smith)

http://www.hq.nasa.gov/pao/FOIA/agency/index.html
http://www.usasciencefestival.org/
http://www.nasa.gov/offices/education/programs/national/summer/home/index.html
http://www.jpl.nasa.gov/
http://www.jpl.nasa.gov/missions/index.cfm?mission=Galileo
http://www.jpl.nasa.gov/missions/index.cfm?mission=Voyager
http://mars.jpl.nasa.gov/programmissions/missions/past/pathfinder/
http://marsrover.nasa.gov/home/index.html
http://www.jpl.nasa.gov/missions/index.cfm?mission=Dawn
http://deepspace.jpl.nasa.gov/dsn/
http://www.nasa.gov/centers/langley/home/index.html
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expo featured hands-on activities, demonstrations, and exhibits that brought exploration and discovery to life. Students 
also learned how to become involved in 2011 Summer of Innovation events. The Summer of Innovation pilot program, 
which began in June, used the same successful approach to engage middle school students across the Nation in STEM 
activities. 

Bringing NASA to the public

In FY 2011, 421 museums and science centers across the country actively engaged the public in major NASA events.  
Much of this engagement was facilitated through NASA’s Museum Alliance, a free-of-charge NASA STEM content facili-
tation service and online education community. The Museum Alliance offers educators real-time NASA information for 
use with all visitors to informal education institutions.  

Astronomy Day at the State Museum of Nebraska

Visitors to the State Museum of Nebraska on May 7, 2011, 
found some very modern items among the museum’s exist-
ing dinosaur exhibit—several NASA telescopes. The muse-
um’s Astronomy Day featured a unique opportunity for over 
500 visitors to see the telescopes and receive demonstra-
tions of how they work. 

The NASA Museum Alliance, which made the museum’s 
Astronomy Day possible, gives visitors access to current 
NASA science and technology by loaning NASA materials 
to museums. The Museum Alliance also provides the muse-
um’s staff professional development and access to NASA 
scientists and engineers. Over 800 professionals at more 
than 420 U.S. museums, science centers, planetariums, 
NASA Visitor Centers, Challenger Centers, observatories, 
parks, nature centers, zoos, and aquariums are partners in 
the Museum Alliance. Museum Alliance partners present a 
variety of space exploration and aeronautics programs and 
events—exhibits, planetarium shows, educator workshops, 
and special lectures—for their local communities.

Outcome 6.4
Inform, engage, and inspire the public by sharing NASA’s missions, challenges, and results.

FY 2011 Performance Goal  FY 2011

Leverage communities of practice to facilitate sharing of NASA successes and challenges with the public. 6.4.1.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

420 museums and science centers across the country actively engage the 
public in major NASA events. None

8ED06
Green

9ED11
Green

10ED10
Green

ED-11-9
Green

FY 2011 Performance Goal FY 2011

Use current and emerging communications technologies to reach increasingly broad audiences. 6.4.2.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Establish an Agency-wide portfolio of communication tools.
None None None None

AMO-11-21
Green

FY 2011 Performance Goal FY 2011

Make available Agency records through the Freedom of Information (FOIA), Privacy Act, and Open Government Initiative in 
accordance with federal laws and regulations.

6.4.3.1
Green

FY 2011 Annual Performance Goal FY07 FY08 FY09 FY10 FY 2011

Issue Agency-wide Freedom of Information Act (FOIA) tools to support consis-
tent responses to requesters. None None None None

AMO-11-22
Green

A guide at the State Museum of Nebraska shows a NASA 
telescope to visitors. (Credit: J. Dunn, University of Nebraska, 
Lincoln, Ralph Mueller Planetarium)

https://informal.jpl.nasa.gov/museum/index.cfm?space=holder&&CFID=11407356&CFTOKEN=30352860
http://www-museum.unl.edu/
http://informal.jpl.nasa.gov/museum/index.cfm?space=holder&&CFID=22808447&CFTOKEN=6d969e881862093c-FEDA1DD2-C794-CE74-E118E757C5015C72
http://www.challenger.org/
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Performance Improvement Plans by Category
This section provides the explanations and performance improvement plans for any unmet performance measures in 
FY 2011 and, where applicable, their link to the previous year’s performance. 

When a NASA program does not meet its commitment as stated in the annual performance plan, responsible program 
officials must explain the performance shortfall and provide an improvement plan for correcting the issue. This year, in 
an effort to provide better performance improvement plans, NASA assessed the explanations and looked for trends in 
root causes, to inform senior management on any cross-cutting corrective actions that may be warranted. In addition, 
NASA used the information on management and performance challenges, as identified by the NASA’s Office of Inspec-
tor General (OIG) and the Government Accountability Office (GAO), to help guide setting these improvement plans. 

In FY 2011, NASA’s OIG identified five areas that pose the top management and performance challenges to NASA 
leadership: the future of U.S. space flight, project management, infrastructure and facilities management, acquisition 
and contracting management, and information technology security and governance. GAO previously identified high risk 
factors along the same vein, including managing information technology, antiquated financial management systems, 
poor cost estimating, underestimated risks associated with development of major systems, and inadequate acquisition 
management in view of persistent cost growth and schedule slippage in the majority of projects. More information on 
OIG and GAO assessments of NASA can be found in the Management Challenges letter from NASA’s OIG located in 
this report (see page 247) and on the GAO High Risk Web site. 

With the themes presented by OIG and GAO in mind, NASA categorized the measures and information on their shortfalls 
to provide context to the reader for why groups of measures may have been unmet. NASA has placed its performance 
shortfalls, and ensuing improvement plans into the following categories:

•	 Measures	Requiring	Improved	Measurement	Methods	(page	157)

•	 Energy	Use	Management	(page	158)

•	 Safety	of	Workforce	and	Assets	(page	160)

•	 Taurus	XL	Launch	Vehicle	Failure	(page	162)

•	 Commercial	Space	Flight	Development	(page	165)

•	 Human	Spaceflight	Program	Transition	(page	167)

•	 Scientific	Research	and	Technology	Development	Process	(page	171)

•	 Baseline	Cost	and	Schedule	Changes	(includes	sub-categories	on	acquisition	management	challenges,	and	pro-
gram	planning	and	controls,	page	175)

•	 Workforce,	Workplace,	and	Diversity	(page	182)

IntroductionPerformance Improvement Plans

http://oig.nasa.gov/
http://oig.nasa.gov/
http://www.gao.gov/
http://www.gao.gov/highrisk/risks/high_risk.php
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Looking	forward,	NASA	will	build	upon	the	progress	already	made	within	some	of	these	categories,	such	as	corrective	
actions to mitigate cost growth and schedule slippage. Specifically, over the last five years, NASA fundamentally trans-
formed how it manages its programs and projects, acquisition strategies, and procurements, including strengthening 
program and project management, establishing more rigorous cost estimation practices, and revising procurement 
practices and systems.

In subsequent years, NASA will track progress toward these plans and analyze the performance improvement trends in 
an effort to strengthen Agency performance.
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 ST-11-15 (Performance Goal 3.4.1.3)
Accountable Organization: Innovative Partnerships Program
Greater than 35 percent of the Small Business Innovation Research and Small Business Technology Transfer 
(SBIR/STTR) Phase II technology projects awarded between 2004-2008 will be transferred into commercial prod-
ucts or services.

FY 2011
Red

Why Measure ST-11-15 was Not Met: Based on NASA’s current measurement method, NASA determined that it 
awarded 23.7% of SBIR/STTR projects (182 of 766) between 2004 and 2008 and had extended them past Phase 
II. NASA believes the numbers of commercialization successes are greater than the current methods indicate. To 
achieve commercialization, these projects used either NASA Phase III funds or an alternative source of non-NASA 
funding to develop the technology. Commercialization is a metric broadly defined by the SBA as a measure of the 
ability of SBIR/STTR contractors to successfully receive non-SBIR/STTR revenues for broad market, as well as 
other government applications, for technologies they developed under the SBIR/STTR programs. At NASA, this is 
defined as the sum of technology “infused” into NASA programs (metric 3.1.1.4), procured by other government 
agencies, and/or used in the commercial marketplace. The collection of non-NASA applications for this metric 
requires the voluntary sharing of information by SBIR/STTR contractors with NASA personnel. NASA continues to 
consider alternative methods of data collection that will lead to increasing accuracy in the measurement of com-
mercialization successes.  

FY 2011 Performance Improvement Plan: To acquire a greater amount of verifiable data, the SBIR/STTR 
program has instituted a survey as part of its 2011 SBIR/STTR solicitation requiring firms submitting proposals to 
share information with NASA on their success at commercializing technologies developed under previous SBIR/
STTR awards. Data from this survey will be collected and analyzed in FY 2012. NASA plans to continue to use 
surveys in future SBIR/STTR solicitations so that NASA can compile a database of past commercializations, and 
when combined with infusion data on NASA programs (metric 3.1.1.4), provide a more accurate accounting of the 
commercialization data requested in metric 3.4.1.3.
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ED-11-7 (Performance Goal 6.2.1.1)
Accountable Organization: Office of Education
5,000 educators use NASA resources in their curricula after participating in NASA professional development.

FY 2011
Yellow

Why Measure ED-11-7 was Not Met: The ability to collect data from educators who have participated in NASA 
professional development is highly dependent upon those educators’ response rates to follow-up surveys. Cur-
rently, NASA sends follow-up surveys to educators who have participated in an Agency-sponsored professional 
development program via e-mail, 120 days after the educator’s experience. Tens of thousands of educators 
participate in NASA’s programs, but only a small percent complete and submit the follow-up surveys. In FY 2011, 
less than 5,000 educators replied to the survey. NASA is generally able to establish and maintain ongoing relation-
ships with higher education faculty because it is not difficult to obtain the necessary data on their use of NASA 
resources in their curricula. However, this proves to be extremely difficult with most K–12 and informal educators. 
Based on this, NASA continues to improve data collection methods.

FY 2011 Performance Improvement Plan: NASA plans to explore more effective means for collecting follow-up 
data from educators who participate in Agency-sponsored professional development. This includes potentially 
decreasing the 120-day follow-up period, making the submission of survey responses a prerequisite for gaining 
continued access to certain curricular tools, or possibly direct follow-up by phone or focus group. NASA will also 
consider creative ways to possibly incentivize educators to submit completed surveys. NASA Education is cur-
rently collaborating with OMB to identify ways to strengthen the Agency’s surveying techniques and overall data 
collection methods.

Measures Requiring Improved Measurement Methods

NASA has an integrated system to plan strategy and implementation; monitor, assess, and evaluate performance toward 
commitments; identify issues; gauge programmatic and organizational health; and provide appropriate data and infor-
mation to NASA decision-makers. NASA’s planning and performance management processes provide data to Agency 
management through ongoing monthly and quarterly analyses and reviews; annual assessments in support of budget 
formulation (for budget guidance and issue identification, analysis, and disposition); annual reporting of performance, 
notification of management issues, and financial position; periodic, in-depth program or special purpose assessments; 
and recurring or special assessment reports to internal and external organizations. To ensure that these performance 
assessments provide the necessary information, NASA periodically revisits the effectiveness of its measures. Sometimes 
NASA identifies issues with the design of a measure, the method of data collection, or the practicality of a performance 
target, as well as some inaccuracies in metrics. This fiscal year, data collection methods for two measures did not yield 
enough information to accurately measure performance. NASA plans to improve on these data collection methods.  
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10FAC04
Accountable Organization: Office of Strategic Infrastructure
Reduce energy intensity for facility energy use by 3% per year, from the FY 2003 baseline, for a total reduction of 
30% (in Btu/gsf) by the end of FY 2015.

FY 2010
Red

Why Measure 10FAC04 was Not Met:  Energy intensity decreasing average of 1 percent annually and energy 
unit costs are increasing an average of 7.2 percent annually.

FY 2010 Performance Improvement Plan: NASA is working to meet energy intensity reduction requirements of 
3 percent per year and 30 percent by 2015, from the FY 2003 baseline. In an effort to assist Centers to administer 
their energy management programs, NASA Headquarters conducts Energy and Water Management Functional 
Reviews at a third of NASA Centers annually to help Centers improve their management systems and identifying 
and implementing energy conservation measures. In FY 2010, NASA invested $66 million for construction and 
revitalization projects at four NASA Centers that include major replacements of aging high energy use equipment 
with new energy efficient units, and initiated an Inter-Center Competition to reduce energy/water consumption. 
The competition encourages Centers to implement low-cost and no-cost initiatives to reduce energy and water 
usage. NASA will allocate $4 million of Strategic Institutional Investment funds for small energy and renewable 
projects in FY 2011 and an additional $22.3 million in FY 2012. This past fiscal year, NASA also initiated a Recapi-
talization Program that will replace aging facilities with new more energy efficient buildings.

Plan Update:   NASA’s progress is outlined below in the explanation and performance improvement plan for this 
same measure, which was reported on in FY 2011, as well.
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Performance Goal 5.2.3.2
Accountable Organization: Office of Strategic Infrastructure
HPPG: Conserve valuable natural resources by reducing NASA’s energy and water use.

FY 2011
Yellow

Why Performance Goal 5.2.3.2 was Not Met:  Final performance data for this goal will be available in January 
2012. Based on third quarter estimates and trending data, NASA expects to exceed its targets on the measures 
related to water use and fleet management, but fall short on the energy intensity goals. See rating explanation for 
ECR-11-1 for more detailed information on the energy intensity measure. 

FY 2011 Performance Improvement Plan:  Final performance data for this goal will be available in January 
2012.  Based on third quarter estimates and trending data, NASA reduced energy intensity by an estimated 1%, 
for an 8% reduction from 2003 baseline. The FY 2011 goal was 18% from the 2003 baseline and NASA expects 
to reduce energy intensity by 10% (+/- 2%) in that same timeframe.  Recent NASA topline budget reductions 
lowered funding planned for specific energy efficiency measures and new building construction, restoration and 
rehabilitation, which negatively impacted NASA’s energy conservation program and reduced chances of meeting 
federal requirements. Despite the reduced funding, NASA continues to work to reduce energy intensity, and dur-
ing FY 2010/FY 2011, the Agency completed construction and received LEED certification for 12 new buildings (1 
Certified, 2 Silver, 6 Gold, and 3 Platinum).  Three completed buildings are under review for certification (2 Silver 
and 1 Gold), and ten more buildings are under construction seeking LEED certification of Silver or Gold level in FY 
2012. Eleven buildings are in the design phase for Silver or Gold LEED level.

Energy Use Management

Since the mid-to-late 1980s, NASA has worked to reduce energy usage in its institutional buildings and mission instal-
lations. NASA made significant progress in meeting previous requirements (National Energy Conservation Policy Act, 
Federal Energy Management Improvement Act of 1988, and Energy Policy Act of 1992) to reduce energy intensity 
from an FY 1985 baseline. NASA implemented many of the high-yield investments that led to significant decreases in 
energy intensity, before statutory and executive order changes ( Energy Policy Act of 2005 and Executive Order 13423, 
Strengthening Federal Environmental, Energy, and Transportation Management), adopted an FY 2003 baseline year for 
further energy intensity reduction.  Additionally, Executive Order 13514, Federal Leadership in Environmental, Energy, 
and Economic Performance (2009), expanded upon the energy reduction and environmental performance require-
ments of E.O. 13423. The Agency will continue to improve our performance against targets for energy intensity, factoring 
all these requirements.

The performance measures below show the trend for energy intensity across a couple of years and NASA’s plans for 
continuing to reduce it annually.

http://www1.eere.energy.gov/femp/regulations/eo13423.html


Performance Improvement Plans

159NASA FY 2011 Performance and Accountability Report

Fi
sc

al
 Y

ea
r 

20
11

 
P

er
fo

rm
an

ce
 Im

p
ro

ve
m

en
t

ECR-11-1 (Performance Goal 5.2.3.2)
Accountable Organization: Office of Strategic Infrastructure
Reduce energy intensity use annually by three percent from an FY 2003 baseline.

FY 2011
Red

Why Measure ECR-11-1 was Not Met: Final performance data for this goal will be available in January 2012. 
Based on third quarter estimates and trending data, NASA reduced energy intensity by an estimated 1%, for 
an 8% reduction from 2003 baseline. The FY 2011 goal was 18% from the 2003 baseline and NASA expects to 
reduce energy intensity by 10% (+/- 2%) in that same timeframe. Recent NASA topline budget reductions lowered 
funding planned for specific energy efficiency measures and new building construction, restoration, and reha-
bilitation, negatively impacting NASA’s energy conservation program and reducing chances of meeting Federal 
requirements. Despite the reduced funding, NASA continues to work to reduce energy intensity, and during FY 
2010–FY 2011, the Agency completed construction and received LEED certification for 12 new buildings (1 Certi-
fied, 2 Silver, 6 Gold, and 3 Platinum). Three completed buildings are under review for certification (2 Silver and 1 
Gold), and ten more buildings are under construction seeking LEED certification of Silver or Gold level in FY 2012. 
Eleven buildings are in the design phase for Silver or Gold LEED level.

FY 2011 Performance Improvement Plan:  To continue efforts to reduce energy consumption and improve 
NASA’s aging infrastructure, the Agency designs and constructs new buildings to minimum LEED Silver standard.  
NASA is evaluating co-generation such as Combined Heat and Power (CHP) project at four Centers that have 
district type utility distribution systems. These large projects will reduce energy consumption, use waste heat to 
generate energy, and provide energy security. NASA is increasing energy savings performance contract (ESPC)/
utility energy service contract (UESC) projects at Centers and has created a position at Headquarters to support 
Centers with implementation and execution of these complex projects. The Agency has two UESC projects under 
way and has three additional UESCs under consideration. NASA is also executing four ESPCs at Centers and is 
reviewing two additional project opportunities. Additionally, NASA has performed an Agency survey for renewable 
energy project opportunities and is evaluating the final report for project identification. The Agency has applied for 
in-kind EUL authority with the FY 2012 budget request to implement large renewable energy projects.
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Outcome AS.4
Accountable Organization: Office of Safety and Mission Assurance
While promoting mission success, protect the public, NASA workforce, high-value equipment and property from 
potential harm as a result of NASA activities and operations by factoring safety, quality, risk, reliability, and main-
tainability as integral features of programs, projects, technologies, operations, and facilities.

FY 2010
Yellow

Why Outcome AS.4 was Not Met:  There were 12 permanent partial disability (Type B) mishaps that occurred to 
contract employees during FY 2010.

FY 2010 Performance Improvement Plan: Policy and procedures are currently in place to provide guidance and 
education to the NASA workforce (civil service and contractor employees) to minimize mishaps. Management is 
provided an out brief after each Type A or B mishap with the goal of disseminating information that will reduce the 
potential for future occurrences. 

Plan Update:  In FY 2010, there were no NASA Type A or NASA Type B injuries for the NASA civil servant work-
force and zero injuries or fatalities for the public. For FY 2010, there were 14 contractor Type B mishaps (after 
final Office of Workers Compensation Programs review and approval). For FY 2011, there were 10 type B contrac-
tor injuries reported, (an improvement (reduction) of 29%) from FY 2010. There was also a reduction by 50% in 
the amount of falls. There were no NASA Type A or NASA Type B injuries for the NASA civil servant workforce and 
zero injuries or fatalities for the public. But based on the number of Type B mishaps seen for contractors, and to 
assure continued performance against the goal, NASA Injury statistics were reviewed for trends and awareness 
campaigns were developed as needed. Based on the unfavorable trend of fall mishaps, a fall protection cam-
paign was developed at the NASA Safety Center along with fall prevention campaigns at the Centers. 
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10SMS02
Accountable Organization: Office of Safety and Mission Assurance
Assure no fatalities or permanent disabling injuries to the NASA workforce resulting from NASA activities during 
the fiscal year.

FY 2010
Red

Why Measure 10SMS02 was Not Met:  There were no fatalities or permanent, total disabilities (Type A) to the 
NASA workforce during the fiscal year. However, there were 12 permanent partial disability (Type B) mishaps that 
occurred to contract employees. This was an increase compared to the previous year. There were no Type A or 
B injuries to NASA civil service employees. NPR 8621.1 defines a Type A mishaps as a permanent total disability 
and Type B as an occupational injury and/or illness that has resulted in a permanent partial disability.

FY 2010 Performance Improvement Plan:  Policy and procedures are currently in place to provide guidance 
and education to the NASA workforce (civil service and contractor employees) to minimize mishaps. Management 
is provided an out brief after each Type A or B mishap with the goal of disseminating information that will reduce 
the potential for future occurrences.

Plan Update:  In FY 2011, there were zero fatalities and permanent disabiling injuries to the public and NASA civil 
servant workforce. Based on a review of trends of FY 2011 mishaps and close calls, NASA will be implementing 
an awareness campaign on Electrical Safety, and what Occupational Safety and Health Administration calls Con-
trol of Hazardous Energy, which includes Lockout/Tag out. NASA adjusted this measure in FY 2011 to incorporate 
reporting against the President’s POWER initiative.  

Safety of Workforce and Assets

NASA continues to have Safety as a core value. As stated in the 2011 NASA Strategic Plan, “NASA’s constant atten-
tion to safety is the cornerstone upon which we build mission success. We are committed, individually and as a team, 
to protecting the safety and health of the public, our team members, and those assets that the Nation entrusts to the 
Agency.” For years, NASA has maintained high goals for safety and statistically exceeds much of the federal government 
on aspects such as lost time due to work-related injuries and illnesses. These standards are maintained despite the 
risky nature of spaceflight and the unique challenges it poses. The Agency has taken a “holistic” approach to addressing 
all the aspects of safety for the public, NASA employees, contractors and partners, and assets. Measures are tracked 
internally with senior management on a monthly basis, and key indicators are reported externally, including in the annual 
performance report. New policies, procedures, and corrective actions are implemented as specific issues or undesir-
able trends are seen in the data.  

The table below demonstrates several key indicators where NASA did not meet its targeted goals and how performance 
toward these will be improved.  
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 AMO-11-10 (Performance Goal 5.2.1.2)
Accountable Organization: Office of Safety and Mission Assurance
Reduce Total Case Rate and Lost Time Case Rate by one percent, in accordance with the President’s Protecting 
Our Workers and Ensuring Reemployment (POWER) initiative.

FY 2011
Red

Why Measure AMO-11-10 was Not Met:  At year-end, NASA was about 2 times lower (better) than the Presi-
dent’s Protecting our Workers & Ensuring Reemployment (POWER) goal for TCR and 5 times lower (better) than 
the POWER goal for LTCR.  However, NASA undertook a stretch goal of lowering the Agency’s already low rates 
by 1%, from the POWER baseline goal year (FY 2009).  The data for this calculation is current through the third 
quarter (fourth quarter data is not available until December), with end-of-year projections by the Department of 
Labor’s Office of Workers’ Compensation Programs, who must validate and accept these cases, that place NASA 
at small upswings in both TCR and LTCR from the FY 2009 base year (thus missing the 1% internal goal).  Even 
with the slight upswings, NASA still remains one of the best in the government, and still significantly below (better 
than) the POWER goals.  

FY 2011 Performance Improvement Plan:  Since NASA’s rate already exceeded (better than) the Presidents 
POWER initiative and is one of the lowest in the government, NASA did not take any global initiatives to reduce 
this already excellent rate. However, spot initiatives were developed field center by field center to address spe-
cific trends in lost time and close call incidents. 
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Performance Goal 5.2.1.3
Accountable Organization: Office of Safety and Mission Assurance
By 2015, reduce damage to NASA assets by eight percent from the 2010 baseline.

FY 2011
Red

Why Performance Goal 5.2.1.3 was Not Met:  NASA does not anticipate meeting this performance goal by 
2015, due to the Glory launch vehicle mishap, in fiscal year 2011. This goal is based on the average across five 
years of all realized costs of the damage to NASA’s assets.  Based on the magnitude of the cost of the loss of 
the Glory mission, the five year average will show a growth, rather than a reduction by 2015, irrespective of no 
damage beyond FY 2011.  However, with mission failure costs taken out and accounted for separately, NASA is 
projected to meet the institutional property and facility loss goals, that also feed this performance goal.

FY 2011 Performance Improvement Plan:  NASA created the Glory Satellite Mishap Investigation Board to 
evaluate the cause of the failure.  The board began its investigation in March 2011.  Members will gather informa-
tion, analyze the facts, identify the failure’s cause or causes and identify contributing factors. The board will make 
recommendations to the NASA administrator to prevent similar incidents.  The endorsed mishap report findings 
and recommendations will be reviewed by NASA senior management for both programmatic and for institutional 
failures, and corrective action will be taken as needed.
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AMO-11-11 (Performance Goal 5.2.1.3)
Accountable Organization: Office of Safety and Mission Assurance
Reduce damage to NASA assets by two percent per fiscal year, based on a five-year running average.

FY 2011 
Red

Why Measure AMO-11-11 was Not Met: NASA does not anticipate meeting this performance goal by 2015 due 
to the Glory launch vehicle mishap in fiscal year 2011. This goal is based on the average across five years of all 
realized costs of the damage to NASA’s assets.  Based on the magnitude of the cost of the loss of the Glory mis-
sion, the five year average will show a growth, rather than a reduction by 2015, even if there is no damage to any 
other NASA assets beyond FY 2011. However, with mission failure costs taken out and accounted for separately, 
NASA is projected to meet the institutional property and facility loss goals that also feed this performance goal.

FY 2011 Performance Improvement Plan:  NASA created the Glory Satellite Mishap Investigation Board to 
evaluate the cause of the failure. The board began its investigation in March 2011.  Members will gather informa-
tion, analyze the facts, identify the failure’s cause or causes and identify contributing factors. The board will make 
recommendations to the NASA administrator to prevent similar incidents.  The endorsed mishap report findings 
and recommendations will be reviewed by NASA senior management for both programmatic and for institutional 
failures, and corrective action will be taken as needed.

Additional Context 

Performance Goal 5.2.1.2: By 2015, achieve a four percent reduction in the total case rate and lost time 
rate for the NASA civil service work force is rated Green. NASA expects to remain on track for this perfor-
mance goal under the current extrapolated projection, based on past trends.



162 Detailed Performance

Performance Improvement Plans

Taurus XL Launch Vehicle Failure

The Glory Earth-observing satellite was intended to improve our understanding of how the Sun and tiny atmospheric 
particles called aerosols affect Earth’s climate. On March 4, 2011, Glory launched from Vandenberg Air Force Base in 
California. The countdown and launch went smoothly until the point at which the fairing should have separated from the 
vehicle. Telemetry indicated that the launch vehicle failed because the fairing, the protective shell atop the rocket, did 
not separate as expected about three minutes after launch, and as a result the launch vehicle did not deliver the Glory 
spacecraft to orbit.  NASA has created a Mishap Investigation Board to evaluate the cause of the failure. 

NASA’s previous launch attempt of an Earth science spacecraft, the Orbiting Carbon Observatory onboard a Taurus XL 
on February 24, 2009, also failed to reach orbit when the fairing did not separate. NASA’s Orbiting Carbon Observatory 
Mishap Investigation Board reviewed the launch data and the fairing separation system design and developed a correc-
tive action plan. The plan was implemented by Taurus XL manufacturer Orbital Sciences Corporation. In October 2010, 
NASA’s Flight Planning Board confirmed the successful closure of the corrective actions.  

This second launch failure had far reaching impacts on NASA’s reported performance. Multiple measures demonstrate 
the impact of the Glory launch mishap, which is reflective of how NASA works in an integrated manner, across multiple 
organizations, to ensure mission success. Since 1998, NASA has averaged a 97 percent mission success rate for all 
missions using expendable launch vehicles. The Office of Safety and Mission Assurance supports this success rate 
through the development, implementation, and oversight of Agency-wide safety, reliability, maintainability, and quality 
assurance policies and procedures. The Human Exploration and Operations Mission Directorate’s Launch Services 
Program (LSP) works closely with other U.S. government agencies and the launch industry to ensure that the most safe, 
reliable, on-time, cost-effective commercial launch opportunities are available on a wide range of launch systems.  The 
Science Mission Directorate develops and manages these missions and works with LSP to match their requirements 
with the appropriate reliable and available launch vehicle. 

NASA will consider the results of the investigation when determining the next steps for providing reliable mid-sized launch 
services for NASA science missions. The lessons from addressing this mishap will respond to how all of these organiza-
tions continue to work together to ensure future mission success, which is reflected in the performance improvement 
plans outlined below.

Mission Assurance and Launch Rate Success
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Performance Goal 5.2.1.3
Accountable Organization: Office of Safety and Mission Assurance
By 2015, reduce damage to NASA assets by eight percent from the 2010 baseline.

FY 2011
Red

Why Performance Goal 5.2.1.3 was Not Met: NASA does not anticipate meeting this performance goal by 2015, 
due to the Glory launch vehicle mishap in fiscal year 2011. This goal is based on the average across five years of 
all realized costs of the damage to NASA’s assets.  Based on the magnitude of the cost of the loss of the Glory 
mission, the five year average will show a growth, rather than a reduction by 2015, even if there is no damage to 
any other NASA assets beyond FY 2011.  However, with mission failure costs taken out and accounted for sepa-
rately, NASA is projected to meet the institutional property and facility loss goals that also feed this performance 
goal.

FY 2011 Performance Improvement Plan:  NASA created the Glory Satellite Mishap Investigation Board to 
evaluate the cause of the failure.  The board began its investigation in March 2011. Members will gather informa-
tion, analyze the facts, identify the failure’s cause or causes and identify contributing factors. The board will make 
recommendations to the NASA administrator to prevent similar incidents. The endorsed mishap report findings 
and recommendations will be reviewed by NASA senior management for both programmatic and for institutional 
failures, and corrective action will be taken as needed.
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SFS-11-2 (Performance Goal 5.4.1.1)
Accountable Organization: Human Exploration and Operations Mission Directorate, Launch Ser-
vices Program
Sustain 100 percent success rate with the successful launch of NASA-managed expendable launches as identi-
fied on the Launch Services Flight Planning Board manifest.

FY 2011
Yellow

Why Measure SFS-11-2 was Not Met: This annual performance goal was not met due to the loss of the Glory 
mission. NASA’s Glory satellite did not reach orbit after its liftoff on March 4, 2011, due to a launch vehicle mis-
hap. The Launch Services Program successfully launched the other three missions scheduled for this fiscal year.  
Aquarius successfully launched aboard a Delta II launch vehicle on June 10, 2011 from Vandenberg Air Force 
Base, CA. The Juno mission launched aboard an Atlas V rocket on August 5, 2011, from Cape Canaveral Air 
Force Station, FL. And lastly, the GRAIL mission launched aboard a Delta II Heavy launch vehicle on September 
10, 2011. 

FY 2011 Performance Improvement Plan:  NASA created the Glory Satellite Mishap Investigation Board to 
evaluate the cause of the failure. The board began its investigation in March 2011. Members will gather informa-
tion, analyze the facts, identify the failure’s cause or causes and identify contributing factors. The board will make 
recommendations to the NASA administrator to prevent similar incidents. The endorsed mishap report findings 
and recommendations will be reviewed by NASA senior management for both programmatic and for institutional 
failures, and corrective actions will be taken as needed.

Additional Context 

Performance Goal 5.4.1.1: Complete Launch Services Program (LSP) objectives for all NASA-managed 
expendable launches is rated Green. On average NASA, achieves its success rate for expendable launches, 
and expects to remain on track for future planned ones.  

Performance Measure ES-11-12: Complete the National Polar-orbiting Operational Environmental Satellite 
System (NPOESS) Preparatory Project (NPP) Mission Readiness Review is rated Green. This annual perfor-
mance goal was met.  The NPP Mission Readiness Review was completed on September 6, 2011.
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Accountable Organization: Office of Safety and Mission Assurance
Reduce damage to NASA assets by two percent per fiscal year, based on a five-year running average.

FY 2011
Red

Why Measure AMO-11-11 was Not Met: This annual performance goal will not be met in FY 2011, due to the 
failure of the Taurus XL launch vehicle which resulted in the loss of the Glory mission. Based on the magnitude of 
the cost of the loss of the Glory mission, FY 2011 will see a growth from FY 2010, rather than a reduction. 

FY 2011 Performance Improvement Plan:  NASA created the Glory Satellite Mishap Investigation Board to 
evaluate the cause of the failure.  The board began its investigation in March 2011.  Members will gather informa-
tion, analyze the facts, identify the failure’s cause or causes and identify contributing factors. The board will make 
recommendations to the NASA administrator to prevent similar incidents. The endorsed mishap report findings 
and recommendations will be reviewed by NASA senior management for both programmatic and for institutional 
failures, and corrective actions will be taken as needed.
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Accountable Organization: Science Mission Directorate, Earth Science Division
HPPG: In support of studying Earth from space, NASA will make significant progress towards completion of the 
integration, test, launch, validation, and initiation of early on-orbit operations of the Glory and NPOESS Prepara-
tory Project (NPP) missions prior to the end of fiscal year 2011.

FY 2011
Red

Why Performance Goal 2.1.5.2 was Not Met: This high priority performance goal was not met, due to the loss 
of the Glory mission when the fairing from the Taurus XL launch vehicle failed to separate from the rocket. The 
National Polar-orbiting Operational Environmental Satellite System (NPOESS) Preparatory Project (NPP) mission 
was successfully launched on October 28, 2011.

FY 2011 Performance Improvement Plan: NASA continues to take actions to mitigate any impacts from the 
Glory launch mishap. The Science Mission Directorate (SMD) is evaluating the loss of the mission on the long-
term science objectives and discussing the options available to keep on-track toward this performance goal. 
The relative priority for replacing the Glory measurements will be considered in the context of the Earth Science 
portfolio and all of its objectives.
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ES-11-13 (Performance Goal 2.1.5.2)
Accountable Organization: Science Mission Directorate, Earth Science Division

Complete the Glory Launch Readiness Review.

FY 2011
Red

Why Measure ES-11-13 was Not Met: The Glory Launch Readiness Review was completed on February 21, 
2011, with a second review completed on March 2, 2011. The spacecraft and instruments were checked out and 
prepared to successfully begin their mission. However, the Glory mission, which was launched from Vandenberg 
Air Force Base on March 4, 2011, did not reach orbit, due to a mishap with the launch vehicle. Initial evidence 
suggests that the fairing, which protects the spacecraft during takeoff atop the Taurus XL launch vehicle, did not 
separate as required, when it reached the appropriate altitude.  

FY 2011 Performance Improvement Plan: See the FY 2011 Performance Improvement Plan for Performance 
Goal 2.1.5.2 above.
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Outcome 5.2
Accountable Organization: Exploration Systems Mission Directorate, Constellation Systems
By 2010, demonstrate one or more commercial space capabilities for ISS cargo and/or crew transport.

FY 2010
Yellow

Why Outcome 5.2 was Not Met:  Both partners, Space Exploration Technologies Corporation (SpaceX) and 
Orbital Sciences Corporation (Orbital), are making progress in demonstrating their respective transportation 
capabilities. The partners moved their initial demonstration flights to FY 2011 due to technical issues encountered 
during development efforts.

FY 2010 Performance Improvement Plan:  SpaceX is planning for its first ISS demonstration flight in late fall 
2010, with remaining flights scheduled for later in FY 2011. Orbital currently is planning its demonstration flight for 
fall 2011.

Plan Update: NASA Commercial Orbital Transportation Services (COTS) partner SpaceX successfully completed 
their Demonstration 1 mission on December 8, 2010.
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10CS07
Accountable Organization: Exploration Systems Mission Directorate, Constellation Systems
In FY 2010, have at least one partner demonstrate flight proximity operations with ISS.

FY 2010
Yellow

Why Measure 10CS07 was Not Met:  Both partners, SpaceX and Orbital, made progress in demonstrating their 
respective transportation capabilities. The partners moved their initial demonstration flights to FY 2011 due to 
technical issues encountered during development efforts and are continuing toward demonstrating flight opera-
tions with ISS in FY 2011.

FY 2010 Performance Improvement Plan:  The second SpaceX flight, in June 2011, will demonstrate flight prox-
imity operations with ISS. Orbital currently anticipates scheduling its demonstration flight for FY 2012.

Plan Update: APG 10CS07 was not completed in FY 2011 due to development challenges. Partner experienced 
delays as their program transitioned from design to integration and test; however, they continue to make technical 
progress toward their development and demonstration milestones. These challenges continue to be resolved, and 
NASA continues to work with our partners.

Commercial Space Flight Development

Throughout FY 2010, NASA’s Commercial Orbital Transportation Services (COTS) partners, SpaceX and Orbital, contin-
ued to make progress toward developing systems to provide cargo resupply services to the International Space Station.  
Commercial development is a new way of doing business for NASA, and the partners continue to learn and make prog-
ress. As the partners have transitioned from development to integration and testing, they have encountered technical 
challenges similar to the development of any major space system. Subsequently, the resolution of these challenges has 
caused delays to the partners’ demonstration flights into FY 2011.  

In December 2010, SpaceX launched its first demonstration of its COTS transportation capabilities. Both SpaceX and 
Orbital are expected to demonstrate proximity operations and berthing to the International Space Station (ISS) in FY 2012 
to complete the COTS milestones and prove maturity of the systems for ISS commercial resupply services. In FY 2011, 
NASA augmented funding of the COTS Space Act Agreements to add additional milestones for risk-mitigation, including 
a first-flight of Orbital’s Taurus II launch vehicle in December 2011. NASA continues to work actively with its partners to 
ensure success of the COTS development through completion of demonstration flights and start of commercial resup-
ply services to ISS in FY 2012.

The performance measures below demonstrate the technical challenges that are seen on the development of any major 
space system and how both NASA and its partners will continue to address these, to head toward success.
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Additional Context 

Performance Measure CS-11-1: Conduct a minimum of one commercial cargo demonstration flight of 
new cargo transportation systems is rated Green. NASA’s Commercial Orbital Transportation Services (COTS) 
partner SpaceX successfully completed its Demonstration 1 mission on December 8, 2010. Further details can 
be seen at http://www.nasa.gov/home/hqnews/2010/dec/HQ_10-327_SpaceX_Launch.html.
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CS-11-2 (Performance Goal 1.2.1.1)
Accountable Organization: Human Exploration and Operations, Commercial Spaceflight
Conduct a minimum of one commercial cargo demonstration flight of proximity operations with ISS.

FY 2011
Yellow

Why Measure CS-11-2 was Not Met:  This annual performance goal was not met in FY 2011 and is planned 
to occur in FY 2012. This performance target was not accomplished due to development challenges by NASA’s 
partners. These partners experienced delays as their programs transitioned from design to integration and test, 
and they both continue to make technical progress toward their development and demonstration milestones. 

FY 2011 Performance Improvement Plan:  SpaceX and Orbital continue to make progress, mitigating risk 
and solving technical challenges, and plan a demonstration of proximity operations with ISS in FY 2012. Dur-
ing FY 2011, NASA negotiated additional risk mitigation milestones with each partner. The additional milestones 
help to improve mission success by (1) augmenting ground and flight testing; (2) accelerating development of 
enhanced cargo capabilities; or (3) further developing ground infrastructure needed for commercial cargo capa-
bilities.
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CS-11-3 (Performance Goal 1.2.1.1)
Accountable Organization: Human Exploration and Operations, Commercial Spaceflight
Conduct a minimum of one safe berthing of commercial cargo transportation systems with the ISS.

FY 2011
Yellow

Why Measure CS-11-3 was Not Met: This annual performance goal was not met in FY 2011 and is planned to 
occur in FY 2012. This performance target was not accomplished due to development challenges by NASA’s part-
ners. These partners experienced delays as their programs transitioned from design to integration and test, and 
they both continue to make technical progress toward their development and demonstration milestones. 

FY 2011 Performance Improvement Plan: SpaceX and Orbital continue to make progress and plan to conduct 
a minimum of one safe berthing of commercial cargo transportation systems with the ISS in FY 2012. Dur-
ing FY 2011, NASA negotiated additional risk mitigation milestones with each partner to help improve mission 
success.
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10CS08

Accountable Organization: Exploration Systems Mission Directorate, Constellation Systems
By the end of FY 2010, conduct one or more demonstration flights to, and berth with, the ISS.

FY 2010
Yellow

Why Measure 10CS08 was Not Met:  Both partners, SpaceX and Orbital, made progress in demonstrating their 
respective transportation capabilities. The partners moved their initial demonstration flights to FY 2011 due to 
technical issues encountered during development efforts and are continuing toward demonstration flights to, and 
berthing with, ISS in FY 2011.

FY 2010 Performance Improvement Plan:  SpaceX is planning for its third demonstration flight to, and berth 
with, ISS in late FY 2011. Orbital currently anticipates scheduling its demonstration flight for FY 2012.

Plan Update: APG 10CS08 was not accomplished due to development challenges. Partner experienced delays 
as their program transitioned from design to integration and test, they both continue to make technical progress 
toward their development and demonstration milestones. These challenges continue to be resolved, and NASA 
continues to work with our partners.

http://www.nasa.gov/home/hqnews/2010/dec/HQ_10-327_SpaceX_Launch.html
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Outcome 1.2
Accountable Organization: Space Operations Mission Directorate, Space Shuttle Program
By December 31, 2010, retire the Space Shuttle.

FY 2010
Yellow

Why Outcome 1.2 was Not Met: The rating for 1.2 reflects an adjusted mission schedule that postpones Shuttle 
retirement activities in response to an Administration policy decision to extend Shuttle flights beyond 2010 to sup-
port the completion of the International Space Station.

FY 2010 Performance Improvement Plan: Based on the extended mission schedule, NASA plans to retire the 
Space Shuttle in 2011.

Plan Update: NASA completed the Space Shuttle manifest with the launch and landing of STS-135 in July 2011. 
NASA is executing the plans to display the four remaining orbiters—three operational orbiters and the program’s 
test vehicle—at institutions across the country to inspire the next generation of explorers and engineers.
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10ISS03
Accountable Organization: Space Operations Mission Directorate, International Space Station Pro-
gram
Per the final configuration agreed to by the International Partners, fly the ISS elements and logistics baselined for 
FY 2010.

FY 2010
Yellow

Why Measure 10ISS03 was Not Met: Due to technical difficulties and unforeseen delays, NASA was unable to 
fly all ISS elements and logistics planned for FY 2010.

FY 2011 Performance Improvement Plan: Consistent with an Administration policy decision, NASA has revised 
the Shuttle manifest and related logistics to accommodate the delays experienced in FY 2010 and anticipates ISS 
completion in FY 2011.

Plan Update: The Space Shuttle delivered the final elements of the ISS configuration in FY 2011.

Human Spaceflight Program Transition 

On July 8, 2011, NASA launched the Space Shuttle Atlantis (STS-135) as the last mission of the Space Shuttle Program. 
With the addition of STS-135 to the Space Shuttle launch manifest, the program was extended six months past the 
target date of retiring the Shuttle by the end of 2010. The delay of the original retirement date caused downrange effects 
on the transition of hardware, assets, and workforce to new human spaceflight programs. 

With the landing of Atlantis, NASA was able to begin transition and closeout of the Space Shuttle Program and pro-
ceed with the new direction of the Nation’s new beyond low-Earth orbit exploration program. In FY 2011, NASA began 
developing plans for implementing the Space Launch System (SLS) and Multi-Purpose Crew Vehicle (MPCV) projects, 
including transition of relevant design and developmental activities of the Constellation Program. In September 2011, 
NASA announced the selection of the new SLS and MPCV designs and is moving forward with transition of applicable 
work from the Ares and Orion projects toward a first light of the 70-ton SLS vehicle in 2017.  

The performance ratings in the table below demonstrate the combined delay of the Space Shuttle Program and the 
transition to the new programs, with their requisite start-up activities. NASA will strive to meet the goals set forth for 
MPCV and SLS in the coming years.
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10SSP03
Accountable Organization: Space Operations Mission Directorate, Space Shuttle Program
Complete close-out and transfer plans for all remaining Space Shuttle flight hardware elements and other major 
Space Shuttle property assets, including the disposition plans for the Orbiters and the means by which significant 
gaps in human spaceflight operations capabilities will be managed if needed to support future activities.

FY 2010
Yellow

Why Measure 10SSP03 was Not Met: The Agency’s decision to extend Space Shuttle flights into 2011 and the 
uncertainty regarding the future of the Constellation Program caused a delay in finalizing Shuttle asset disposition 
plans and resolving the human space flight gap.

FY 2010 Performance Improvement Plan: Disposition plans for the orbiters will be completed once NASA an-
nounces final display locations. NASA plans to resolve funding gaps for human spaceflight capabilities through 
the FY 2012 budget development process.

Plan Update: In April 2011, NASA announced plans to display the four remaining orbiters—three operational 
orbiters and the program’s test vehicle—at institutions across the country to inspire the next generation of explor-
ers and engineers. During FY 2011, NASA focused on finalizing plans to transfer Orbiters to their final display 
locations. Additionally, NASA released major Space Shuttle operations facilities at the Kennedy Space Center 
(including the Vehicle Assembly Building and Launch Complex 39-A) for future institutional and programmatic use.
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10SSP05
Accountable Organization: Space Operations Mission Directorate,  Space Shuttle Program
With the Constellation Program, complete and deliver one workforce transition strategy report update to Con-
gress in FY 2010.

FY 2010
Yellow

Why Measure 10SSP05 was Not Met:  Development of Workforce Transition Strategy reports has been 
rescheduled pending direction to the Agency following the release of the FY 2011 President’s Budget Submit, 
the proposed transition of the Constellation Program, and identification of future work. In the FY 2011 budget 
process, the President proposed to Congress that the Constellation Program be transitioned and NASA adjusted 
its spending on the program consistent with its budget request and with the Appropriation provided by Congress 
for FY 2010.

FY 2010 Performance Improvement Plan: The plan is pending decision of the proposed transition of the Con-
stellation Program.

Plan Update:  In FY 2010, the Constellation Program was redirected to reflect new Presidential and Congres-
sional direction in NASA’s space exploration goals. The new direction called for the start up of the Multi-Purpose 
Crew Vehicle and Space Launch Systems Programs. Factoring these new programs, and with completion of the 
Space Shuttle program in July 2011, NASA delivered the Workforce Strategy Report to Congress in September 
2011. 
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AMO-11-1 (Performance Goal 5.1.1.1)

Accountable Organization: Mission Support Directorate, Office of Human Capital Management
Seventy-five percent or more of Shuttle workforce has been realigned for new Agency needs.

FY 2011
Yellow

Why Measure AMO-11-1 was Not Met: NASA did not meet the target for this annual performance goal as a re-
sult of Congressional budget action. The addition of a Shuttle mission and delays in the mission manifest resulted 
in a slower than planned transition of workforce from the Space Shuttle Program. Additionally, the year-long 
Continuing Resolution significantly delayed the start of new programs to which NASA planned to transition the 
Space Shuttle workforce.

FY 2011 Performance Improvement Plan: Upon landing of the Space Shuttle Atlantis on STS-135 to complete 
the shuttle program in July 2011, the NASA civil service workforce is being realigned with other Agency priorities.  
NASA plans to complete this activity in FY 2012.  
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10SFS09
Accountable Organization: Space Operations Mission Directorate, Rocket Propulsion Test Program
Identify agency rocket propulsion test core capabilities (both infrastructure and critical skills) and maintain them at 
appropriate levels to be able to meet NASA’s current and future rocket testing requirements, and deliver an inte-
grated Agency-level Rocket Propulsion Test Plan that spans the next 10 years and includes DoD and commercial 
partner requirements and capabilities, as appropriate.

FY 2010
Yellow

Why Measure 10SFS09 was Not Met: The Agency-level Rocket Propulsion Test Plan due date was re-negotiated 
and agreed upon between NASA and the Office of Management and Budget. The new due date is December 31, 
2010.

FY 2010 Performance Improvement Plan: The Rocket Propulsion Test Plan is on schedule to meet the Decem-
ber 31, 2010, deadline.  

Plan Update: The draft Rocket Propulsion Test (RPT) Master Plan was delivered to Headquarters in February 
2011. The RPT Master Plan was initially drafted with Constellation Program requirements and had to be revised 
for the new programs. Due to a delay in identification and incorporation of firm test requirements for the follow-
on Space Launch System (SLS), final approval of the Master Plan was not finalized until July 2011. The Rocket 
Propulsion Test Plan was delivered to Headquarters and signed by the Associate Administrator of the Space 
Operations Mission Directorate on July 11, 2011.

F
is

ca
l Y

ea
r 

20
11

 
 P

er
fo

rm
an

ce
 Im

p
ro

ve
m

en
t

SFS-11-4 (Performance Goal 5.4.2.1)
Accountable Organization: Human Exploration Operations Mission Directorate, 21st Century Ground 
Systems Program 
Develop a 21st Century Space Launch Complex (21st CSLC) plan.

FY 2010
Yellow

Why Measure SFS-11-4 was Not Met: This annual performance goal was not met due to a revision on the origi-
nally planned schedule for this activity. As is typical with NASA programs and projects in the formulation phase, 
schedules are expected to change as they are refined heading toward the development phase. As the fiscal year 
progressed, the maturity of the Human Exploration Capabilities programs increased, and NASA began to work 
through the significant milestones and associated product development and has settled on the current schedule. 
Under this schedule, NASA expects that this activity will be completed in the first quarter of FY 2012. 

FY 2011 Performance Improvement Plan: The 21st Century Ground Systems Program (21CGS) was formally 
stood up in FY 2011 in accordance with NASA’s authorization from Congress, and continues to make progress to-
ward developing its plans to support Exploration Systems Development. Although the 21CGS plan is not officially 
required until the completion of the Systems Design Review, the draft plan is in the review cycle, with an expected 
approval in FY 2012.
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Performance Goal 1.1.1.2: HPPG: Safely fly out the Space Shuttle manifest and retire the fleet is rated 
Green. This goal achieved all of its FY 2011 targets.

Performance Measure SSP-11-1: Release major Space Shuttle operations facilities at Kennedy Space 
Center for future institutional and programmatic use. This goal has been met. 

Performance Goal 5.3.1.1: Develop and execute the Rocket Propulsion Test (RPT) Master Plan is rated 
Green.

Performance Measure SFS-11-1: Release the Rocket Propulsion Test (RPT) Master Plan is rated Green.  
This annual performance goal was met. The Rocket Propulsion Testing Master Plan was signed in July 2011.  
The plan will be reviewed annually and adjusted according to any evolving requirements and funding availability. 

Performance Goal 1.3.1.1: Complete design reviews for Space Launch System (SLS) is rated Green. New 
human space flight programs were initiated in fiscal year 2011.  

Performance Measure HEC-11-1: Develop top level Agency requirements and draft Program Plan for 
Space Launch System (SLS) is rated Green. 

Performance Goal 1.3.1.2: Complete design reviews for Multi-Purpose Crew Vehicle (MPCV) is rated Green. 

Performance Measure HEC-11-2:  Develop top level Agency requirements and Program Plan for Multi-
Purpose Crew Vehicle (MPCV) is rated Green. 

Performance Goal 5.4.2.1: By FY 2014, enable future government and commercial launching and testing 
from the Florida launch and range complex is rated Green. Despite delays due to the year long continu-
ing resolution, the top-level requirements were defined and baselined in the Human Exploration Capabilities 
Requirements Document during 2011, and a draft program plan is in review. 
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Outcome 3E.5
Accountable Organization: Aeronautics Research Mission Directorate
For vehicle and propulsion technologies that simultaneously reduce fuel burn, noise, and emissions, by 2016 
develop a well-informed trade space, document performance potential, and identify technical risks to a level that 
enables incorporation of technologies into the design of new aircraft.

FY 2010
Yellow

Why Outcome 3E.5 was Not Met:  In addition conducting research through test flights of a hybrid wing body 
aircraft configuration, NASA sought out additional advanced vehicle concepts from its stakeholders through 
a solicitation. NASA significantly re-scoped the effort for the NASA Research Announcement (NRA) mid-year, 
changing the requirements from an advanced vehicle concept study NRA to an advanced vehicle concept study 
that will develop two concepts to the Preliminary Design Review (PDR) stage.

FY 2010 Performance Improvement Plan:  NASA is currently negotiating these contracts and expects to an-
nounce awards in the first quarter of FY 2011.

Plan Update: Three awards were made in the first quarter of FY 2011. Two awards in November 2010, and one 
in December 2010. This Outcome is (was) back on track to achieve 2016 goals. Note that this Outcome has been 
revised in both the 2011 Strategic Plan and the FY 2011 Performance Plan.
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10AT12
Accountable Organization: Aeronautics Research Mission Directorate
In FY 2010, award a contract to conduct N+2 vehicle systems studies.

FY 2010
Yellow

Why Measure 10AT12 was Not Met:  NASA significantly rescoped the effort for the NRA mid-year, changing 
the requirements from an advanced vehicle concept study NRA to an advanced vehicle concept study that will 
mature two concepts to PDR stage.

FY 2010 Performance Improvement Plan:  NASA is currently negotiating these contracts and expects to an-
nounce awards in the first quarter of FY 2011.

Plan Update: Three awards were made in the first quarter of FY 2011. Two awards in November 2010 and one in 
December 2010. This work has been accomplished.

Scientific Research and Technology Development Process

Scientific research and technology development is an ongoing and fluid business. Often goals are not met because 
of the dynamic nature of research and technology, which could be impacted by new discoveries, refinement to plans 
based on new knowledge, new partnerships, a change in priorities, or an optimistic estimate of the pace of future prog-
ress into the unknown. The process of creating science or technology generally starts with setting science or research 
objectives and then finding the “best” performer to contribute toward reaching these objectives, through awarded 
intramural or extramural efforts. Once awarded, science or research activities begin, and then culminate with a transfer 
of knowledge or technology placed into an application. Multiple factors can slow the award process, delivery of the 
scientific or research product, and/or the transition of scientific knowledge or technology for application. For example, 
delays in the selection process may be caused by delayed availability of funds or a refinement to the solicitation for new 
ideas, based on a decision to factor new cutting-edge knowledge into the objectives. Additionally, delivery of scientific 
or research products on original timeframes can be impacted by the availability of a research platform or the discovery 
that attaining the objectives is unexpectedly complex. NASA’s science and research products often depend on vehicle 
availability for space flight or complex ground-based laboratories, such as a wind tunnel, or the availability of appro-
priately skilled researchers. Transition of science or technology into an application, can also be impacted by factors in 
these processes, as well.

NASA’s performance measures demonstrated in the table below reflect these various factors and their impact on the 
planned scientific research and technology development and how the Agency will attempt to mitigate these factors in 
the coming fiscal year.
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10ES20
Accountable Organization: Science Mission Directorate, Earth Science Division
Reduce time within which 80% of NRA research grants are awarded, from proposal due date to selection, by 5% 
per year, with a goal of 227 days.

FY 2010
Yellow

Why Measure 10ES20 was Not Met:  The time within which 80 percent of the Earth Science selection notifica-
tions were made decreased in FY 2010 to 231 days, but fell just short of the ultimate goal of 227 days, which it 
was scheduled to achieve this fiscal year.

FY 2010 Performance Improvement Plan:  The Science Mission Directorate continues to implement changes 
to reduce delayed selection notifications. These include the scheduling of proposal due dates to spread out the 
work for the understaffed research program managers and providing tentative notification to proposers when 
budget uncertainty (e.g., lack of appropriations, lack of operating plan) delays final decision authority.

Plan Update: With the impact of the FY 2011 Continuing Resolution (CR) taken into account, Earth Science 
showed improvement during FY 2011 by decreasing the time for selection notifications from 231 days to less than 
200. (value removes the estimated impact of the extended CR).
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10HE12
Accountable Organization: Science Mission Directorate, Heliophysics Division
Reduce time within which 80% of NRA research grants are awarded, from proposal due date to selection, by 5% 
per year, with a goal of 130 days.

FY 2010
Red

Why Measure 10HE12 was Not Met: The time within which 80 percent of Heliophysics selection notifications 
were made increased in FY 2010 to 235 days, exceeding the goal of 215 days.

FY 2010 Performance Improvement Plan:  The Science Mission Directorate continues to implement changes 
to reduce delayed selection notifications. These include the scheduling of proposal due dates to spread out the 
work for the understaffed research program managers and providing tentative notification to proposers when 
budget uncertainty (e.g., lack of appropriations, lack of operating plan) delays final decision authority.

Plan Update: The Heliophysics Division took the steps noted above, and decreased the time within which 80 
percent of selection notifications were made to 188 days in FY 2011, surpassing the goal of 207 days.
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10PS14
Accountable Organization: Science Mission Directorate, Planetary Science Division
Reduce time within which 80% of NRA research grants are awarded, from proposal due date to selection, by 5% 
per year, with a goal of 130 days.

FY 2010
Red

Why Measure 10PS14 was Not Met: The time within which 80 percent of Planetary Science selection notifica-
tions were made increased in FY 2010 to 243 days, exceeding the goal of 221 days.

FY 2010 Performance Improvement Plan: The Science Mission Directorate continues to implement changes 
to reduce delayed selection notifications. These include the scheduling of proposal due dates to spread out the 
work for the understaffed research program managers and providing tentative notification to proposers when 
budget uncertainty (e.g., lack of appropriations, lack of operating plan) delays final decision authority.

Plan Update: With the impact of the FY 2011 Continuing Resolution (CR) taken into account, Planetary Science 
showed only minimal improvement during FY 2011, decreasing the time for selection notifications from 243 days 
to approximately 240 days (value removes the estimated impact of the extended CR).
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ES-11-22 (Efficiency Measure)
Accountable Organization: Science Mission Directorate, Earth Science Division
Reduce time within which 80 percent of NASA Research Announcement (NRA) research grants are awarded, from 
proposal due date to selection, by four percent per year, with a goal of 180 days.

FY 2011
Yellow

Why Measure ES-11-22 was Not Met: This annual performance target was not met, for the time to complete its 
grant proposal evaluation and selection process, by the Earth Science Division, within the Science Mission Direc-
torate. The targeted amount of time was missed by 33 days, approximately 16% of the planned time. The time to 
award was impacted by the year-long Continuing Resolution, on the order of a 50 day delay, on average, across 
the Science Mission Directorate.  

FY 2011 Performance Improvement Plan: The Science Mission Directorate continues to implement changes to 
reduce delayed selection notifications. In FY 2012, this will include providing tentative notification to proposers 
when budget uncertainty (e.g., lack of appropriations, lack of operating plan) delays final decision authority. As the 
year progresses, other options will also be visited. 
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10AT02
Accountable Organization: Aeronautics Research Mission Directorate
Develop an atomistically-based model capable of predicting within 25% the degradation caused by environmen-
tal effects on interfaces in selected polymer matrix composite materials.

FY 2010
Yellow

Why Measure 10AT02 was Not Met:  This effort attempted to significantly push the state-of-the-art in atomistic-
based computational modeling, and application of such models to predict the effects of aging of epoxy matrix 
resins used on commercial aircraft. The computational model that was developed predicted a reduction in surface 
energy over time, which is consistent with physical aging phenomenon reported in the literature. While the surface 
energy predictions differed somewhat from the measured values, experiments on lap shear specimen data for 
both surface energy and lap shear strength validated the predicted trends. Due to variability in computational and 
experimental results, it was not possible to validate the computational model for accurate quantitative prediction 
of physical aging to the performance level defined in the green success criteria.

FY 2010 Performance Improvement Plan: The activity as defined in the APG is complete The performance level 
defined in the yellow success criteria was achieved. Since this was a “stretch-goal” no plans exist to continue 
to attempt to reach the absolute accuracy reflecting a green success criteria. However, the results obtained will 
inform future research in atomistic computational modeling. Further, successful prediction of the trends observed 
in experiments show that atomistic computational modeling may indeed be a valuable tool to guide new material 
development for improved durability.

Plan Update: No further activity is planned.

Availability of Research Facilities
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10AC12

Accountable Organization: Exploration Systems Mission Directorate, Advanced Capabilities
Demonstrate one year of experimental operation of the Vehicle Cabin Atmosphere Monitoring (VCAM) system on 
orbit.

FY 2010
Yellow

Why Measure 10AC12 was Not Met:  NASA delivered and installed the VCAM in FY 2010. To date, the instru-
ment has operated successfully; however, due to delays in the Space Shuttle launch schedule this instrument was 
not in place in time to demonstrate a full year of operation by the close of the fiscal year, per the annual perfor-
mance goal.

FY 2010 Performance Improvement Plan:  The VCAM is fully functional and on track for reaching one year of 
experimental operation in March 2011.

Plan Update: In May 2011, the VCAM successfully completed one year of operations onboard the ISS. An inde-
pendent assessment of the VCAM’s performance validated its technical capabilities.
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PS-11-17 (Efficiency Measure)
Accountable Organization: Science Mission Directorate, Planetary Science Division
Reduce time within which 80 percent of NASA Research Announcement (NRA) grants are awarded, from proposal 
due date to selection, by four percent per year, with a goal of 180 days.

FY 2011
Red

Why Measure PS-11-17 was Not Met: This annual performance target was not met, for the time to complete its 
grant proposal evaluation and selection process, by the Planetary Science Division, within the Science Mission 
Directorate.  The targeted amount of time was missed by 76 days, approximately 35% of the planned time. The 
time to award was impacted by the year-long Continuing Resolution, on the order of a 50 day delay, on average, 
across the Science Mission Directorate. It is estimated that without the impact of the Continuing Resolution, the 
Planetary Science Division would have missed its target regardless. Other factors contributing to the missed 
target included staffing transitions in positions key to this process during FY 2011 (new Research and Analysis 
Lead and new program scientists). The involvement of these scientists in critical mission activities for multiple 
2011 launches (Juno, GRAIL, MSL), as well as multiple FY 2011 Announcements of Opportunity also prevented 
improvement.

FY 2011 Performance Improvement Plan:  Many of the staffing-level factors seen in FY 2011, that contributed 
to missing the target, are not expected to be repeated and impact the FY 2012 results. The Science Mission 
Directorate continues to implement changes to reduce delayed selection notifications. In FY 2012, this will include 
providing tentative notification to proposers when budget uncertainty (e.g., lack of appropriations, lack of operat-
ing plan) delays final decision authority. As the year progresses, other options will also be visited. 
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Performance Measure HE-11-9: Reduce time within which 80 percent of NASA Research Announcement 
(NRA) grants are awarded, from proposal due date to selection, by four percent per year, with a goal of 
180 days is rated Green. This annual performance goal was met. The Heliophysics Division within the Science 
Mission Directorate has met its annual target for time to complete its grant proposal evaluation and selection 
process.

Performance Measure AS-11-9: Reduce time within which 80 percent of NASA Research Announcement 
(NRA) grants are awarded, from proposal due date to selection, by four percent per year, with a goal of 
180 days is rated Green. This annual performance goal was met. The Astrophysics Division within the Science 
Mission Directorate has met its annual target for time to complete its grant proposal evaluation and selection 
process.
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AR-11-9 (Performance Goal 4.1.3.1)
Accountable Organization: Aeronautics Research Mission Directorate
Validate NASA propulsion Computational Fluid Dynamics (CFD) codes using Hypersonic International Flight Re-
search Experimentation (HIFiRE) scramjet flight data and ground-based test results.

FY 2011
Yellow

Why Measure AR-11-9 was Not Met:  This annual performance goal was not met, in this fiscal year, and is 
expected to be accomplished in the June/July 2012 timeframe.  To validate the Computational Fluid Dynamics 
(CFD) code, NASA is gathering this data on the Hypersonic International Flight Research Experimentation (HIFiRE) 
#2 vehicle’s scramjet, while in flight.  The Air Force has moved the date for the HIFiRE #2 vehicle launch until 
Summer 2012. 

FY 2011 Performance Improvement Plan:  This goal will be considered complete once code validation occurs 
using the flight data when available, following the successful launch of the HIFiRE #2.
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AR-11-12 (Efficiency Measure)
Accountable Organization: Aeronautics Research Mission Directorate
Deliver at least 86 percent of on-time availability for operations and research facilities.

FY 2011
Yellow

Why Measure AR-11-12 was Not Met:  The on-time availability of the operations and research facilities man-
aged by the Aeronautics Test Program, was 80%, slightly less than the targeted 86% availability.  NASA did not 
meet its target, primarily due to the downtime, introduced with the failure of subsystems in two facilities at the 
Glenn and Langley Research Centers.  At Glenn Research Center, the 8 foot by 6 foot Wind Tunnel, had unsched-
uled downtime to repair the Open Rotor Propulsion Rig (ORPR) forward balance, which has resulted in reschedul-
ing testing into FY 2012.  At Langley Research Center, the 14 foot by 22 foot Wind Tunnel experienced unsched-
uled downtime due to issues with the main drive lubrication system and the motor generator set. 

FY 2011 Performance Improvement Plan:  In FY 2011, the Aeronautics Test Program (ATP) Capability Invest-
ment project manager initiated a new set of facility assessment actions which will provide the program with up-
dated information on the condition of the tunnel infrastructure and sub-systems. To date, five assessments have 
been completed and six additional assessments are scheduled to begin at the end of this fiscal year. The updated 
condition information will potentially allow the ATP program to identify and resolve critical maintenance issues 
before they impact customer testing schedules.
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10AT10

Accountable Organization: Aeronautics Research Mission Directorate
Complete CFD predictions of ramjet-to-scramjet mode-transition and compare to wind tunnel and/or X-51 flight 
test data.

FY 2010
Yellow

Why Measure 10AT10 was Not Met: NASA delayed this work into FY11 due to Air Force X-51 flight delays. 
NASA received the data from the first flight on May 26, 2010, in August 2010. The next flight (second of four) is 
scheduled for the December 2010 through January 2011 time period. The data from the remaining X-51 flights is 
required to meet APG. The APG completion date estimate has been revised to September 2011.

FY 2010 Performance Improvement Plan:  Information from remaining flights of Air Force X-51 required to 
achieve this APG.

Plan Update:  Information from the remaining flights of Air Force X-51 are required to achieve this APG. The sec-
ond flight of the X-51A was attempted June 13, 2011. However, the flight test failed due to the failure of scramjet 
to operate. The X-51 test flight team is continuing to review the flight data to determine the cause of the failure. As 
such, the schedules for X-51 flights 3 and 4 are unknown at this time. NASA will conduct the CFD comparisons 
with the flight test data and achieve this annual performance goal, once all data has been received from success-
ful flight tests of the X-51A.
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Baseline Cost and Schedule Changes
NASA’s projects are generally high-risk, one-of-a-kind space flight mission developments that usually enter an “opera-
tional” or production state. Estimating cost and schedule baselines for these types of projects is complex and challeng-
ing, with many factors that introduce risk and must be accounted for. Risks can be introduced based on factors in the 
industrial base such as launch vehicle availability, an absence of needed vendor capabilities, and/or counterfeit parts. An 
instability of funding, delays in funding, or a misalignment of resources, which is estimated to be needed in a specified 
timeframe, can significantly contribute to cost and schedule growth. Additionally, various acquisition challenges, such as 
protests on a vendor award, can impact project costs and schedule baselines. Ineffective project planning and controls 
can impact the ability to understand these factors and to address them in a manner to either recognize or mitigate cost 
and schedule growth. Specifically, effective lifecycle cost and schedule management requires:

•	 Good	lifecycle	cost-estimating	policy	and	processes	(sets	good	baselines).

•	 Institution	 of	 tracking	 and	 trending	methodologies	 and	 using	 “best	 practice”	 tools	 to	 predict	 life-cycle	 estimate	
changes	(proactively	predicts	baseline	drift	and	violation	of	that	baseline).

•	 Effective	risk	identification,	and	planning	for	the	costs	to	mitigate	and	deal	with	these	risks	if	they	manifest	(manages	
threats	to	life-cycle	cost/schedule	changes).

•	 Clear	reporting	requirements	and	responsibilities	(ensures	accountability).

•	 Making	budget	planning	and	allocation	decisions	based	on	lifecycle	cost	and	schedule	estimates	and	the	perfor-
mance	toward	these	(ensures	alignment	of	funding	needs	to	lifecycle	needs).

Since 2005, the Agency has taken many steps to make progress in this complex area, including new estimating pro-
cesses, setting new policies to better align budgeting with cost estimation, and reports on both a quarterly and annual 
basis	to	the	Office	of	Management	and	Budget	and	U.S.	Congress,	respectively,	ensuring	accountability	and	transpar-
ency. NASA continues to build on each step toward improving cost and schedule performance. 

NASA	began	a	new	cost	and	schedule	estimation	initiative,	joint	cost	and	schedule	confidence	levels	(JCL),	to	increase	
the	 likelihood	 of	 project	 success	 at	 the	 specified	 funding	 level.	 The	 application	 of	 the	 JCL	 process	 is	 expected	 to	
increase the insight of project and program managers and others into uncertainties and contingencies within an inte-
grated	cost	and	schedule	plan.	NASA	is	taking	steps	in	the	early	(formulation)	stages	of	projects	to	ensure	appropriate	
technical risk reduction and is actively refining the cost ranges for projects in formulation to improve budget estimates 
as	these	projects	make	their	way	through	Phases	A	and	B.	Projects	in	development	are	budgeted	to	a	Life	Cycle	Cost	
reflecting	a	70	percent	cost	confidence	level	(CCL)	or,	more	conservatively,	a	JCL.	In	conjunction	with	the	JCL	initiative,	
NASA issued an Interim Directive to the NASA Procedural Requirements 7120.5D: Space Flight Program and Project 
Management Requirements. This interim directive strengthened and clarified the existing program and project manage-
ment requirements regarding cost and schedule baselining and rebaselining policy. 

NASA enhanced acquisition policies and procedures. One main policy element introduced was to base acquisition on 
an expanded view of cost and schedule risks realistic cost estimates and achievable schedules, and to confirm this on 
an annual basis. This includes incorporating a risk-informed acquisition process that provides an integrated and holistic 
view of risk, including Agency-level, institutional, and program/project. A more holistic view of risk helps to better match 
the stakeholder expectations and the “true” resources required to address the risks and achieve those expectations.  
An integrated perspective of risks and aids for analyzing competing decision alternatives can help appropriately apply 
funds.

NASA also increased its oversight and surveillance, on programs and projects as well as procurements. The construct 
for performance reviews was modified to ensure that at key decision points, in-depth independent reviews were con-
ducted, paired with ongoing surveillance in between. Programs and projects are both subjected to episodic independent 
reviews,	conducted	by	Standing	Review	Boards,	at	key	points	in	the	life	cycle.	Monthly	or	quarterly	senior	management	
reviews will assess ongoing programmatic and institutional performance and identify crosscutting issues. To aid in both 
program/project	and	contractor	surveillance	and	oversight,	Agency	earned	value	management	(EVM)	capabilities	and	
capacity	are	being	 increased.	NASA	decided	to	build	an	Agency-wide	capability	to	effectively	use	EVM	on	in-house	
efforts	and	to	provide	an	integrated	contractor	and	in-house	EVM	reporting	capability.	The	latter	process	is	expected	
to	be	rolled	out	initially	on	the	Ice,	Clouds,	and	Land	Elevation	Satellite	(ICESat)-II	and	Space	Launch	System	projects.				

NASA will continue to follow through with the new policies, procedures, and management attention on cost and sched-
ule growth in the coming year, with the goal of improving the Agency’s future performance.
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10IT11
Accountable Organization: Office of the Chief Information Officer
Complete all development projects within 110% of the cost and schedule baseline.

FY 2010
Red

Why Measure 10IT11 was Not Met:  All but one project finished within the required 110 percent of cost and sched-
ule baselines. The Security Operations Center (SOC) implementation (Phase-2) project has undergone schedule slips, 
due to delays in facilities power modifications resulting in delays of receiving IT Security event data from numer-
ous sources across the Agency. The delay in having adequate power to the facility kept the SOC from being able 
to capture data, thereby not allowing testing and not being ready to complete the ORR. The extra power lines and 
resultant coordination were not planned for when the project was initially scoped and were beyond the initial project 
plan estimates. The final SOC implementation plan will increase cost to 145 percent and schedule to 161 percent of 
the initial project scope. NASA reviewed this project during implementation, and given the importance of IT security, 
approved additional time and funding for the project.

FY 2010 Performance Improvement Plan: There are no options to achieving this goal. NASA determined the IT 
Security Operations Center project implementation fits into the CyberSecurity scope and needed to be accomplished 
to protect NASA’s IT vulnerability.

Plan Update: N/A
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10HE09
Accountable Organization: Science Mission Directorate, Heliophysics Division
Complete all development projects within 110% of the cost and schedule baseline.

FY 2010
Red

Why Measure 10HE09 was Not Met: NASA did not complete the Solar Dynamics Observatory (SDO) within 110 
percent of cost and schedule baselines. SDO initially slipped from its 2008 firm slot in the launch manifest due to late 
delivery of avionics boxes and instruments and problems with electronics parts and the high-speed data bus. SDO 
then experienced difficulty obtaining a new slot in the launch manifest, as no firm slots were available until 2010 due 
to multiple Atlas V launch vehicle issues and associated launch queue delays.

FY 2010 Performance Improvement Plan:  NASA launched SDO in February 2010. This exceeded the original 
schedule by 48 percent, but the mission’s lifecycle cost remains within seven percent of the original cost baseline.

Plan Update: N/A
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10ES17

Accountable Organization: Science Mission Directorate, Earth Science Division
Complete all development projects within 110% of the cost and schedule baseline.

FY 2010
Red

Why Measure 10ES17 was Not Met:  NASA did not complete the Glory and Aquarius missions within 10 percent of 
their cost and schedule baselines.

FY 2010 Performance Improvement Plan: The Glory mission experienced significant cost and schedule growth due 
primarily to the failure of the Orbiting Carbon Observatory (OCO) Taurus XL launch vehicle and issues with the ven-
dor’s production of acceptable boards for the Maxwell Single Board Computers. Glory’s current projected lifecycle 
cost is 68 percent higher than the baseline established at Confirmation Review. The mission is tentatively scheduled 
for a February 2011 launch readiness date, a 72 percent increase in schedule. The Aquarius launch readiness date 
has been rescheduled for April 2011 due to delays in the development of the international partner’s Mission Opera-
tions System. The schedule for the mission has increased by 60 percent, but the lifecycle cost remains within 15 
percent of the baseline.

Plan Update: N/A
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ES-11-19 (Efficiency Measure)
Accountable Organization: Science Mission Directorate, Earth Science Division
Complete all development projects within 110 percent of the cost and schedule baseline.

FY 2011
Red

Why Measure ES-11-19 was Not Met: This annual performance goal was not met, due to cost and schedule growth 
that exceeded 10 percent of their estimated baseline for the NPOESS Preparatory Project (NPP), Glory, and Aquarius 
missions. The NPP mission experienced delays due to the restructure of the project management and on-going de-
velopment issues with an instrument, contributed by one of NASA’s partners. The Aquarius mission was delayed by 
NASA’s international partner, after the successful delivery of NASA’s instrument contribution. The Glory mission had 
both instrument and spacecraft technical issues, across its development.

FY 2011 Performance Improvement Plan: NASA’s new 70 percent CL requirements include consideration of the 
risks of partnership. These and other procedures subsequently put in place are improving cost and schedule perfor-
mance.
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Vendor Quality Parts and Processes
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10ES21
Accountable Organization: Science Mission Directorate, Earth Science Division
Develop missions in support of this Outcome, as demonstrated by completing the Pre-Ship Comprehensive Perfor-
mance Test for Glory.

FY 2010
Yellow

Why Measure 10ES21 was Not Met: The Glory Pre-Ship Comprehensive Performance Test began on September 
17, 2010, but was not completed until October 4, 2010. The test was delayed primarily due to resolution of space-
craft hardware anomalies.

FY 2010 Performance Improvement Plan: The test was completed successfully on October 4, 2010.
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10AS07
Accountable Organization: Science Mission Directorate, Astrophysics Division
Develop missions in support of this Outcome, as demonstrated by completing the first competed Early Science 
observations on the Stratospheric Observatory for Infrared Astronomy (SOFIA).

FY 2010
Yellow

Why Measure 10AS07 was Not Met: Technical problems with the telescope cavity door actuator on the SOFIA 
aircraft, due to quality control issues at the vendor of the actuator, led to increased time required for flight testing 
and certification for open-door flight at the altitude required for Early Science. NASA worked directly with the vendor 
to address and resolve the quality control issues.

FY 2010 Performance Improvement Plan:  Flight testing of the full flight envelope has been completed, and the 
first image has been acquired by the telescope in flight. The program is currently on track for the first Early Science 
observation by December 2010.

Plan Update:  SOFIA completed the first of three science flights on Wednesday, December 1, 2010.
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ES-11-3 (Performance Goal 2.1.1.2)

Accountable Organization: Science Mission Directorate, Earth Science Division
Initiate the Orbiting Carbon Observatory-2 (OCO-2) Instrument and Spacecraft System-Level Testing.

FY 2011
Yellow

Why Measure ES-11-3 was Not Met: The OCO-2 instrument system-level testing was scheduled to begin in Au-
gust 2011, but has been delayed to October due to technical issues. Technical issues included a coating adhesion 
issue on multiple parts that was introduced by contamination during the vendor’s process, and a misalignment along 
an optical path on the instrument, which was seen during vibration testing and could impact performance. Addi-
tionally, the spacecraft-level system testing is scheduled to begin in December 2011, due to late deliverables from 
subsystem vendors.  At this time, the overall delivery of the spacecraft remains unchanged for March 2012, but the 
instrument delivery has been delayed by one month to April 2012, and NASA continues to work with its vendors to 
address these issues and prevent further delays.

FY 2011 Performance Improvement Plan:  To address the coating adhesion issue, a decision was made to 
proceed with an alternate vendor and process (black anodizing) for the parts. The change was implemented and all 
parts now meet specification. Additionally, the optical path misalignment issue was addressed and appears to be 
resolved, but it will remain open until confirmed during instrument-level vibration testing (scheduled for December 
2011). These two issues have resulted in an approximately a one month delay in delivery of the instrument (now April 
2012). This delay is not expected to impact the overall delivery schedule of the observatory or the launch readiness 
date (LRD). The Spacecraft System-Level Testing has been scheduled for December 2011 due to the late subsystem 
vendor deliveries.  However, the spacecraft remains on plan to be delivered in March 2012, with no impact to the 
Launch Readiness Review.

Development Partner Challenges
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10ES02
Accountable Organization: Science Mission Directorate, Earth Science Division
Develop missions in support of this Outcome, as demonstrated by completing Aquarius Operational Readiness 
Review (ORR).

FY 2010
Yellow

Why Measure 10ES02 was Not Met: Due to delays in the development of the international partner’s Mission Opera-
tions System, the ORR was not completed in FY 2010.

FY 2011 Performance Improvement Plan: A specific date has not been identified, but NASA estimates this to be in 
early 2011. However, any delays to the overall mission schedule could cause the ORR to move further.

Plan Update: The Aquarius Operational Readiness Review was completed April 28, 2011.
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ES-11-6 (Performance Goal 2.1.2.2)
Accountable Organization: Science Mission Directorate, Earth Science Division
Complete the Global Precipitation Mission (GPM) Systems Integration Review

FY 2011
Yellow

Why Measure ES-11-6 was Not Met: Both the NASA spacecraft and instrument developments are experienc-
ing challenges in subsystem deliveries. These development challenges are resulting from various issues including 
defects discovered in flight parts, component manufacturing throughput issues and workmanship issues at supply 
vendors. In addition, the delivery of the JAXA (Japanese space agency)-provided Dual Precipitation Radar (DPR) 
instrument has been delayed due to disruptions at, and damage to, the test facility resulting from the March 2011 
earthquake. Technical issues with the DPR were also identified during environmental testing. It is currently estimated 
that these challenges will result in a launch readiness delay of eleven months, from July 2013 to June 2014. 

FY 2011 Performance Improvement Plan: NASA and JAXA are working together to replan the program to accom-
modate these delays. NASA and JAXA have taken actions that include implementing extended shifts/weekend work 
and integration and testing workarounds (for NASA, the use of engineering test units in place of flight subsystems) to 
recover schedule where feasible. Completion of the Systems Integration Review is scheduled for the second quarter 
of FY 2012.

Launch Vehicle Availability & Reliability/Manifest Issues
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10ES10
Accountable Organization: Science Mission Directorate, Earth Science Division
Develop missions in support of this Outcome, as demonstrated by completing the SMAP Preliminary Design Review 
(PDR).

FY 2010
Yellow

Why Measure 10ES10 was Not Met: The Soil Moisture Active and Passive (SMAP) mission PDR is currently sched-
uled for March 2011, consistent with the schedule presented at the mission’s Initial Confirmation Review.

FY 2010 Performance Improvement Plan: Currently, all pre-cursor events (i.e., peer reviews, sub-system PDRs) 
are proceeding on or ahead of plan. However, a launch vehicle has not yet been selected for SMAP, and this could 
impact the scheduling of the PDR. NASA is addressing this issue, but it is not expected to be resolved until after 
March.

Plan Update:  The Prelminary Design Review for the SMAP mission occurred in October 2011.
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ES-11-10 (Performance Goal 2.1.4.2)
Accountable Organization: Science Mission Directorate, Earth Science Division
Complete the Soil Moisture Active-Passive (SMAP) Confirmation Review.

FY 2011
Yellow

Why Measure ES-11-10 was Not Met: The SMAP Confirmation Review was delayed to FY 2012 because of 
difficulties in identifying an acceptable launch vehicle for the mission. NASA’s Earth Science program has been 
impacted by the current limited availability of launch vehicles in the medium size range that is appropriate for most 
of its missions.

FY 2011 Performance Improvement Plan: The SMAP Confirmation Review has been rescheduled until the second 
quarter of FY 2012.  The Science Mission Directorate (SMD) plans to conduct a Directorate-level Program Man-
agement Council (DPMC) review in November 2011 to assess project status and establish near-term observatory 
development guidelines and constraints following the recent Preliminary Design Review. To conduct the PDR, SMD 
management requested the project assume use of a Minotaur IV+ launch vehicle. This DPMC will also assess a plan 
to establish a project baseline cost and schedule, that is independent of a confirmed launch vehicle (which is not ex-
pected until mid 2012).  This plan forward will consider analysis of observatory design, cost and schedule risks, and 
any additional required reviews. In parallel with these activities, SMD will continue to work with the Human Explora-
tion and Operations Directorate to pursue launch vehicle options for SMAP.
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Funding Instability
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ES-11-14 (Performance Goal 2.1.5.3)
Accountable Organization: Science Mission Directorate, Earth Science Division
Complete the ICESat-2 Spacecraft System Requirements Review.

FY 2011
Yellow

Why Measure ES-11-14 was Not Met:  The date for the ICESat-2 Spacecraft Systems Requirements Review has 
been delayed to December 2011. This review was rescheduled from March 2011 to revisit the mission design and 
requirements to align with the estimated available budget, moving forward.

FY 2011 Performance Improvement Plan:  The mission design and requirements have been revised to align to the 
available funds. As part of the realignment, the mission is moving forward based on a co-manifested launch solu-
tion, with shared launch costs, with the Air Force. The Spacecraft System Requirements Review is scheduled for 
December 2011. The mission’s baseline plan is to be manifested with the Defense Meteorological Satellite Program 
Flight-20 (DMSP F-20) on an Atlas V launch vehicle that has already been purchased by the U.S. Air Force (USAF).  
NASA will be responsible for funding the Dual Spacecraft System (DSS) development and flight unit qualification. 
The DSS will represent a new capability for U.S. government payloads using the EELV launch system.  The USAF 
will procure the launch service and provide overall mission assurance related to the launch vehicle and dual payload 
accommodation. This interagency arrangement provides significant cost savings for NASA, allowing the mission to 
proceed within its allocated budget.

Program Planning and Controls
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Accountable Organization: Office of the Chief Information Officer
Complete Operational Readiness Review (ORR) for the NASA Security Operations Center.

FY 2010
Red

Why Measure 10IT06 was Not Met: The Security Operations Center (SOC) Implementation Project was scheduled 
to have the ORR this year, but has undergone schedule slips due to delays in facilities power modifications and fur-
ther delays in receiving IT Security data from numerous sources across the Agency. These delays have negated the 
ability to complete the testing required in preparation of the Operational Readiness Review.

FY 2010 Performance Improvement Plan: The SOC Implementation Project will move forward with IT Security 
event data collection in fall 2010. As the data is obtained, the project will complete final system integration and 
validation testing. Upon completing validation testing and user training the project will precede to ORR currently 
scheduled for November FY 2011.

Plan Update:  The SOC ORR was completed March 2011.
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10SFS07

Accountable Organization: Space Operations Mission Directorate, Space and Flight Support
Complete TDRS K/L Project Mission Operations Review (MOR).

FY 2010
Yellow

Why Measure 10SFS07 was Not Met:  The TDRS project had originally scheduled the K/L MOR for September 
2010 but was delayed to resolve minor conflicts involving resources.

FY 2010 Performance Improvement Plan:  The MOR will be held in November 2010.

Plan Update: The Mission Operations Review was held in November 2010.
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10PS06

Accountable Organization: Science Mission Directorate, Planetary Science Division
Develop missions in support of this Outcome, as demonstrated by completing the Mars Science Laboratory (MSL) 
flight hardware builds and flight system assemblies.

FY 2010
Yellow

Why Measure 10PS06 was Not Met: The flight hardware build and flight system assembly of the Sample Analysis 
at Mars (SAM) instrument were not completed during the designated fiscal year, due to complications in the devel-
opment of the Wide Range Pump (WRP) components of the instrument. The materials originally specified as the 
primary component of a high-speed, high-performance bearing proved to be inadequate to provide the necessary 
performance on the surface of Mars, and alternative bearing materials and components had to be researched and 
developed.

FY 2010 Performance Improvement Plan: The development of the new bearing designs has been completed and 
implemented, and the finalization of the flight hardware build has resumed. The final flight units are on schedule to 
be delivered in early December 2010.

Plan Update: The work was completed by redesigning the primary bearings on the pump from alternate materi-
als that provided the required performance for the Mars environment. Design, fabrication, testing, validation, and 
installation of the new bearings was completed according to the revised schedule. The pump was completed and 
delivered to the flight project as scheduled in December 2010.
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Performance Goal 2.4.2.2

Accountable Organization: Science Mission Directorate, James Webb Space Telescope Program
Design and assemble James Webb Space Telescope (JWST).

FY 2011
Yellow

Why Performance Goal 2.4.2.2 was Not Met: The measure was placed in the FY 2012 Congressional Justifica-
tion prior to the project’s replan. Based on this, the baseline assumption for the measure was that the project was 
still operating under the original baseline. The new estimated baseline, which was approved late in the fiscal year, 
resulted in a 78% increase in the estimated life cycle cost from the original baseline. The new estimated baseline has 
been endorsed by the NASA Administrator, all reporting required by Section 103 of the NASA Authorization Act of 
2005 has been completed, and 95% of the FY 2011 planned activities were accomplished, indicating that it is likely 
to stay on track for the new estimated cost. Specifically, JWST achieved 19 of its 21 planned FY 2011 milestones 
on or ahead of schedule, one milestone was achieved one month late and one milestone was delayed due to design 
changes, and is on track to achieve its FY 2012 milestones. The one planned FY 2011 milestone that was achieved a 
month late and the one that has been delayed do not impact the critical path.

FY 2011 Performance Improvement Plan: NASA has taken many steps to address the challenges seen on the 
JWST Project. In FY 2010, an independent panel concluded that the problems causing cost growth and schedule 
delays on the JWST project were associated with cost estimation and program management. To address these, 
NASA made several important changes in JWST program and project management and in the interaction with the 
prime contractor. All the JWST senior management at both Headquarters and at Goddard Space Flight Center have 
been replaced. The program has been taken out of the Astrophysics Division and now reports programmatically to 
the NASA Associate Administrator, and is an Agency priority. NASA also embarked on revising the cost and schedule 
estimates. The replanning activity is complete, has been approved within the Agency. The Agency will continue to 
monitor the progress on the development of this project, as highlighted above.

Acquisition Management Challenges
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10SFS08
Accountable Organization: Space Operations Mission Directorate, Space Communications and Navi-
gation
Complete SN Ground Segment Sustainment project (SGSS) Mission Definition Review.

FY 2010
Yellow

Why Measure 10SFS08 was Not Met:  The SGSS Mission Definition Review did not occur as planned due to an 
ongoing contractor protest.

FY 2010 Performance Improvement Plan:  NASA will develop a new plan and schedule for completing the Mis-
sion Definition Review once the protest is adjudicated.

Plan Update:  The SGSS contract award was upheld in FY 2011. After the contract was initiated, it was de-
termined that dividing the Mission Definition Review into two parts, with the first part focused on the technical 
review, and the second part focused on budget, was the appropriate approach. The technical review, which was 
very successful, was held in July 2011; the second review is scheduled to be held in December 2011.
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10PS05
Accountable Organization: Science Mission Directorate, Planetary Science Division
Develop missions in support of this Outcome, as demonstrated by selecting concept studies for the Discovery 12 
mission.

FY 2010
Yellow

Why Measure 10PS05 was Not Met: The acquisition timeline for the Discovery 12 mission was extended due 
to the complexity of the Announcement of Opportunity, which includes the potential use of radioisotope power 
systems.

FY 2010 Performance Improvement Plan:  Twenty-eight proposals have been received. Selection of concept 
studies is scheduled for mid-FY 2011.

Plan Update: In May 2011, NASA selected three mission concepts (GEMS, TiME, and Comet Hopper) for study 
from the 28 proposals received. After a detailed review of the three concept studies in 2012, one will be selected 
as the 12th Discovery Program mission.
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Additional Context 

Performance Measure ES-11-2: Complete the Aquarius Launch Readiness Review is	 rated	Green.	The	
Launch	Readiness	Review	was	completed	on	June	7,	and	Aquarius	was	successfully	launched	on	June	10,	
2011.

Performance Measure JWST-11-1: Complete new James Webb Space Telescope (JWST) mission re-
baseline is	rated	Green.	The	JWST	project	completed	its	rebaseline	in	September,	and	information	on	the	new	
estimated	cost	and	schedule,	has	been	provided	to	both	the	Congress	and	OMB.
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AMO-11-12 (Performance Goal 5.2.2.1)

Accountable Organization: Office of the Chief Information Officer
Achieve Initial Operating Capability (IOC) for five Service Offices (Web Services, Communications, Enterprise 
Service Desk, End User Services, and NASA Enterprise Applications) as part of the NASA Information Technology 
Infrastructure Integration Program (I3P).

FY 2011
Yellow

Why Measure AMO-11-12 was Not Met: Four of the five planned service offices achieved Initial Operating 
Capability (IOC). The End User Services (ACES), Enterprise Applications (EAST), Enterprise Service Desk (ESD), 
and Communications (NICS–Networking) services all have their office structures in place, are managing the transi-
tion to these new services, and continue to operate the current services. The one service office that did not reach 
IOC in FY 2011 is the one for the Web services (WEST). The implementation of this initiative has been delayed to 
resolve some issues with the contract award. NASA remains on track for the consolidation and centralization of 
these services and capabilities by 2014.

FY 2011 Performance Improvement Plan:  NASA will continue to work through the issues with the contract 
award of the web services capability.  The implementation of the WEST will be revisited once these issues are 
resolved.
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Workforce, Workplace, and Diversity

NASA values its workforce and strives to improve its productive environment. The ultimate goal is to ensure the work-
place allows employees from diverse backgrounds, ethnicities, and genders to reach their potential and contribute to 
NASA’s mission. Multiple offices work together, to this end, including the Office of Human Capital Management, the 
Office of Diversity and Equal Opportunity, and the Office of Education. The latter office contributes to developing a 
national science, technology, engineering, and mathematics (STEM) workforce, one that NASA can draw upon to meet 
its hiring needs.   

The performance measures below demonstrate NASA’s efforts to continually improve the workforce environment, for 
all employees through multiple initiatives, and to influence a STEM pipeline, with diverse populations to draw upon for 
hiring needs. Multiple factors can impact these efforts, including funding delays, imperfect data collection methods, and 
receiving changes to priorities mid-year from the Administration or Congress. In the case of several of these measures, 
NASA performance is trending well, but the original targets were aggressive, which is demonstrated by the rating.

Continual Improvement of the Workforce Environment
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AMO-11-6 (Performance Goal 5.1.1.4)
Accountable Organization: Mission Support Directorate, Office of Human Capital Management
Identify and address at least two topics that employees identified in the latest Federal Employee Viewpoint Sur-
vey.

FY 2011
Yellow

Why Measure AMO-11-6 was Not Met: This annual performance goal was not met. Many of the planned activi-
ties were completed but several have been delayed into FY 2012. Specifically, the identified areas to be ad-
dressed, and their corresponding action plan, are as follows: 

1) Continue focus on teamwork/working together to ensure mission success. Planned actions included continual 
monitoring of Shuttle workforce concerns through regular surveys; and instituting a team-building focus in Agency 
leader development programs. The activities toward this topic were completed in this fiscal year.

2) Ensure that recognition and rewarding of employees is fair, consistent, and based on results-oriented perfor-
mance. The planned actions included educating and training supervisors, through Agency supervisory training 
courses; and implementing recommendations for enhancing the Agency’s Honor Awards Program. Both of these 
planned actions were delayed into FY 2012. This year’s funding level removed the option for conducting further 
Agency supervisory courses in FY 2011. Additionally, the development of new policies surrounding the Agency 
Honor Awards Program, is taking more time than planned, resulting in a delay until FY 2012.

FY 2011 Performance Improvement Plan:  These actions will be completed in fiscal year 2012. OHCM will con-
tinue focus on teamwork and working together to ensure mission success. Actions include continual monitoring 
of Shuttle workforce concerns through regular surveys; and team-building focus in Agency leader development 
programs. OHCM will also ensure that recognition and rewarding of employees is fair, consistent, and based on 
results-oriented performance. Actions include educating and training supervisors through Agency supervisory 
training course and to implement recommendations for enhancing the Agency’s Honor Awards Program.
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AMO-11-7 (Performance Goal 5.1.1.5)
Accountable Organization: Office of Diversity and Equal Opportunity
Complete FY 2011 actions described in the NASA Model Equal Employment Opportunity (EEO) Agency Plan.

FY 2011
Yellow

Why Measure AMO-11-7 was Not Met:  NASA made significant progress on many of 57 activities, contained in 
the Model EEO Agency Plan for FY 2011-2013, which have efforts in fiscal year 2011, but did not complete all the 
planned actions.  NASA sought to complete 40 of the 57 actions in the first year of the Plan alone. NASA com-
pleted 14 of these actions (35 percent). In addition, NASA completed five actions not targeted for completion until 
FY 2012. Of the other actions targeted for completion in FY 2011, NASA has partially completed 19 (48 percent).  
NASA has completed key actions related to the Agency’s Anti-Harassment Program, Conflict Management Pro-
gram, and the Functional Review Program is on track for completion of its actions. However, as a result of recent 
Executive Orders that required development of action plans in FY 2010-2011 for Asian Americans and Pacific 
Islanders, Individuals with Disabilities, and Veterans, NASA had to add multiple actions to the Model EEO Agency 
Plan. The initial development of these plans, dispositioning of community group comments, and introduction of 
approximately 20 new actions, mid-year, did not allow time for full progress to be made.  All efforts continue to 
progress, and are expected for completion before the end of the plan’s timeframe.

FY 2011 Performance Improvement Plan: NASA is committed to continuing the efforts to remove barriers to 
a diverse and inclusive workplace, conducive to employees reaching their potential. In order to fully meet the 
objectives of the Plan, in FY 2012, NASA will: 1) undertake a careful review of the remaining actions and their 
target dates, taking into account new information, such as recent Government-wide initiatives relating to EEO and 
diversity; and 2) revise the Plan accordingly.
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An Inclusive and Diverse STEM Workforce
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10ED03

Accountable Organization: Office of Education
Serve 8,500 under-represented and under-served students in NASA higher education programs.

FY 2010
Yellow

Why Measure 10ED03 was Not Met:  In FY 2009, 6,743 higher education students self-reported as being part 
of an underserved and underrepresented race or ethnicity. This represents 40.6 percent of the total number 
of higher education students served by NASA in FY 2009, an increase from 28 percent of all higher education 
students similarly reporting in FY 2008. Of all higher education students served by the Agency, 43 percent self-
reported being women, an increase from 41 percent in FY 2008. These figures are well above national averages 
for participation of minority students according to the National Science Foundation’s report, Women, Minorities, 
and Persons with Disabilities in Science and Engineering, released in April 2010. The reduction in the number of 
minority higher education students served (6,743 students rather than the goal of 8,500) also reflects an increased 
emphasis on institutional awards for education and research, and a corresponding decrease in individual student 
awards. The overall reduction in direct support to all higher education students in turn affects the total number of 
higher education underserved and underrepresented students reached by NASA. In FY 2007, the total number 
of higher education students reached was 34,493; in FY 2008, the number dropped to 24,362, in FY 2009, it 
dropped further to 24,168. Higher education projects are adjusting to address this trend, but there is significant 
lag time before results are available (e.g., new course development time, time to execute activities, grant reporting 
lag time). Another factor adversely influencing the number of individual student awards is the increasing cost of 
education. To offer individual awards that remain competitive with those of other federal programs and industry, 
NASA grantees must increase award amounts that meet cost increases in tuition, travel, and other expenses. In 
a flat or reduced budget environment, an increase in award size means that fewer direct support awards can be 
made.

FY 2010 Performance Improvement Plan:  NASA higher education projects are actively working to increase the 
participation of underrepresented and underserved students. Future efforts include plans to work more closely 
with community colleges and institutions that tend to serve large numbers of underserved students. The Space 
Grant Program, which works with affiliates in all 50 states, the District of Columbia, and Puerto Rico, has actively 
encouraged state consortia to better engage minority-serving institutions in their networks. The consortia are ac-
countable for improving the participation of underserved students in their programs, determined as a percentage 
of their audience base. The strategy has been successful, as participation of racially and ethnically underserved 
and underrepresented students in the Space Grant Program has increased from 15 percent in FY 2007, to 21 
percent in FY 2008, and to 29 percent in FY 2009.

Plan Update: The performance improvement plan was successful, and NASA was able to work more closely with 
community colleges in FY 2010. In doing so, NASA increased its overall reach to underrepresented and under-
served populations. However, the number of underrepresented and underserved students reported for FY 2010 
does not reflect the increases seen in previous years, due to the availability of data associated with Space Grant 
activities. NASA released a supplemental competition, not in the first round of competitions, to the Space Grant 
Consortia to assist in strengthening linkages with Minority Serving Institutions, but this data will not be available 
until the end of the 2011 calendar year. The competition was released in late FY 2010 due to ongoing continuing 
resolutions which delayed funds. As a result, the currently available FY 2010 results only reflect underrepresented 
and underserved participation resulting from the standard Space Grant awards. The additional Space Grant 
awards, are expected to yield additional underrepresented and underserved participants, but will not be available 
until the grant performance period has concluded and grant reporting is completed.  
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ED-11-1 (Performance Goal 5.1.2.1)
Accountable Organization: Office of Education
Achieve 40 percent participation of underserved and underrepresented (in race and/or ethnicity) in NASA higher 
education projects.

FY 2011
Yellow

Why Measure ED-11-1 was Not Met: This annual performance goal was not met. Out of the 15,947 participants 
in NASA higher education programs who self-reported their race and ethnicity, 35 percent, reported being a mem-
ber of an underserved or underrepresented race or ethnic group. NASA’s aggressive goal of 40 percent, exceeds 
the national averages for underserved and underrepresented participation in higher education, and was a chal-
lenge that the Agency chose to undertake. The participation in NASA’s programs did meet or exceed the percent-
ages of underrepresented minorities pursuing higher education studies in STEM fields nationwide (between 11 to 
21 percent of these degrees, at the bachelor level, according to the National Science Foundation Report, Women, 
Minorities and Persons with Disabilities in Science and Engineering: 2011).  

FY 2011 Performance Improvement Plan: The cultivation of diversity is a core value for all NASA education 
efforts, and NASA will challenge itself to continually improve. The performance improvement plan, that addressed 
the last fiscal year’s performance, was successful in that NASA was able to work more closely with community 
colleges in FY 2010, which reflected in increases seen in FY 2011 measures. In doing so, NASA increased its 
overall reach to underrepresented and underserved populations, moving from one year to the next. NASA has 
refocused several projects within the Agency’s higher education portfolio during FY 2011 in pursuit of this goal, 
including the announcement of two new grant opportunities targeted at minority serving institutions and commu-
nity colleges, which tend to have larger populations of underserved and underrepresented students. In FY 2012, 
NASA will seek to improve the percentage of underrepresented and underserved students, that participate in its 
higher education programs by placing increased emphasis on inclusion and participation by these populations 
in the projects that reach the largest numbers of undergraduate and graduate students, such as the Space Grant 
Project. Additionally, NASA plans to take a more holistic look, across the Agency, where activities in the mission 
organizations, may be encouraging participation, and factor in this data for a more complete picture.
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ED-11-2 (Performance Goal 5.1.2.1)
Accountable Organization: Office of Education
Achieve 45 percent participation of women in NASA higher education projects.

FY 2011
Yellow

Why Measure ED-11-2 was Not Met: This annual performance goal was not met. Out of the 15,568 participants 
in NASA higher education programs who self-reported their gender, 39 percent, reported being female.  Albeit a 
greater number of women currently pursue higher education studies in the United States, men pursue a higher 
proportion of the degrees in science and engineering fields. For example, compared with men, women earn de-
grees at medium to low levels in physical sciences and mathematics (between 30 to 44% of these degrees), and 
at low levels in computer science and engineering  (between 18 to 27% of these degrees). Despite the statistics, 
NASA still chose to set an aggressive goal of 45 percent, and fell just short of the challenge.  

FY 2011 Performance Improvement Plan: In FY 2012, NASA will seek to improve the percentage of women 
that participate in its higher education programs by placing increased emphasis on inclusion and participation by 
these populations in the projects that reach the largest numbers of undergraduate and graduate students, such 
as the Space Grant Project. NASA currently conducts a significant number of K-12 and informal STEM education 
projects that specifically target participation by pre-college girls. By stimulating interest in STEM among young 
females in the Agency’s education pipeline, NASA expects that many of these students will remain engaged and 
continue to participate in NASA programs upon entering college.

Additionally, NASA plans to take a more holistic look, across the Agency, where activities in the mission organiza-
tions, may be encouraging participation, and factor in this data for a more complete picture.
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Additional Context 

Performance Goal 5.1.1.3: Achieve and sustain an effective labor-management dialogue is rated Green.

Performance Measure AMO-11-5: Identify and address at least three significant labor-management chal-
lenges identified during the year during periodic Agency-led Labor Management Forums is grated Green.  
This annual performance goal was exceeded as four Labor Management Forums were held on FY 2011. 
Discussions in these forums addressed usage of term appointment authority, a review of the Agency perfor-
mance management process with a focus on “level 2” ratings to address concerns about discrimination, and a 
discussion of line management/program management communication issues.

Performance Goal 5.1.1.6: Implement an Agency-wide Diversity and Inclusion Framework to develop a 
more demographically diverse workforce and a more inclusive work environment is rated Green.

Performance Measure AMO-11-8: Establish a baseline for diversity by developing and implementing an 
Agency-wide diversity-inclusion survey is grated Green. NASA deployed its Diversity and Inclusion (D&I) 
Assessment Survey in early FY 2010, which was responded to by 40 percent of the workforce. The results of 
the survey have been completed and disseminated to the Agency’s D&I leads and other stakeholders, who 
continue to use this data to inform the development of NASA’s D&I Strategic Plans.

Performance Goal 5.1.1.1: Define and build the workforce skills and competencies needed for the Agen-
cy’s future directions in technology development and deep space exploration is rated Green.

Performance Measure AMO-11-2: Twenty percent or more of annual recruitments will be through the 
early career hiring initiatives is rated Green. This annual performance goal was met, as 20 percent of total 
hires in FY 2011, are considered “early career”.
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10ED04
Accountable Organization: Office of Education
Achieve 60% employment of student participants in FY 2009 NASA higher education programs by NASA, aero-
space contractors, universities, and other educational institutions.

FY 2010
Yellow

Why Measure 10ED04 was Not Met:  In FY 2010, NASA’s education workforce development target was 60 
percent of students from NASA’s higher education programs entering into NASA-related careers. Of the 1,343 stu-
dents who self-reported employment data, 625 students (or 46.5 percent) reported working for NASA, aerospace 
contractors, universities, or other educational institutions. One project, Motivating Undergraduates in Science and 
Technology (MUST) was used as a prototype for more closely mapping an Office of Education project directly to 
the NASA Early Career Hiring Initiative. This collaborative approach succeeded in placing 22 of 29 graduates with 
NASA and JPL. The overall drop in employment rate in these specific sectors, relative to previous years, may be 
a result of uncertainty in NASA’s plans (e.g., retirement of Space Shuttle Program, future of the Constellation Pro-
gram), and overall poor health of the U.S. economy in 2008/2009. However, 38.6 percent of graduates (in addition 
to those hired by NASA, aerospace industry and educational organizations), chose STEM-related careers. One 
might conclude that NASA in-depth education experiences are indicative of STEM workforce preparation.

FY 2010 Performance Improvement Plan: NASA organizations with a stake in developing the future workforce 
will continue to work collaboratively with each other and industry partners to identify future workforce trends and 
needs. New efforts in the One Stop Shopping Initiative include closer collaboration between NASA’s hiring man-
agers and mentors for higher education students.

Plan Update: The performance plan was successful. In the year following, of the graduates who participated in 
NASA Higher education programs and self-reported employment data, 60.3 percent reported working for NASA, 
aerospace contractors, universities, or other educational institutions. NASA organizations have worked collabora-
tively with each other, as well as industry partners, to meet their respective workforce needs. Additionally, closer 
collaboration between NASA’s hiring managers and mentors for higher education students have yielded positive 
results.
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Photo, previous page: A three percent scale model of a blended wing body aircraft design is tested in NASA Langley’s 12-Foot Low-Speed 
Tunnel  During the testing, engineers sought to clarify results from a previous test of the X-48C prototype conducted in the Langley Full Scale 
Tunnel  (Credit: NASA/S  Smith)
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Message from the Chief Financial Officer

NASA takes seriously its responsibility for stewardship of the resources entrusted to 
it and for reporting on the Agency’s budget and performance outcomes. This Finan-
cials section is the culmination of our efforts to present the Agency’s financial status 
and provide transparency and accountability to the American people. It provides a 
comprehensive view of the financial activities undertaken to advance NASA’s explo-
ration, space operations, science, aeronautics research, and education missions. It 
also represents a snapshot of the financial picture resulting from the work performed 
on a daily basis by NASA personnel as we operate across ten centers and multiple 
locations in the United States and around the world.

I am very pleased to report that NASA continues to make significant progress in 
financial management. The results of the Agency’s fiscal year 2011 financial audit are 
clear evidence of that progress. The Agency received an unqualified “clean” opinion 
on its financial statements for the first time in nine years. Additionally, NASA reported 
that it is substantially compliant with the Federal Financial Management Improvement 
Act (FFMIA) for the second consecutive year.

While the independent auditors report no material weaknesses through their audit, two significant deficiencies, one 
related to liability estimates and another related to information technology controls, will continue to require NASA’s atten-
tion and diligence. The Agency is committed to resolving these remaining deficiencies.

We are pleased with our progress and achievements, and we remain committed to ensuring a sound financial manage-
ment environment. These significant accomplishments are the result of the coordinated, focused efforts of dedicated, 
hard-working professionals across NASA. I appreciate the continued support of the entire Agency, with special thanks 
to the Office of Inspector General, as we continue to work together in our quest for excellence in financial management. 

November 15, 2011

Dr. Elizabeth Robinson 
Chief Financial Officer
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Principal Financial Statements

Introduction to the Principal Financial Statements

Introduction and Limitations to the Financial Statements

The principal financial statements have been prepared to report the financial position and results of operations of the 
National Aeronautics and Space Administration (NASA), pursuant to the requirements of 31 U.S.C. 3515 (b).  The state-
ments have been prepared from the records of NASA in accordance with Generally Accepted Accounting Principles 
(GAAP) and the formats prescribed by the Office of Management and Budget (OMB) in Circular No. A-136, Financial 
Reporting Requirements. The statements are in addition to financial reports prepared by NASA in accordance with 
OMB and U.S. Department of the Treasury (Treasury) directives to monitor and control the status and use of budgetary 
resources, which are prepared from the same records.  The statements should be read with the understanding that they 
are for a component of the U.S. Government, a sovereign entity.  NASA has no authority to pay liabilities not covered by 
budgetary resources.  Liquidation of such liabilities requires enactment of an appropriation.  Comparative data for 2010 
is included where applicable.  The financial statements, which describe the results of NASA’s operations and financial 
position, are the responsibility of NASA’s management.  NASA’s Principal Financial Statements include the following:

The Consolidated Balance Sheet provides information on assets, liabilities, and net position as of the end of the 
reporting period, similar to balance sheets reported in the private sector.  Assets must equal the sum of liabilities and 
net position.  The difference between assets and liabilities is a measure of NASA’s net position.

The Consolidated Statement of Net Cost reports the components of the net costs of NASA’s operations for the 
reporting period.  The net cost of operations consists of the gross cost incurred by NASA less any exchange (i.e., 
earned) revenue from activities. 

The Consolidated Statement of Changes in Net Position reports the beginning net position, the transactions that 
affect net position for the reporting period, and the ending net position. 

The Combined Statement of Budgetary Resources provides information on how budgetary resources were made 
available and their status for the reporting period.  Information in this statement is reported on the budgetary basis of 
accounting. 

Required Supplementary Stewardship Information provides information on NASA’s Research and Development 
and Other Initiatives costs. 

Required Supplementary Information contains a Combining Statement of Budgetary Resources and information 
on Deferred Maintenance.
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Audited

2011

Audited

2010
Assets (Note 2):

Intragovernmental:

Fund Balance with Treasury (Note 3) $ 9,395 $ 8,601

Investments (Note 4) 17 18

Accounts Receivable (Note 5) 89 69

Total Intragovernmental 9,501 8,688

Accounts Receivable, Net (Note 5) 1 2

Property, Plant and Equipment, Net (Note 6) 9,840 9,635

Other Assets (Note 8) — 3

Total Assets $ 19,342 $ 18,328

Stewardship PP&E (Note 7)

Liabilities (Note 9):

Intragovernmental:

Accounts Payable $ 99 $ 136

Other Liabilities (Note 11) 111 108

Total Intragovernmental 210 244

Accounts Payable 1,431 1,326

Federal Employee and Veteran Benefits 51 55

Environmental and Disposal Liabilities (Note 10) 1,445 1,041

Other Liabilities (Note 11) 1,512 1,647

Total Liabilities 4,649 4,313

Commitments and Contingencies (Note 12)

Net Position:

Unexpended Appropriations 6,528 5,706

Cumulative Results of Operations 8,165 8,309

Total Net Position 14,693 14,015

Total Liabilities and Net Position $ 19,342 $ 18,328

The accompanying notes are an integral part of this statement.

Financial Statements, Notes, and Supplemental Information

National Aeronautics and Space Administration
Consolidated Balance Sheet

As of September 30, 2011 and 2010
(In Millions of Dollars)
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Audited

2011

Audited

2010
Cost by Research and Development Initiative and Other Initiatives (Note 14):

Cost by Research and Development and Other Initiatives (Note 13):

Aeronautics Research

Gross Costs $ 808 $ 816

Less:  Earned Revenue 119 119

Net Costs 689 697

Exploration Systems

Gross Costs $ 4,791 $ 5,360

Less:  Earned Revenue 68 62

Net Costs 4,723 5,298

Science

Gross Costs $ 7,030 $ 6,697

Less:  Earned Revenue 1,019 649

Net Costs 6,011 6,048

Space Operations

Gross Costs $ 7,253 $ 9,694

Less:  Earned Revenue 58 429

Net Costs 7,195 9,265

Net Cost of Operations

Total Gross Costs $ 19,882 $ 22,567

Less:  Total Earned Revenue 1,264 1,259

Net Cost $ 18,618 $ 21,308

The accompanying notes are an integral part of this statement.

National Aeronautics and Space Administration
Consolidated Statement of Net Cost

For the Fiscal Years Ended September 30, 2011 and 2010
(In Millions of Dollars)
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Audited

2011

Audited

2010
Cumulative Results of Operations:

Beginning Balances $ 8,309 $ 13,408

Adjustments:

Changes in Accounting Principle — (3,019)

Beginning Balances, As Adjusted 8,309 10,389

Budgetary Financing Sources:

Appropriations Used 17,590 19,053

Nonexhange Revenue 13 9

Other Financing Sources:

Donations and Forfeitures of Property 15 12

Transfers In/Out Without Reimbursement 676 (2)

Imputed Financing 193 164

Other (13) (8)

Total Financing Sources 18,474 19,228

Net Cost of Operations (18,618) (21,308)

Net Change (144) (2,080)

Cumulative Results of Operations 8,165 8,309

Unexpended Appropriations:

Beginning Balance 5,706 6,128

Budgetary Financing Sources:

Appropriations Received 18,485 18,724

Other Adjustments (73) (93)

Appropriations Used (17,590) (19,053)

Total Budgetary Financing Sources 822 (422)

Unexpended Appropriations 6,528 5,706

Net Position $ 14,693 $ 14,015

The accompanying notes are an integral part of this statement.

National Aeronautics and Space Administration
Consolidated Statement of Changes in Net Position

For the Fiscal Years Ended September 30, 2011 and 2010
(In Millions of Dollars)
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Audited

2011

Audited

2010
Budgetary Resources:

Unobligated Balance, Brought Forward, October 1: $ 615 $ 1,320

Recoveries of Prior Year Unpaid Obligations 257 330

Budgetary Authority

Appropriation 18,486 18,725

Spending Authority from Offsetting Collections:

Earned

Collected 1,964 1,475

Change in Receivables from Federal Sources 18 (147)

Change in Unfilled Customer Orders

Advance Received 38 (87)

Without Advance from Federal Sources 11 (14)

Subtotal 20,517 19,952

Permanently Not Available

Cancellations of Expired and No-Year Accounts (36) (93)

Enacted Reductions (37) —

Total Budgetary Resources $ 21,316 $ 21,509

Status of Budgetary Resources:

Obligations Incurred (Note 14):

Direct $ 18,602 $ 19,413

Reimbursable 2,037 1,481

Subtotal 20,639 20,894

Unobligated Balance:

Apportioned 541 459

Unobligated Balance Not Available 136 156

Total Status of Budgetary Resources $ 21,316 $ 21,509

The accompanying notes are an integral part of this statement.

National Aeronautics and Space Administration
Combined Statement of Budgetary Resources

For the Fiscal Years Ended June 30, 2011 and 2010
(In Millions of Dollars)
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Audited

2011

Audited

2010
Change in Obligated Balance:

Obligated Balances, Net

Unpaid Obligations Brought Forward, October 1 $ 8,779 $ 8,516

Less:  Uncollected Customer Payments from

Federal Sources, Brought  Forward, October 1 822 983

Total Unpaid Obligated Balances, Net 7,957 7,533

Obligations Incurred (Note 14) 20,639 20,894

Less:  Gross Outlays 19,635 20,301

Less:  Recoveries of Prior Year Unpaid Obligations, Actual 257 330

Change in Uncollected Customer Payments from 

Federal Sources (29) 161

$ 8,675 $ 7,957

Obligated Balance, Net, End of Period

Unpaid Obligations $ 9,526 $ 8,779

Less:  Uncollected Customer Payments from

Federal Sources 851 822

Total, Unpaid Obligated Balance, Net, End of Period $ 8,675 $ 7,957

Net Outlays:

     Net Outlays:

Gross Outlays $ 19,635 $ 20,301

Less:  Offsetting Collections 2,002 1,388

Less:  Distributed Offsetting Receipts 16 8

Net Outlays $ 17,617 $ 18,905

The accompanying notes are an integral part of this statement.

National Aeronautics and Space Administration
Combined Statement of Budgetary Resources

For the Fiscal Years Ended September 30, 2011 and 2010
(In Millions of Dollars)
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National Aeronautics and Space Administration
Notes to Financial Statements 
For the Fiscal Years 2011 (audited) and 2010 (audited)

NOTE 1.   SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES

Reporting Entity 

The National Aeronautics and Space Administration (NASA) is an independent Agency established by Congress on 
October 1, 1958 by the National Aeronautics and Space Act of 1958.  NASA was incorporated from the Agency’s pre-
decessor organization, the National Advisory Committee for Aeronautics, which provided technical advice to the United 
States (U.S.) aviation industry and performed aeronautics research.  Today, NASA serves as the fulcrum for initiatives by 
the United States in civil space and aviation.

NASA is organized into four Research and Development and Other Initiatives (R&D/Other) which focus on the following 
objectives:

•	 Aeronautics	Research:	conducting	research	which	will	significantly	enhance	aircraft	performance,	environmental	
compatibility, and safety, and will enhance the capacity, flexibility, and safety of the future air transportation system;

•	 Exploration	Systems:	creating	new	capabilities,	supporting	technologies	and	foundational	research	for	affordable,	
sustainable human and robotic exploration;

•	 Science:	exploring	the	Earth,	Moon,	Mars,	and	beyond;	charting	the	best	route	of	discovery,	and	reaping	the	ben-
efits	of	Earth	and	space	exploration	for	society;	and

•	 Space	Operations:	providing	critical	enabling	technologies	for	much	of	the	rest	of	NASA	through	the	Space	Shuttle,	
the International Space Station, and flight support.

NASA’s structure includes a Strategic Management Council, a Mission Support Council, and a Program Management 
Council to integrate NASA’s strategic, tactical and operational decisions, and a number of other committees supporting 
NASA’s focus and direction.  The organizational structure is designed to position NASA to implement the National Space 
Policy.

The nine NASA Centers, NASA Headquarters, and the Jet Propulsion Laboratory carry out the activities of NASA.  The 
Jet Propulsion Laboratory is a federally funded Research and Development center owned by NASA but managed by 
an independent contractor. 

The accompanying financial statements of NASA include the accounts of all funds which have been established and 
maintained to account for the resources under the control of NASA management.

Basis of Accounting and Presentation

These consolidated financial statements are prepared in accordance with generally accepted accounting principles 
(GAAP) in the United States of America and standards as promulgated by the Federal Accounting Standards Advisory 
Board (FASAB) and the Office of Management and Budget (OMB) Circular No. A-136, Financial Reporting Requirements, 
Revised (October 2011).  FASAB is recognized by the American Institute of Certified Public Accountants (AICPA) as the 
official accounting standards-setting body for United States government entities.  The statements present the financial 
position, net cost of operations, changes in net position, and budgetary resources of NASA, as required by the Chief 
Financial Officers Act of 1990, Public Law (P.L.) 101-576, and the Government Management Reform Act (P.L. 101-356).

The financial statements should be read with the realization they are a component of the U.S. government, a sovereign 
entity.  One implication of this is that liabilities cannot be liquidated without legislation providing resources and legal 
authority to do so.  The accounting structure of Federal agencies is designed to reflect both accrual and budget-
ary accounting transactions.  Under the accrual method of accounting, revenues are recognized when earned and 
expenses are recognized when a liability is incurred, without regard to receipt or payment of cash.  Budgetary account-
ing facilitates compliance with legal constraints and controls over the use of Federal funds.
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National Aeronautics and Space Administration
Notes to Financial Statements 
For the Fiscal Years 2011 (audited) and 2010 (audited)

NOTE 1.   SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (continued)

Budgets and Budgetary Accounting

NASA follows standard Federal budgetary accounting policies and practices in accordance with OMB Circular No. 
A-11, Preparation Submission and Execution of the Budget.  To accomplish the goals of NASA’s R&D/other initia-
tives,	Congress	funds	NASA	through	appropriations:		Science,	Aeronautics,	Exploration,	Space	Operations,	Education,	
Cross-NASA	Support,	Inspector	General,	and	Construction	and	Environmental	Compliance	and	Remediation.		Reim-
bursements to NASA are used to fund agreements between NASA and other Federal entities or the Public.  

Research and Development (R&D), Other Initiatives and Similar Costs

NASA makes substantial R&D investments for the benefit of the United States.  NASA’s R&D programs include activi-
ties	to	extend	our	knowledge	of	Earth,	its	space	environment,	and	the	universe;	and	to	invest	in	new	aeronautics	and	
advanced space transportation technologies supporting the development and application of technologies critical to the 
economic, scientific, and technical competitiveness of the United States.  Following guidance outlined in the Federal 
Accounting Standards Advisory Board’s (FASAB) Technical Release No. 7, NASA applies the Financial Accounting Stan-
dards Board’s (FASB) Accounting Standards Codification (ASC) 730-10-25, Research and Development - Recognition, 
and FASB ASC 730-10-50 Research and Development - Disclosure, to its R&D projects.

Use of Estimates

The preparation of financial statements requires management to make estimates and assumptions affecting the reported 
amounts of assets and liabilities as of the date of the financial statements and the reported amounts of revenues and 
expenses during the reporting period.  Actual results could differ from these estimates.

NASA requires major contractors to provide an estimate of their anticipated billing prior to their sending the actual 
invoice.  In addition, NASA requires the contractors to provide an estimate for the next month’s anticipated work.  When 
NASA receives these estimates they are compared to the contract under which the work is performed.  If the estimate 
exceeds a specified funding line item, the program manager and the procurement official, as necessary, review the 
estimate prior to posting in the general ledger as an estimated liability.  If the review is not completed within the time-
frame for quarterly or annual reporting, NASA uses the estimates of activity through the current period to establish an 
estimated liability.  However, in this instance NASA fully recognizes that “no agency has the authority to pay liabilities not 
covered by budgetary resources.”  Liability to the contractor is not established by receipt of these estimates, but only 
when accepted by NASA. 

NASA applies Statement of Federal Financial Accounting Standard	(SFFAS)	No.	35	in	valuing	General	PP&E	when	his-
torical cost information is not available.

Fund Balance with Treasury

Fund Balance with Treasury (FBWT) represents NASA’s funds held on deposit with the U.S. Treasury that are available 
to make expenditures and pay liabilities.  NASA’s FBWT balance is comprised in general funds, trust funds, and other 
types of funds.
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National Aeronautics and Space Administration
Notes to Financial Statements 
For the Fiscal Years 2011 (audited) and 2010 (audited)

NOTE 1.   SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (continued)

Investments in U.S. Government Securities

National Aeronautics and Space Administration investments include the following Intragovernmental non-marketable 
securities:

1. The	Endeavor	Teacher	Fellowship	Trust	Fund	(Endeavor	Trust	Fund)	was	established	from	public	donations	in	tribute	
to	the	crew	of	the	Space	Shuttle	Challenger.		The	Endeavor	Trust	Fund	balance	is	invested	in	short-term	bills.		P.L.	
102-195	requires	the	interest	earned	from	the	Endeavor	Trust	Fund	investments	be	used	to	create	the	Endeavor	
Teacher Fellowship Program. 

2. The	Science,	Space	and	Technology	Education	Trust	Fund	(Challenger	Trust	Fund)	was	established	for	programs	to	
improve science and technology education.  The Challenger Trust Fund balance is invested in short-term bills and 
long-term bonds.  P.L. 100-404 requires that a quarterly payment of $250,000 is sent to the Challenger Center from 
interest earned on the Challenger Trust Fund investments.  In order to meet the requirement of providing funds to 
the Challenger Center, NASA invests the bi-annual interest earned in short-term bills that mature in order to provide 
$250,000 at the end of every quarter.  Any interest received and not needed for the quarterly payment to the Chal-
lenger Center is invested in a bond maturing on February 15, 2019.

Accounts Receivable

The majority of NASA’s receivables are for intragovernmental reimbursements of R&D costs.  A small portion of NASA 
accounts receivable are debts to NASA by non-Federal government entities.  Allowances for doubtful non-Federal 
accounts are based on factors such as, aging of accounts receivable, debtors’ ability to pay, payment history, and other 
relevant factors.  Also, doubtful non-Federal debts over 180 days are referred to the Treasury Department for collection 
or cross-servicing in accordance with the federal Debt Collection Improvement Act.  

Operating Materials and Supplies

NASA does not maintain inventory stock for resale.  NASA follows the purchases method of accounting for operating 
materials and supplies.  The purchases method provides that operating materials and supplies be expensed when 
purchased.  

Property, Plant and Equipment

NASA reports depreciation expense using the straight-line method, beginning with the month the asset is placed into 
service.  Property with accumulated costs of $100,000 or more, a useful life of 2 years or more, and an alternative future 
use is capitalized.  Capitalized costs include costs incurred by NASA to bring the property to a form and location suitable 
for its intended use.  Under provisions of the Federal Acquisition Regulation (FAR), contractors are responsible for control 
and accountability for Government-owned property in their possession.

NASA	has	barter	agreements	with	international	entities	including	the	European	Space	Agency	and	the	National	Space	
Agency of Japan.  The intergovernmental agreements state that the parties will seek to minimize the exchange of funds 
in the cooperative program, including the use of barters to provide goods and services.  As of September 30, 2011, 
NASA has received some assets from these parties in exchange for future services.  The fair value is indeterminable; 
therefore, no value was ascribed to these transactions in accordance with FASB ASC 845-10-25 Non-Monetary Trans-
actions – Recognition and ASC 845-10-50 Non-Monetary Transactions – Disclosure.  The amounts reflected in NASA’s 
financial reports for the ISS exclude components of the ISS owned or provided by other participants in the ISS.
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NOTE 1.   SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (continued)

Property, Plant and Equipment (continued)

Capitalized costs for internally developed software include the full costs (direct and indirect) incurred during the software 
development stage only.  For purchased software, capitalized costs include amounts paid to vendors for the software 
and material internal costs incurred by NASA to implement and make the software ready for use through acceptance 
testing.  When NASA purchases software as part of a package of products and services (for example: training, mainte-
nance, data conversion, reengineering, site licenses, and rights to future upgrades and enhancements), capitalized and 
non-capitalized costs of the package are allocated among individual elements on the basis of a reasonable estimate of 
their relative fair market values.  Costs not susceptible to allocation between maintenance and relatively minor enhance-
ments are expensed.  NASA capitalizes costs for internal use software when the total projected cost is $1 million or more 
and the expected useful life of the software is 5 years or more.

Liabilities Covered by Budgetary Resources

Liabilities covered by budgetary resources are liabilities covered by realized budgetary resources as of the balance 
sheet date.  Realized budgetary resources include unobligated balances of budgetary resources at the beginning of the 
year,	new	budget	authority,	and	spending	authority	from	offsetting	collections.		Examples	of	covered	liabilities	include	
accounts payable and salaries.  

Liabilities and Contingencies Not Covered by Budgetary Resources 

Generally liabilities not covered by budgetary resources are liabilities for which congressional action is needed before 
budgetary resources can be provided.  Liabilities not covered by budgetary resources include certain environmen-
tal matters, legal claims, pensions and other retirement benefits, workers’ compensation, annual leave, and closed 
appropriations.

Federal Employee and Veterans’ Benefits

A	liability	was	recorded	for	workers’	compensation	claims	related	to	the	Federal	Employees’	Compensation	Act	(FECA),	
administered	by	the	U.S.	Department	of	Labor.		The	FECA	provides	income	and	medical	cost	protection	to	covered	Fed-
eral civilian employees injured on the job, employees who have incurred a work-related occupational disease, and ben-
eficiaries	of	employees	whose	death	is	attributable	to	a	job-related	injury	or	occupational	disease.		The	FECA	program	
initially pays valid claims and subsequently seeks reimbursement from the Federal agencies employing the claimants.

The	FECA	liability	includes	the	actuarial	liability	for	estimated	future	costs	of	death	benefits,	workers’	compensation,	and	
medical	and	miscellaneous	costs	for	approved	compensation	cases.		This	liability	is	reported	on	the	Federal	Employee	
and Veteran Benefits line on the balance sheet.
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NOTE 1.   SUMMARY OF SIGNIFICANT ACCOUNTING POLICIES (continued)

Personnel Compensation and Benefits

Annual Sick and Other Leave

Annual	leave	is	accrued	as	it	is	earned;	the	accrual	is	reduced	as	leave	is	taken.		Each	year,	the	balance	in	the	accrued	
annual leave account is adjusted to reflect current pay rates.  To the extent current or prior year appropriations are not 
available to fund annual leave earned but not taken, funding will be obtained from future financing sources.  Sick leave 
and other types of non-vested leave are expensed as taken.

Retirement Benefits

NASA employees participate in the Civil Service Retirement System (CSRS), a defined benefit plan, or the Federal 
Employees	Retirement	System	(FERS),	a	defined	benefit	and	contribution	plan.		For	CSRS	employees,	NASA	makes	
contributions	of	7.0	percent	of	gross	pay.		For	FERS	employees,	NASA	makes	contributions	of	gross	pay	of	11.7	percent	
to the defined benefit plan, 1 percent to a retirement saving plan (contribution plan), and matches employee contribu-
tions	up	to	an	additional	4	percent	of	gross	pay.		For	FERS	employees,	NASA	also	contributes	to	employer’s	matching	
share for Social Security taxes.

Insurance Benefits

Statement of Federal Financial Accounting Standards (SFFAS) No. 5, Accounting for Liabilities of the Federal Govern-
ment,	requires	Government	agencies	to	report	the	full	cost	of	Federal	Employee	Health	Benefits	(FEHB),	and	the	Federal	
Employees	Group	Life	Insurance	(FEGLI)	Programs.		NASA	uses	the	applicable	cost	factors	and	data	provided	by	the	
Office of Personnel and Management to value these liabilities.  

NOTE 2.   NON-ENTITY ASSETS

The majority of NASA’s assets are considered entity assets.  Non-entity assets represent amounts held by NASA on 
behalf of the U.S. Treasury that are not available for use by NASA.

(In Millions of Dollars) 2011 2010

Total Non-Entity Assets $ 1 $ —

Total Entity Assets 19,341 18,328

Total Assets $ 19,342 $ 18,328
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NOTE 3.   FUND BALANCE WITH TREASURY

Fund Balance with Treasury (FBWT) represents the aggregate amount of the NASA’s funds held on deposit with the 
U.S. Treasury that are available to make expenditures and pay liabilities.  NASA’s FBWT balance is comprised in general 
funds, trust funds, and other types of funds.  General Funds primarily consist of appropriated funds for NASA. Trust 
Funds	include	balances	in	the	Endeavor	Trust	Fund;	Challenger	Trust	Fund;	and	Gifts	and	Donations	Trust	Fund.		Other	
types of funds include Working Capital Fund; General Receipt funds; and Budget Clearing and Suspense funds..

(In Millions Of Dollars) 2011 2010

Status of Fund Balances with Treasury:

Unobligated Balances

Available $ 541 $ 459

Unavailable 136 156

Obligated Balance not Yet Distributed 8,675 7,957

Non-Budgetary FBWT 43 29

Total $ 9,395 $ 8,601

(In Millions Of Dollars) 2011 2010

Fund Balances:

General Funds $ 9,317 $ 8,533

Trust Funds 3 3

Other Fund Types 75 65

Total $ 9,395 $ 8,601

The Status of Fund Balance with Treasury is primarily the total fund balance as recorded in the general ledger for 
unobligated and obligated balances.  Unobligated Balances - Available is the amount remaining in appropriation funds 
available for obligation in future fiscal years.  Unobligated Balances - Unavailable is the amount remaining in appropria-
tion funds used only for adjustments to previously recorded obligations.  Obligated Balances - Not Yet Disbursed is the 
cumulative amount of obligations incurred for which outlays have not been made.  Non-budgetary FBWT is comprised 
of amounts in other types of funds.
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NOTE 4.   INVESTMENTS

NASA’s investments consist of non-marketable par value intragovernmental securities issued by Treasury’s Bureau of 
the Public Debt.  The trust fund balances are invested in Treasury securities, which are purchased at either a premium or 
discount, and redeemed at par value exclusively through Treasury’s Federal Investment Branch.  The effective-interest 
method was utilized to amortize premiums on bonds, and the straight-line method was utilized to amortize discounts 
on bills.  

Interest receivable on investments was less than one-half million dollars.  In addition, NASA did not have any adjust-
ments resulting from the sale of securities prior to maturity or any change in value that is more than temporary.

2011

(In Millions of Dollars) Cost

Amoritization

Method

Amoritzed

(Premium)

Discount

Interest

Receivable

Investments,

Net

Other

Adjustments

Market

Value

Disclosure

Intragovernmental Straight-Line

Securities:

Non- Marketable: Effective-interest

Par value $19 0.025 - 6.602% $ (2) $ — $ 17 $ — $ 17

Total $19 $ (2) $ — $ 17 $ — $ 17

2010

(In Millions of Dollars) Cost

Amoritization 

Method

Amoritzed

(Premium)

Discount

Interest

Receivable 

Investments,

Net

Other

Adjustments

Market

Value

Disclosure

Intragovernmental Straight-Line

Securities:

Non-Marketable: Effective-interest

Par value $19 0.155 - 6.602% $ (1) $ — $ 18 $ — $ 18

Total $19 $ (1) $ — $ 18 $ — $ 18
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                                                2011

(In Millions of Dollars)

Accounts 

Receivable

Allowance for

Uncollectible

Accounts

Net Amount

Due

Intragovernmental $ 89 $ — $ 89

Public 1 — 1

Total $ 90 $ — $ 90

                                                  2010

(In Millions of Dollars)

Accounts 

Receivable

Allowance for 

Uncollectible

Accounts

Net Amount

Due

Intragovernmental $ 69 $ — $ 69

Public 2 — 2

Total $ 71 $ — $ 71

NOTE 5.   ACCOUNTS RECEIVABLE, NET

The Accounts Receivable balance represents valid claims by NASA to cash or other assets of another entity.  Intra-
governmental Accounts Receivable represents reimbursements due from other Federal entities for goods and services 
provided by NASA on a reimbursable basis.  Accounts Receivable Due from the Public is the total of miscellaneous 
debts due to NASA from employees and/or smaller reimbursements from other non-Federal entities.  A periodic evalua-
tion of public accounts receivable is performed to estimate any uncollectible amounts based on current status, financial 
and other relevant characteristics of debtors, and the overall relationship with the debtor.  An allowance for doubtful 
accounts is recorded, for Accounts Receivable Due from the Public, in order to bring Accounts Receivable to its Net 
Realizable Value in accordance with SFFAS No. 1, Accounting for Selected Assets and Liabilities.  No allowance for 
doubtful accounts is necessary for Accounts Receivables Due from other federal entities.  The total allowance for doubt-
ful accounts for FY 2011 and for FY 2010 was less than one-half million dollars.
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NOTE 6.   PROPERTY, PLANT, AND EQUIPMENT, NET (PP&E)

Property, plant and equipment is depreciated using the straight-line method, beginning with the month the asset is 
placed into service.  Property with a unit cost of $100,000 or more and a useful life of 2 years or more and an alternative 
future use is capitalized.  Capitalized costs include costs incurred to bring the property to a form and location suitable 
for its intended use.  Under provisions of the Federal Acquisition Regulation (FAR), contractors are responsible for control 
and accountability of Government-owned property in their possession.

NASA began depreciating the International Space Station in Fiscal Year (FY) 2001 when manned by the first permanent 
crew.  Only the Station’s major elements in space, which represents U.S. owned hardware components that are deliv-
ered and installed on-orbit, are depreciated; any on-ground elements are reported as Assets Under Construction (AUC) 
until launched and incorporated into the existing Station structure.

NASA applies Statement of Federal Financial Accounting Standard	(SFFAS)	No.	35	in	valuing	General	PP&E	when	his-
torical	cost	information	is	not	available.	There	is	no	known	restriction	to	the	use	or	convertibility	of	NASA	PP&E.

In 2011, NASA determined that expenditures aggregated over several years for certain satellites under construction, 
which were previously reported as research and development expenditures, should be accounted for as capitalized 
assets.  NASA evaluated the effect of this matter on each of the individual years in question and determined that the 
effect in any given year was not material to the financial statements.  It was appropriate to make this accounting change 
to improve the overall accuracy of the information reported at September 30, 2011.  The adjustment in 2011 had the 
effect	of	increasing	Property	Plant	and	Equipment	by	$699	million,	decreasing	Space	Operation	costs	by	$317	million	
and increasing Transfers In by $382 million.
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2011

(In Millions of Dollars)

Depreciation

Method Useful Life Cost

Accumulated

Depreciation Book Value

Space Exploration PP&E

International Space Station Straight-line 5 - 20 years $ 12,465 $ (7,325) $ 5,140

Space Shuttle Straight-line 5 - 20 years 5,516 (5,516) —

Assets Under Construction N/A 1,337 — 1,337

Total 19,318 (12,841) 6,477

General PP&E

Land 122 — 122

Structures, Facilities and Leasehold

Improvements Straight-line 15 - 40 years 8,669 (6,480) 2,189

Institutional Equipment Straight-line 5 - 20 years 1,410 (1,116) 294

Construction in Process N/A 719 — 719

Internal Use Software and Development Straight-line 5 years 226 (187) 39

Total 11,146 (7,783) 3,363

Total Property, Plant, and Equipment $ 30,464 $ (20,624) $ 9,840

2010

(In Millions of Dollars)

Depreciated

Method Useful Life Cost

Accumulated

Depreciation Book Value

Space Exploration PP&E

International Space Station Straight-line 5 - 20 years $ 12,584 $ (6,312) $ 6,272

Space Shuttle Straight-line 5 - 20 years 8,468 (8,468) —

Assets Under Construction N/A 316 — 316

Total 21,368 (14,780) 6,588

General PP&E

Land 123 — 123

Structures, Facilities and Leasehold

Improvements Straight-line 15 - 40 years 8,044 (6,165) 1,879

Institutional Equipment Straight-line 5 - 20 years 1,312 (1,040) 272

Construction in Process N/A 715 — 715

Internal Use Software and Development Straight-line 5 years 223 (165) 58

Total 10,417 (7,370) 3,047

Total Property, Plant, and Equipment $ 31,785 $ (22,150) $ 9,635

NOTE 6.   PROPERTY, PLANT, AND EQUIPMENT, NET (PP&E) (continued)
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NOTE 7.   STEWARDSHIP PP&E 

Federal agencies are required to classify and report heritage assets in accordance with SFFAS No. 29, Heritage Assets 
and Stewardship Land.

Stewardship	PP&E	have	physical	characteristics	similar	 to	 those	of	general	PP&E	 (G-PP&E)	but	differ	 from	G-PP&E	
because	their	value	is	more	intrinsic	and	not	easily	determinable	in	dollars.		The	only	type	of	stewardship	PP&E	owned	
by NASA are Heritage Assets. 

Heritage	Assets	are	G-PP&E	which	possess	one	or	more	of	the	following	characteristics:		

•	 Historical	or	natural	significance;

•	 Cultural,	educational,	or	aesthetic	value,	or

•	 Significant	architectural	characteristics.

Dollar value and useful life of heritage assets are not easily determinable.  There is no minimum dollar threshold for 
designating	a	G-PP&E	as	heritage	asset,	and	depreciation	expense	is	not	taken	on	these	assets.		For	these	reasons,	
heritage assets are reported in physical units, rather than with assigned dollar values.  In accordance with SFFAS No. 29, 
the cost of acquisition, improvement, reconstruction, or renovation of heritage assets is expensed in the period incurred.  

Heritage assets that are used in day-to-day government operations are considered “multi-use” heritage assets that are 
not	used	for	heritage	purposes.	Such	assets	are	accounted	for	as	G-PP&E	and	are	capitalized	and	depreciated	in	the	
same	manner	as	other	G-PP&E.		As	of	September	30,	2011,	NASA	had	112	buildings,	structures,	and	equipment	that	
are	considered	to	be	multi-use	heritage	assets.		The	values	of	these	assets	are	included	in	the	G-PP&E	values	shown	
in the Financial Statements.

When	a	G-PP&E	is	designated	as	heritage	asset,	its	cost	and	accumulated	depreciation	are	removed	from	the	books.		
They remain on the record as heritage assets, except where there is legal authority for transfer or sale.  However, they 
are withdrawn when they become inactive or reclassified as multi-use heritage assets.  Heritage assets are generally in 
fair condition suitable for display.  

NASA currently has three major classes of heritage assets: Buildings and Structures; Air and Space Displays and Arti-
facts; and, Art and Miscellaneous Items.  The first two categories of heritage assets support NASA’s mission by provid-
ing the public with tangible examples of assets which were built and deployed to support NASA’s mission.  Typically 
the Buildings and Structures have been designated as National Historic Landmarks. These real life assets enhance the 
public’s understanding of NASA’s numerous programs. 

The third category of heritage assets, Art and Miscellaneous Items is mainly comprised of items created by artists who 
have generously contributed their time and talent to record their impressions of the U.S. Aerospace Program in paint-
ings, drawings, and other media.  These works of art not only provide a historic record of NASA projects, but they sup-
port NASA’s mission by giving the public a new and fuller understanding of advancements in aerospace.  Artists give a 
special view of NASA through the back door.  Some have witnessed astronauts in training or scientists at work.  The art 
collection, as a whole, depicts a wide range of subjects, from Space Shuttle launches to aeronautics research, Hubble 
Space Telescope, and even virtual reality.
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2010 Additions Withdrawals 2011

Buildings and Structures 16 3 6 13

Air and Space Displays and Artifacts 525 8 52 481

Art and Miscellaneous Items 1,019 1 15 1,005

Total Heritage Assets 1,560 12 73 1,499

2009 Additions Withdrawals 2010

Buildings and Structures 12 5 1 16

Air and Space Displays and Artifacts 523 20 18 525

Art and Miscellaneous Items 1,014 6 1 1,019

Total Heritage Assets 1,549 31 20 1,560

NOTE 7.   STEWARDSHIP PP&E (continued)

The following table depicts NASA's heritage assets inventory:

NOTE 8.   OTHER ASSETS 

The	Other	Assets	balance	represents	general	PP&E	assets	that	NASA	determines	are	no	longer	needed	and	are	await-
ing disposal, retirement, or removal from services.  These amounts are recorded at estimated net realizable value.

(In Millions of Dollars) 2011 2010

Pending Disposal $ — $ 3

Total $ — $ 3
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(In Millions of Dollars) 2011 2010

Intragovernment Liabilities:

Other Liabilities 

Workers’ Compensation $ 13 $ 13

Accounts Payable for Closed Appropriations 4 3

Total Intragovernmental 17 16

Public Liabilities:

Accounts Payable

Accounts Payable for Closed Appropriations 38 35

Federal Employee and Veterans Benefits

Actuarial FECA Liability 51 55

Environmental and Disposal Liabilities 1,445 1,041

Less: Environmental and Disposal Liabilities- Funded (226)

Other Liabilities 

Unfunded Annual Leave 215 213

Total Liabilities Not Covered by Budgetary Resources 1,540 1,360

Total Liabilities Covered by Budgetary Resources 3,109 2,953

Total Liabilities $ 4,649 $ 4,313

NOTE 9.   LIABILITIES NOT COVERED BY BUDGETARY RESOURCES

Liabilities not covered by budgetary resources are liabilities for which congressional action is needed before budgetary 
resources	can	be	provided.	 	They	 include	certain	environmental	matters	 (See	Note	10,	Environmental	and	Disposal	
Liabilities	for	more	information),	annual	leave,	workers’	compensation	under	the	Federal	Employees’	Compensation	Act	
(FECA)	administered	by	the	Department	of	Labor,	closed	appropriations,	legal	claims	and	pensions	and	other	retirement	
benefits. 

The	present	 value	of	 the	 FECA	actuarial	 liability	 estimates	 at	 year-end	was	 calculated	by	 the	Department	 of	 Labor	
using a discount rate of 4.03% in FY 2011 and 3.54% in FY 2010.  This liability includes the estimated future costs for 
claims incurred but not reported or approved as of the end of each year.  NASA has recorded Accounts Payable related 
to closed appropriations for which there are contractual commitments to pay.  These payables will be funded from 
appropriations available for obligation at the time a bill is processed, in accordance with P.L. 101-510, National Defense 
Authorization Act.
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(In Millions of Dollars) 2011 2010

Environmental Liabilities $ 1,445 $ 1,041

Total Environmental Cleanup $ 1,445 $ 1,041

NOTE 10.   ENVIRONMENTAL AND DISPOSAL LIABILITIES 

Environmental	and	Disposal	Liabilities	represents	cleanup	costs	resulting	from:

•	 Operations	that	include	facilities	obtained	from	other	governmental	entities	that	have	resulted	in	contamination	from	
waste disposal methods, leaks and spills;

•	 Other	past	activity	that	created	a	public	health	or	environmental	risk,	or

•	 Total	cleanup	costs	associated	with	 the	removal,	containment,	and/or	disposal	of	hazardous	wastes	or	material	
and/or	property	that	have	been	deferred	until	operation	of	associated	property,	plant,	and	equipment	(PP&E)	ceases	
either permanently or temporarily.

Federal, State, and local statutes and regulations require environmental cleanup.  Some of these statutes include: the 
Comprehensive	Environmental	Response,	Compensation,	and	Liability	Act;	the	Resource	Conservation	and	Recovery	
Act; the Nuclear Waste Policy Act of 1982; as well as State and local laws.

NASA assesses the likelihood of required cleanup as probable, reasonably possible or remote.  If the likelihood of 
required cleanup is probable and the cost can be reasonably estimated, a liability is recorded in the financial statements.  
If the likelihood of required cleanup is reasonably possible, the estimated cost of cleanup is disclosed in the notes to the 
financial statements.  If the likelihood of required cleanup is remote, no liability is recorded or estimate disclosed.

If site-specific engineering estimates for cleanup are not available, NASA employs parametric modeling software to 
estimate the total cost of cleaning up known contamination at these sites for current and future years.  The estimates 
calculated by the parametric models may be classified as probable or reasonably possible. 

Consistent with SFFAS No. 6, Accounting for Property, Plant, and Equipment, NASA estimates the anticipated envi-
ronmental	disposal	cleanup	costs	for	current	and	planned	capital	PP&E.		NASA	recognizes	and	records	in	its	financial	
statements	an	environmental	cleanup	liability	for	those	in-service	PP&E	with	a	probable	and	measurable	environmental	
cleanup liability of $100,000 or more.

Probable Environmental and Disposal Liabilities

In FY 2011, NASA recorded an additional $404 million dollars of environmental and disposal liabilities to reflect the 
estimated total cost of environmental cleanup on known hazardous conditions bringing the total to $1,445 million, which 
includes	anticipated	cleanup	at	disposal	for	Space	Shuttle	and	PP&E.		The	amount	recorded	in	FY	2010	was	$1,041	
million.  The majority of the increase is due to changes in individual project estimates and additional liabilities from 
disposal-related	cleanup	costs	for	PP&E.	
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NOTE 10.   ENVIRONMENTAL AND DISPOSAL LIABILITIES (continued)

The estimate for unfunded environmental liabilities could change in the future due to identification of additional contami-
nation, inflation, deflation, a change in technology or applicable laws and regulations as well as through ordinary liquida-
tion	of	these	liabilities	as	the	cleanup	program	continues	into	the	future.		Estimates	change	primarily	due	to	updated	
information being available on the extent of contamination and remediation efforts that would be required.  

Reasonably Possible Environmental and Disposal Liabilities

In addition to the probable cleanup costs for known hazardous conditions recognized in the financial statements, there 
are other potential remediation sites where the likelihood of required cleanup for known hazardous conditions is reason-
ably possible.  FY 2011 remediation costs at certain sites classified as reasonably possible were estimated to be $1 
million dollars.  In FY 2010, these remediation costs were estimated to be $116 million.

The costs necessary to cleanup Space Shuttle equipment for museum display are expected to be the responsibility of 
the institution displaying the equipment.  If NASA is required to incur those costs, NASA estimated $46 million of Space 
Shuttle disposal costs in FY 2010 and $28.8 million in FY 2011 (for the periods from FY 2013 through FY 2016) as rea-
sonably possible.  Consistent with NASA’s approach described above, this reasonably possible estimate is not recorded 
but is disclosed in the financial statements.

With respect to environmental remediation that NASA believes is reasonably possible but not estimable, NASA believes 
that either the likelihood of NASA liability is less than probable but more than remote or the regulatory drivers and/or 
technical data that exist are not reliable enough to calculate an estimate.

Other Information

The currently proposed decommissioning approach is to execute a controlled, targeted deorbit of the International 
Space Station (ISS) to a remote ocean location.  This is consistent with the approach used to deorbit other space vehi-
cles	such	as	Russian’s	Progress,	Europe’s	Automated	Transfer	Vehicle	(ATV)	and	Japan’s	H-II	Transfer	Vehicle	(HTV).		
The target reliability for this decommissioning approach is calculated at 99 percent. Based on past experience with the 
re-entry of satellites, larger portions or fragments of the ISS would be expected to survive the thermal and aerodynamic 
stresses of re-entry. The debris footprint associated with the deorbit of the ISS would be targeted for remote ocean 
regions. The disposal of satellites and vehicles into broad ocean areas with a controlled deorbit has left little evidence 
of their re-entry.  Any hazardous materials on board the ISS would be removed or jettisoned prior to the decommis-
sioning.  As a result, only residual quantities, if any, of hazardous, toxic, and radioactive materials would remain prior to 
the decommissioning. These would be expected to vaporize during the re-entry.  Any remaining contamination in the 
ISS debris field would not be expected to have a substantive impact on marine life.  Therefore, the probability of NASA 
incurring environmental cleanup costs related to the ISS is remote and, in accordance with SFFAS 5 & 6, no estimate for 
such costs has been developed or reported in these financial statements.

NASA maintains numerous structures and facilities, some of which are known to contain asbestos.  Current accounting 
pronouncements do not require the recording of a contingent liability resulting from future asbestos remediation efforts.  
NASA is in the process of developing an estimate consistent with FASAB guidance.
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2011

(In Millions of Dollars) Current Non Current Total
Intragovernmental Liabilities:

Advances From Others $ 80 $ — $ 80

Workers’ Compensation 6 7 13

Employer Contributions and Payroll Taxes 7 — 7

Liability for Deposit and Clearing Funds 6 — 6

Liability for Non-Entity Assets Not Reported on

the Statement of Custodial Activity 1 — 1

Other Accrued Liability 4 — 4

Total Intragovernmental 104 7 111

Unfunded Annual Leave — 215 215

Accrued Funded Payroll 44 — 44

Advances from Others 33 — 33

Employer Contributions and Payroll Taxes 4 — 4

Liability for Deposit and Clearing Funds 37 — 37

Other Accrued Liabilities 1,179 — 1,179

Total from the Public 1,297 215 1,512

Total Other Liabilities $ 1,401 $ 222 $ 1,623

2010

(In Millions of Dollars) Current Non-Current Total
Intragovernmental Liabilities:

Advances From Others $ 64 $ — $ 64

Workers’ Compensation 5 8 13

Employer Contributions and Payroll Taxes 25 — 25

Liability for Deposit and Clearing Funds — — —

Liability for Non-Entity Assets Not Reported on

the Statement of Custodial Activity — — —

Other Accrued Liability 6 — 6

Total Intragovernmental 100 8 108

Unfunded Annual Leave — 213 213

Accrued Funded Payroll 115 — 115

Advances from Others 35 — 35

Employer Contributions and Payroll Taxes 4 — 4

Liability for Deposit and Clearing Funds 28 — 28

Other Accrued Liabilities 1,252 — 1,252

Total from the Public 1,434 213 1,647

Total Other Liabilities $ 1,534 $ 221 $ 1,755

NOTE 11.   OTHER LIABILITIES

Other Liabilities are comprised of intragovernmental liabilities with other federal entities and liabilities with public enti-
ties.  Other Accrued Liabilities primarily consist of the accrual of contractor costs for goods and services.  The period of 
performance for contractor contracts typically spans the duration of NASA programs, which could be numerous years 
prior to final delivery of the product.  In such cases, NASA records a cost accrual throughout the fiscal year as the work 
is performed.  Other Liabilities also includes federal employee payroll and benefit liabilities, including unfunded annual 
leave and funded sick leave that has been earned but not taken, and salaries and wages that have been earned but are 
unpaid.
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NOTE 12.   CONTINGENT LIABILITIES 

NASA is a party in various administrative proceedings, court actions (including tort suits), and claims.  For cases man-
agement and legal counsel believe it is probable that the outcomes will result in a loss to NASA, liabilities are recorded.  
For September 30, 2011 and September 30, 2010, the amount of liability recorded was less than $1 million.  There were 
certain cases reviewed by legal counsel where the probable future loss is remote and as such no liability has been 
recorded in connection with these cases.

NASA is concluding the Constellation and Space Shuttle programs; as a result, certain contracts in support of these 
programs are nearing completion.  It is possible that additional liabilities and costs may result, including those to cover 
employee benefit plans.  In addition, certain other contracts may contain provisions regarding contingency obligations 
to fund accumulated unfunded employee benefit plans upon contract termination.
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(In Millions of Dollars) 2011 2010

Aeronautics Research

Intragovernmental Costs $ 60 $ 46

Public Cost 748 770

Total Aeronautics Research Costs 808 816

Less:

Intragovernmental Earned Revenue 101 103

Public Earned Revenue 18 16

Total Aeronautics Research Earned Revenue 119 119

Total Aeronautics Research Net Cost $ 689 $ 697

Exploration Systems

Intragovernmental Costs $ 228 $ 250

Public Cost 4,563 5,110

Total Exploration Systems Costs 4,791 5,360

Less:

Intragovernmental Earned Revenue 48 45

Public Earned Revenue 20 17

Total Exploration Systems Earned Revenue 68 62

Total Exploration Systems Net Cost $ 4,723 $ 5,298

Science

Intragovernmental Costs $ 400 $ 411

Public Cost 6,630 6,286

Total Science Costs 7,030 6,697

Less:

Intragovernmental Earned Revenue 985 623

Public Earned Revenue 34 26

Total Science Earned Revenue 1,019 649

Total Science Net Cost $ 6,011 $ 6,048

Space Operations

Intragovernmental Costs $ 401 $ 404

Public Cost 6,852 9,290

Total Space Operations Costs 7,253 9,694

Less:

Intragovernmental Earned Revenue (20) 369

Public Earned Revenue 78 60

Total Space Operations Earned Revenue 58 429

Total Space Operations Earned Net Cost $ 7,195 $ 9,265

Net Cost of Operations $ 18,618 $ 21,308

NOTE 13.   INTRAGOVERNMENTAL COST AND EXCHANGE REVENUE

Intragovernmental costs and revenue are exchange transactions made between NASA and other federal government 
entities.  Costs and revenue with the Public result from transactions between NASA and other non-federal entities. 
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(In Millions of Dollars) 2011 2010

Direct Obligations:

Category A $ 1 $ 1

Category B 18,601 19,412

Reimbursable Obligations:

Category B 2,037 1,481

Total Obligations Incurred $ 20,639 $ 20,894

(In Millions of Dollars)

Budgetary

Resources
Obligations

Distributed 

Offsetting 

Receipts 

Net

Outlays

Combined Statement of Budgetary Resources $ 21,509 $ 20,894 $ 8 $ 18,905

Included on SBR, not in the President’s Budget

Expired Accounts (154) (15) — —

Distributed Offsetting Receipts — -- (8) 8

Other 3 — — —

Budget of the United States Government $ 21,358 $ 20,879 $ — $ 18,913

NOTE 14.   APPORTIONMENT CATEGORIES OF OBLIGATIONS INCURRED:  
         DIRECT VS. REIMBURSABLE OBLIGATIONS

Category A consists of amounts requested to be apportioned for each calendar quarter in the fiscal year.  Category B 
consists of amounts requested to be apportioned on a basis other than calendar quarters, such as time periods other 
than quarters, activities, projects, objects, or a combination thereof.

NOTE 15.   EXPLANATION OF DIFFERENCES BETWEEN THE STATEMENT OF BUDGET-  
         ARY RESOURCES (SBR) AND THE BUDGET OF THE U.S. GOVERNMENT

The FY 2013 Budget of the United States Government (President’s Budget) presenting the actual amounts for the year 
ended September 30, 2011 has not been published as of the issue date of these financial statements.  The FY 2013 
President’s Budget is scheduled for publication in 2012.

NASA reconciled the amounts of the FY 2010 column on the Statement of Budgetary Resources (SBR) to the actual 
amounts for FY 2010 in the FY 2012 President’s Budget for budgetary resources, obligations incurred, distributed offset-
ting receipts and net outlays as presented below.

The difference between the SBR and the President’s Budget represents expired, distributed offsetting receipts reported 
on the SBR but not in the President’s Budget and other is primarily rounding.
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(In Millions of Dollars) 2011 2010

Resources Used to Finance Activities 

Budgetary Resources Obligated

Obligation Incurred $ 20,639 $ 20,894

Less: Spending Authority from Offsetting Collections and Recoveries 2,288 1,557

Obligations Net of Offsetting Collections and Recoveries 18,351 19,337

Less: Offsetting Receipts 4 —

Net Obligations 18,347 19,337

Other Resources

Donations & Forfeitures of Property 15 12

Transfers In/Out Without Reimbursements 676 (2)

Imputed Financing from Costs Absorbed by Others 193 164

Net Other Resources Used to Finance Activities 884 174

Total Resources Used to Finance Activities 19,231 19,511

Resources Used to Finance Items Not Part of the Net Cost of Operations

Change in Budgetary Resources Obligated for Goods, Services, and (823) (245)

Benefits Ordered But Not Yet Provided

Resources that Fund Expenses Recognized in Prior Periods (4) (29)

Budgetary Offsetting Collections and Receipts that Do Not Affect the Net

Costs of Operations—Other 5 —

Resources that Finance the Acquisition of Assets (2,317) (2,172)

Other Resources or Adjustments to Net Obligated Resources that Do Not (690) (10)

Affect Net Cost of Operations

Total Resources Used to Finance Items Not Part of the Net Cost of Operations (3,829) (2,456)

Total Resources Used to Finance the Net Cost of Operations $ 15,402 $ 17,055

NOTE 16. UNDELIVERED ORDERS AT THE END OF THE PERIOD

Undelivered Orders at the end of the period totaled $6.8 billion and $5.9 billion as of September 30, 2011 and September 
30, 2010, respectively. 

NOTE 17. RECONCILIATION OF NET COST TO BUDGET 

SFFAS No.7, Accounting for Revenues and Other Financing Concepts for Reconciling Budgetary and Financial Account-
ing, requires a reconciliation of proprietary and budgetary accounting information. Accrual-based measures used in the 
Statement of Net Cost differ from the obligation-based measures used in the Statement of Budgetary Resources.
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NOTE 17. RECONCILIATION OF NET COST TO BUDGET (continued)

(In Millions of Dollars) 2011 2010

Components of Net Cost that Will Not Require or Generate Resources

 in the Current Period

Components Requiring or Generating Resources in Future Periods

Increases in Annual Leave Liability $ 2 $ 5

Increases in Environmental and Disposal Liability 404 119

Other 4 10

Total Components of Net Cost that Will Require or Generate Resources in Future Periods 410 134

Components Not Requiring or Generating Resources

Depreciation 715 1,444

Revaluation of Assets or Liabilities (1) 10

Other 2,092 2,665

Total Components of Net Cost of Operations that Will Not Require 2,806 4,119

or Generate Resources

Total Components of Net Cost of Operations that Will Not Require 3,216 4,253

or Generate Resources in the Current Period

Net Cost of Operations $ 18,618 $ 21,308
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NOTE 18. OTHER INFORMATION

NASA does not maintain inventory stock for resale. NASA follows the purchases method of accounting for operating 
materials and supplies. The consumption method is not cost beneficial and does not provide the best presentation of 
NASA’s R&D operations. The purchases method provides that operating materials and supplies be expensed when 
purchased. Prior to FY 2010, amounts displayed as operating materials and supplies were accounted for under the 
consumption method. In FY 2010, NASA adopted a change in accounting principle and implemented the purchases 
method	of	accounting.	SFFAS	No.	21,	Reporting	Corrections	of	Errors	and	Changes	in	Accounting	Principles,	states	that	
the cumulative effect of the change on prior periods should be reported as a change in accounting principle. Accord-
ingly, NASA adjusted the beginning balance of the cumulative results of operations in the Statement of Changes in Net 
Position by $3,019 million.

National Aeronautics and Space Administration
Notes to Financial Statements 
For the Fiscal Years 2011 (audited) and 2010 (audited)
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NASA’s	programs	and	activities	are	carried	out	through	four	R&D/Other	initiatives:	Aeronautics	Research,	Exploration	
Systems,	 Science	 and	Space	Operations.	 	 Each	R&D/Other	 initiative	 costs	 are	 presented	 by	 the	 applicable	NASA	
themes, which are described in the note.  To provide a complete analysis of NASA cost, both R&D and non-R&D costs 
are	presented.		Non	R&D	costs	are	associated	with	NASA	activities	such	as	Education	and	Outreach,	Space	Operations	
Programs.  Descriptions for the work associated with these costs are also presented.

The FY 2011 RSSI has been revised to provide a Basic, Applied and Development breakout of the Agency’s research 
and development costs. In order to provide the additional levels of detail, NASA enhanced its evaluation process. In 
prior fiscal years NASA evaluated its costs at the Initiative level to determine R&D versus non-R&D cost. For FY 2011, 
the Agency re-evaluated its costs at the project level which resulted in a reclassification to the previously published RSSI 
subtotals. It was appropriate to revise the RSSI to improve the overall accuracy of the information reported at September 
30, 2011. As a result of this enhanced process, some costs previously classified as R&D have been reclassified as non-
R&D. The total costs incurred did not change.
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(In Millions of Dollars) 2011 2010 2009 2008 2007

Research and Development Costs

Basic

Aeronautics:

Aeronautics Indirect Cost* $ 1 $ 1 $ — $ — $ —

Subtotal $ 1 $ 1 $ — $ — $ —

Exploration Systems:

Human Exploration Capacity $ — $ — $ — $ — $ 35

Exploration Research and Development — — 18 29 —

Exploration Indirect Cost* 5 5 1 1 1

Subtotal $ 5 $ 5 $ 19 $ 30 $ 36

Science

Earth Science $ 304 $ 306 $ 325 $ 294 $ 258

Planetary Science 264 257 266 238 201

Astrophysics 198 194 149 103 90

Heliophysics 85 85 62 51 39

Science Indirect Cost* 7 7 17 46 49

Subtotal $ 858 $ 849 $ 819 $ 732 $ 637

Space Operations

International Space Station $ 258 $ 363 $ — $ — $ —

Space and Flight Support 1 — — — —

Space Operation Indirect Cost* 8 9 3 2 2

Subtotal $ 267 $ 372 $ 3 $ 2 $ 2

Total Basic Expenses $ 1,131 $ 1,227 $ 841 $ 764 $ 675

Research and Development and Other Initiative Costs by Theme
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(In Millions of Dollars) 2011 2010 2009 2008 2007

Applied

Aeronautics:

Aeronautics Research $ 429 $ 464 $ 465 $ 472 $ 376

Aeronautics Indirect Cost* 4 3 3 3 5

Subtotal $ 433 $ 467 $ 468 $ 475 $ 381

Exploration Systems

Exploration Research and Development $ 124 $ 152 $ 169 $ 159 $ 107

Exploration Indirect Cost* 28 26 21 17 17

Subtotal $ 152 $ 178 $ 190 $ 176 $ 124

Science

Earth Science $ 38 $ 41 $ 40 $ 39 $ 23

Science Indirect Cost* 36 31 26 24 26

Subtotal $ 74 $ 72 $ 66 $ 63 $ 49

Space Operations

International Space Station $ 1,260 $ 1,773 $ — $ — $ —

Space and Flight Support 5 — — — —

Space Operation Indirect Cost* 40 42 34 29 30

Subtotal $ 1,305 $ 1,815 $ 34 $ 29 $ 30

Total Applied Expenses $ 1,964 $ 2,532 $ 758 $ 743 $ 584

Development

Aeronautics:

Aeronautics Indirect Cost* $ 1 $ 2 $ 1 $ — $ 1

Subtotal $ 1 $ 2 $ 1 $ — $ 1

Exploration Systems:

Human Exploration Capacity $ 2,431 $ 3,197 $ 1,478 $ 1,468 $ 743

Exploration Research and Development 185 227 253 239 161

Commercial Space Flight — — 122 — —

Exploration Indirect Cost* 11 11 5 5 4

Subtotal $ 2,627 $ 3,435 $ 1,858 $ 1,712 $ 908

Science

Earth Science $ 665 $ 536 $ 420 $ 307 $ 212

Planetary Science 738 704 627 643 491

Astrophysics 406 480 552 72 61

Heliophysics 288 284 207 151 133

Science Indirect Cost* 14 13 118 598 525

Subtotal $ 2,111 $ 2,017 $ 1,924 $ 1,771 $ 1,422

Space Operations

Space and Flight Support $ 4 $ — $ — $ — $ —

Space Operation Indirect Cost* 16 18 8 7 8

Subtotal $ 20 $ 18 $ 8 $ 7 $ 8

Total Development Expenses $ 4,759 $ 5,472 $ 3,791 $ 3,490 $ 2,339

Total Research and Development $ 7,854 $ 9,231 $ 5,390 $ 4,997 $ 3,598

Research and Development and Other Initiative Costs by Theme (continued)
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(In Millions of Dollars) 2011 2010 2009 2008 2007

Non-Research and Development Cost

Aeronautics:

Aeronautics Research $ 110 $ 83 $ 144 $ 150 $ 170

Aeronautics Indirect Cost* 263 263 215 154 148

Subtotal $ 373 $ 346 $ 359 $ 304 $ 318

Exploration Systems:

Human Exploration Capacity $ 239 $ 184 $ 1,672 $ 1,624 $ 989

Exploration Research and Development 76 101 151 260 430

Commercial Space Flight 423 98 — — —

Exploration Other — 10 4 22 160

Exploration Indirect Cost* 1,269 1,349 1,259 987 570

Subtotal $ 2,007 $ 1,742 $ 3,086 $ 2,893 $ 2,149

Science

Earth Science $ 543 $ 677 $ 800 $ 1,083 $ 1,073

Planetary Science 432 374 429 512 665

Astrophysics 385 414 299 188 226

Heliophysics 223 231 283 419 309

Science Other 4 17 88 243 246

Science Indirect Cost* 2,400 2,046 1,898 1,381 879

Subtotal $ 3,987 $ 3,759 $ 3,797 $ 3,826 $ 3,398

Space Operations

Space Shuttle $ 1,774 $ 3,215 $ 3,277 $ 3,394 $ 3,445

International Space Station 1,805 786 2,148 1,582 1,397

Space and Flight Support 708 825 804 687 534

Space Operation Indirect Cost* 1,374 2,663 4,796 1,748 1,027

Subtotal $ 5,661 $ 7,489 $ 11,025 $ 7,411 $ 6,403

Total Non-Research and Development Expenses $ 12,028 $ 13,336 $ 18,267 $ 14,434 $ 12,268

Total Expenses $ 19,882 $ 22,567 $ 23,657 $ 19,431 $ 15,866

*Indirect Costs represents R&D and Non R&D costs incurred by the Agency for various activities that support the 
Agency’s Research and Development and Other Initiatives.  These activities relate to the areas of Construction and 
Environmental	Compliance	and	Restoration;	Education;	Institutional	Investments;	Congressionally	Directed	items;	Man-
agement and Operations; and the Office of Inspector General.

Non-Research and Development and Other Initiative Costs by Theme
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STEWARDSHIP INVESTMENTS:  Research and Development and Other Initiatives (continued)

NASA makes substantial research and development investments for the benefit of the nation.  These amounts are 
expensed as incurred in determining the net cost of operations.

NASA’s	Research	and	Development	and	Other	Initiatives	programs	include	activities	to	extend	our	knowledge	of	Earth,	
its space environment, and the universe, and to invest in new aeronautics and advanced space transportation technolo-
gies that support the development and application of technologies critical to the economic, scientific, and technical 
competitiveness of the United States.

NASA defines research as systematic study towards fuller scientific knowledge or understanding of the subject matter 
studied.  Investment in Research and Development and Other Initiatives refers to those expenses incurred to support 
the search for new or refined knowledge and ideas, and for the application or use of such knowledge and ideas for the 
development of new or improved products and processes with the expectation of maintaining or increasing national 
economic productive capacity or yielding other future benefits.

In turn, there are two types of research: basic and applied.  Basic research is directed at the fundamental aspects of 
phenomena and observable facts without specific application toward processes or products in mind.  Applied research 
gaining knowledge or understanding necessary to determine the means by which a recognized and specific need may 
be met.  Additionally, development is defined.  It is the systematic application of knowledge or understanding, directed 
towards the production of useful materials, devices, and systems or methods, including design, development, and 
improvement of prototypes and new processes to meet specific requirements.

Research and Development and Other Initiatives: Theme

Descriptions

INITIATIVE: AERONAUTICS RESEARCH

Theme: Aeronautics Technology (AT)

The Aeronautics Technology theme develops technologies to improve aircraft and air system safety, security and per-
formance; reduce aircraft noise and emissions; and increase the capacity of the National Airspace System (NAS).  
Programs include Aviation Safety, Airspace Systems Program, Fundamental Aeronautics, Aeronautics Test Program, 
and Integrated Systems Research.

INITIATIVE: EXPLORATION SYSTEMS

Theme: Human Exploration Capability

The	Human	Exploration	Capability	(HEC)	Theme	will	develop	the	launch	and	space	flight	vehicles	that	will	provide	the	
initial	capability	for	crewed	exploration	missions	beyond	Low	Earth	Orbit	(LEO).		Programs	include	Multi-Purpose	Crew	
Vehicle and Space Launch System.

Theme: Exploration Research and Development

The	Exploration	Research	 and	Development	 (ERD)	 Theme’s	 technology	development	 efforts	 can	 contribute	 toward	
advances	in	U.S.	high	technology	products	and	services.		Programs	include	Human	Research	Program	and	Exploration	
Technology Development.
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Theme: Commercial Spaceflight

The Commercial Spaceflight Theme creates incentives for commercial providers to develop and operate safe, reliable, 
and	affordable	commercial	systems	to	transport	crew	and	cargo	to	and	from	the	ISS	and	LEO.		This	approach	will	pro-
vide assured access to the ISS, strengthen America’s space industry, and provide a catalyst for future business ventures 
to capitalize on affordable access to space.  Programs include Commercial Cargo and Commercial Crew.

INITIATIVE: SCIENCE

Theme: Earth Science

The	Earth	Science	Theme	studies	this	dynamic	Earth	system	to	trace	effect	to	cause,	connect	variability	and	forcing	
with response, and vastly improve national capabilities to predict climate, weather, natural hazards, and conditions in 
the	space	environment.		Programs	include	Earth	Science	Research,	Earth	Systematic	Missions,	Earth	System	Science	
Pathfinder,	Earth	Science	Multi-Mission	Operations,	Earth	Science	Technology,	and	Applied	Sciences.

Theme: Planetary Science

The Planetary Science Theme advances scientific knowledge of the origin and history of the solar system, including 
the	history	of	life	and	whether	it	evolved	beyond	Earth.		Programs	include	Planetary	Science	Research,	Lunar	Quest	
Program,	Discovery,	New	Frontiers,	Mars	Exploration,	Outer	Planets,	and	Technology.

Theme: Astrophysics

The Astrophysics Theme seeks to understand the cycles of matter and energy that formed, evolve, and govern the 
universe, and how they created the unique conditions that support life.  Where are we from?  Are we alone?  NASA 
searches for answers to these questions looking far away, towards the beginning of time, to see galaxies forming, and 
close	to	home,	in	search	of	planetary	systems	like	Earth	around	nearby	stars.		Programs	include	Astrophysics	Research,	
Cosmic	Origins,	 James	Webb	Space	 Telescope,	 Physics	 of	 the	Cosmos,	 Exoplanet	 Exploration,	 and	Astrophysics	
Explorer.

Theme: Heliophysics

The Heliophysics Theme studies the science of the Sun-Solar System Connection to: (1) understand the Sun and its 
effects	on	Earth,	the	solar	system,	and	the	space	environmental	conditions	that	will	be	experienced	by	explorers,	and	
(2) demonstrate technologies that can improve future operational systems.  Programs include Heliophysics Research, 
Living	with	a	Star,	Solar	Terrestrial	Probes,	Heliophysics	Explorer,	and	New	Millennium.

INITIATIVE: SPACE OPERATIONS

Theme: Space Shuttle

Thirty-eight years ago, NASA was charged with developing the world’s first reusable space transportation system, a 
powerful	vehicle	with	the	versatility	to	revolutionize	how	people	access	and	operate	in	near-Earth	space.		In	FY	2011,	
the Space Shuttle retired, marking the end of its chapter in the history of space exploration.  The final flights of the 
Space Shuttle were dedicated to completing assembly of the International Space Station (ISS), delivering and installing 
the Alpha Magnetic Spectrometer (AMS) to the ISS, and prepositioning equipment so that the ISS can achieve its full 
research potential.
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Theme: International Space Station

The	International	Space	Station	Theme	supports	the	construction	and	operations	of	a	research	facility	in	low	Earth	orbit.		
The ISS provides a multi-disciplinary, cutting edge, unique research platform to pursue microgravity and engineering 
research and technology-development test bed applications.  The ISS is a critical step in developing, testing, and 
validating	the	next	generation	of	space	technologies	and	operational	processes	needed	to	explore	beyond	low	Earth	
orbit.  In 2011, NASA completed assembly of the ISS and signed a Cooperative Agreement with the Center for the 
Advancement of Science in Space (CASIS) to serve as an independent, nonprofit research management organization to 
develop and manage the U.S. portion of the ISS to be operated as a National Laboratory.  CASIS will be a single point 
of contact for U.S. (non-NASA) researchers and will be responsible for developing and managing a diversified research 
and development portfolio and maximizing the value of the ISS by stimulating its use as a National Laboratory.

Theme: Space and Flight Support

The Space and Flight Support Theme encompasses the 21st Century Launch Complex, Space Communications and 
Navigation, Human Space Flight Operations, Launch Services, Rocket Propulsion Testing, and the Space Technology 
Program.  The Space Technology Program will advance multi-purpose technology, in some cases to flight-ready status.  
The Space Technology Program will complement the mission-focused technology development activities in NASA’s 
Mission Directorates, delivering solutions to NASA’s needs for new technologies in support of future NASA missions 
in science and exploration, as well as the needs of other government agencies and the Nation’s space industry.  The 
Space Technology Program will enable new approaches to NASA’s current mission set and allow NASA to pursue 
entirely new missions.

The Space Technology Program will advance technology that transforms the Nation’s capabilities for exploring and 
utilizing space.  The program will support a balanced portfolio that includes near-term mission-focused technology 
investments and longer-range transformational technology investments that deliver revolutionary capabilities to meet 
NASA’s goals.  The Space Technology Program will mature the technologies required for the Agency’s future missions 
in science and exploration through experimentation, tests and demonstrations; while proving new innovations that have 
the potential to lower the cost of space activities conducted by other government agencies and the commercial sector.
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National Aeronautics and Space Administration
Required Supplementary Information
For the Fiscal Years 2011 (audited) and 2010 (audited)

DEFERRED MAINTENANCE

NASA uses a Deferred Maintenance parametric estimating method (DM method) in order to conduct a consistent 
condition assessment of its facilities, buildings, and other structures (including heritage assets). This method measures 
NASA’s current real property asset condition and documents real property deterioration. The DM method produces 
both a cost estimate of deferred maintenance, and a Facility Condition Index (FCI). Both measures are indicators of the 
overall condition of NASA’s facilities.  The facilities condition assessment methodology involves an independent, rapid 
visual assessment of nine different systems within each facility to include: structure, roof, exterior, interior finishes, HVAC, 
electrical, plumbing, conveyance, and program support equipment. The DM method is designed for application to a 
large population of facilities; results are not necessarily applicable for individual facilities or small populations of facilities. 
Under this methodology, NASA defines acceptable operating conditions in accordance with standards comparable to 
those used in private industry, and the aerospace industry.

There has been no significant change in our deferred maintenance estimate this year. The Agency-wide FCI, based 
on the ratings obtained during the condition assessment site visits, remains unchanged from the previous fiscal year. 
The FCI values for the majority of individual Centers and sites varied less than 0.5, validating the relative stability of the 
Centers	and	sites	despite	the	continued	aging	and	deterioration	of	older	facilities.	Evaluation	of	the	facility	conditions	
by building type (Real Property Classification Code/DM Category) indicates that the Agency continues to focus main-
tenance and repair on direct mission-related facilities. Higher condition ratings are reported for potable water facilities, 
launch, communication and tracking, and fuel facilities Agency-wide. Lower condition ratings occur for infrastructure, 
site related systems, and static test stands.

Deferred Maintenance Method 2011 2010

Facility Condition Index (FCI) 3.7 3.6

Target Facility Index 3.8 3.8

Deferred Maintenance Estimate

(Active and Inactive Dollars) $ 2,472 $ 2,553

(In Millions of Dollars)
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Management’s Response to Independent Auditors Report

I am pleased to accept your audit report on the Consolidated Financial Statements of the National Aeronau-
tics and Space Administration (NASA) for FY 2011 and FY 2010. The Agency’s efforts and achievements 
toward improved financial management are clearly reflected in the audit opinion. For the first time since 
2002, NASA has received an unqualified opinion on its financial statements. The Agency continues to have 
no material weaknesses for the second consecutive year. Further, we are able to report that NASA continues 
to be substantially in compliance with the Federal Financial Management Improvement Act.  

I am particularly gratified to note the resolution of the prior year significant deficiency in internal control 
related to legacy property, plant, and equipment. The resolution of this matter is a direct result of the commit-
ment and efforts of the entire Agency. We are proud of the progress that NASA has made toward excellence 
in financial management. 

I appreciate the efforts and leadership of NASA’s Office of the Inspector General (OIG) and of the auditors 
under contract to the OIG to audit NASA’s financial statements. Please convey my appreciation and thanks 
to your team for the professionalism and cooperation exhibited during this audit.

Terry Bowie

Office of the Chief Financial Officer

TO:  Inspector General

FROM:  Deputy Chief Financial Officer

SUBJECT: Management Response to Audit Report of Independent Auditors

November 15, 2011

Reply to Attn of:
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Background
The Inspector General Act Amendments of 1988 (P.L. 100-504), require that each agency head submit semi-annual 
reports to Congress on the actions taken in response to Office of Inspector General (OIG) audit, evaluation, and inspec-
tion reports. Consistent with the Reports Consolidation Act of 2000 (P.L. 106-531), the National Aeronautics and Space 
Administration (NASA) consolidates and annualizes the required semi-annual Inspector General Act Amendments 
reporting elements for inclusion in the annual Performance and Accountability Report (PAR).  

Required agency reporting under the 1988 amendments consists of:

1. Disclosure of OIG reports containing findings with monetary benefits (i.e., disallowed costs and funds put to better 
use):

•	 for which management decisions were made during the reporting period (FY 2011);

•	 for which final management decisions have been made, but final management action is pending;

•	 for which final management action was taken during the reporting period, and;

•	 for which no final management action was taken during the reporting period.

2. Disclosure of OIG audit reports issued in prior fiscal years (pre-FY 2010) for which final management action is pend-
ing, but not yet completed.

In addition to above statutory requirements, the Office of Management and Budget (OMB) has issued specific action 
requirements to federal agencies in their Circular No. A-50, “Audit Follow-up.” These requirements include among other 
things that federal agencies ensure that final management decisions on audit recommendations are reached within 
six months after an OIG audit report is issued and that related corrective action associated with the final management 
decision begin as soon as possible.  

The following definitions are provided to enhance the readability of NASA’s FY 2011 Inspector General Act Amendments 
Report:

 Final Management Decision is reached when management evaluates the OIG’s findings and recommendations 
and determines whether or not to implement a proposed recommendation. 

 Final Management Action is the point in time when corrective action, taken by management in conjunction with 
a final management decision, is completed. 

Corrective Action consists of remediation efforts on the part of management which are intended to mitigate an audit 
finding. 

 Questioned Costs are those identified by the OIG as being potentially unallowable or unallocable because of: (a) 
an alleged violation of a provision of a law, regulation, contract, grant, cooperative agreement, or other agreement or 
document governing the expenditure of funds; (b) a finding that, at the time of the audit, such cost is not supported 
by adequate documentation; or (c) finding that the expenditure of funds for the intended purpose is unnecessary or 
unreasonable.

FY 2011 Inspector General Act  
Amendments Report
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 Disallowed Costs are questioned costs that management has sustained or agreed should not be charged to the 
Government.

 Funds Put to Better Use (FPTBU) are funds that could be used more efficiently if management implemented an 
audit recommendation. Efficiencies may result from: (a) reductions in outlays; (b) de-obligation of funds, or (c) costs 
not incurred by implementing recommended improvements related to operations of the agency, a contractor, or a 
grantee.

NASA’s Audit Follow-up Program
NASA is committed to ensuring timely and responsive final management decisions along with timely and complete 
final management action on audit recommendations issued by the NASA OIG. NASA management believes that audit 
follow-up is essential to improving the efficiency and effectiveness of NASA’s programs, projects, and operations. In this 
regard, NASA has implemented a comprehensive program of audit liaison, resolution, and follow-up intended to ensure 
that audit recommendations issued by the OIG are resolved and implemented in a timely, responsive, and effective 
manner. 

NASA has designated the Office of Internal Controls and Management Systems (OICMS) as the Agency’s office of 
primary responsibility for policy formulation, oversight, and functional leadership of NASA’s audit liaison, resolution and 
follow-up program. OICMS implements program activities through an Agency-wide network of Audit Liaison Represen-
tatives (ALRs), who, in turn, are responsible for executing program activities at the operating level. This network of ALRs, 
in conjunction with OICMS oversight, provides the organizational structure to support NASA’s audit liaison, resolution, 
and follow-up program. Program activities are tracked, monitored and reported through the utilization of NASA’s Audit 
and Assurance Information Reporting System (AAIRS). AAIRS is a web-based tracking and reporting tool utilized by 
OICMS and NASA ALRs to monitor key activities and milestones associated with audits performed by the OIG.  

In accordance with requirements delineated in OMB Circular A-50, OICMS monitors audit recommendations issued by 
the OIG to ensure that a final management decision is reached within six months of the issuance of a final audit report.  
A final management decision consists of either agreeing to implement an OIG recommendation; agreeing to implement 
a portion of an OIG recommendation, or; declining to implement an OIG recommendation. In those instances where 
agreement between the OIG and NASA management cannot be reached, a final management decision will be sought 
from NASA’s Audit Follow-up Official (AFO) within six months of the issuance of a final audit report.  

Once a final management decision has been made to either implement or partially implement an OIG audit recommen-
dation, corrective action on the part of management is pursued as rapidly as possible, in accordance with provisions 
of OMB Circular A-50. On occasion, the corrective action associated with a final management decision spans multiple 
fiscal years.  This may be due to the complexity of the planned corrective action (which often times consists of the 
design, implementation, and testing of related systems or sub-systems); or the development, concurrence and review 
process associated with the issuance of NASA policy and/or procedural requirements. NASA management continues 
to aggressively pursue the implementation of agreed-upon corrective action relating to audit recommendations issued 
by the OIG. 

The Inspector General Act Amendments of 1988 require that heads of federal agencies report on actions taken, or 
remaining to be taken, in response to OIG audit reports containing monetary findings. The amendments also require 
that management disclose those OIG audit reports for which a final management decision had been made in a prior 
reporting period, but where final management action is still pending.  In addition to the statutory reporting requirements 
delineated in the Inspector General Act Amendments of 1988, OMB Circular A-50, requires that final management deci-
sions on OIG audit recommendations be made within six months of the issuance of a final audit report. NASA’s reporting 
in conjunction with the requirements of the Inspector General Act Amendments of 1988 and OMB Circular A-50 follows:
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FY 2011 Audit Follow-up Results

1. OIG Audit Reports with Monetary Findings
During FY 2011, the OIG issued six audit reports containing monetary findings with questioned costs (potentially disal-
lowed costs) totaling $7,516,615 and “funds to be put to better use” in the amount of $107,100,000. Of the $7,516,615 in 
OIG questioned costs, NASA sustained $371,6121 as disallowed costs. Remaining questioned costs in the amount of 
$7,145,003 are pending final management action at September 30, 2011.  

Of the $107,100,000 in OIG identified “funds to be put to better use,” NASA has implemented $1,858,0592 with 
$93,800,000 of OIG identified “funds to be put to better use” still pending final management action as of September 
30, 2011.  

There were no prior year OIG reports with monetary findings requiring final management action at the beginning of 
FY 2011 (see Table 1).

Table 1: Summary of the Disallowed Costs and Funds to Be Put to Better Use
(For the Year Ended September 30, 2011)

Category 
Disallowed Costs Funds to be Put to Better Use

Number of 
Reports Dollars

Number of
 Reports Dollars

1. Reports pending final management action at the beginning of 
the reporting period 0 $0 0 $0

2. Plus: Reports pending management decisions during the 
reporting period 4 $7,516,615 3 $107,100,000

3. Total reports pending final action during the reporting period 
(1+2) 4 $7,516,615 3 $107,100,000

4. Reports on which final action was taken during the reporting 
period 1 $372,557 1 $1,858,059

5. Audit reports pending final action at the end of the reporting 
period 3 $4,816,615 2 $93,800,000

2. Prior-Year OIG Reports Pending Completion of Final Management Action
As of September 30, 2011, there were 15 OIG audit reports issued in prior fiscal years containing a total of 33 recom-
mendations on which a final management decision had been made, but final management action was still pending (see 
Table 2). 

The nature of the final management action associated with the 33 open and outstanding audit recommendations can be 
broken down into three broad categories, namely: (1) Internal Monitoring/Program Review for Compliance; (2) Develop-
ment/Revision of Policy, and; (3) System Enhancements/Updates.

By way of comparison, for the fiscal year ended September 30, 2010, there were 12 OIG audit reports containing 34 
recommendations on which final management decisions were made in prior years, but final management action was still 
pending. For the five year period ended September 30, 2011, the number of OIG audit recommendations pending final 
management action one year or more after issuance of a final audit report ranged between 33 and 52.

1. NASA’s Grant Administration and Management (IG-11-026).

2. Ibid.
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Table 2: Summary of OIG Audit Reports Pending Final Management
One Year or More After Issuance of a Final Report

(As of September 30, 2011)

Report Number

Report Title

No. of Recommendations

Report Date Open Closed Total

IG-05-016
(5/12/2005)

NASA’s Vulnerability Assessment Program
1 3 4

IG-07-014
(6/19/2007)

Controls Over the Detection, Response and Reporting of Network Security Incidents 
Needed Improvement at 4 NASA Centers Reviewed 1 7 8

IG-08-025
(9/19/2008)

Kennedy Space Center’s Security Program Needed Improvement
4 4 8

IG-09-003
(11/13/2008)

Review of NASA Stolen Property at GSFC and MSFC
1 4 5

IG-09-015
(4/27/2009)

NASA’s Process for Providing Personal Identity Verification (PIV) Cards Were Not 
Completely Effective in Meeting Federal Requirements 2 4 6

IG-09-017
(7/28/2009)

Review of the Space Flight Awareness Honoree Launch Conference Event
1 0 1

IG-10-011
(3/29/2010)

Final Report on the Review of the Constellation Program’s Request to Discontinue 
Using the Metric System of Measurement 2 1 3

IG-10-013
(5/13/2010)

Review of the Information Technology Security of the Internet Protocol Operational 
Network (IONet) 2 0 2

IG-10-015
(6/18/2010)

Review of NASA’s Microgravity Flight Services
1 2 3

IG-10-016
(7/6/2010)

NASA’s Astronaut Corps: Status of Corrective Actions Related to Health Care Activi-
ties 1 1 2

IG-10-018
(8/5/2010)

Audit of Cybersecurity Oversight of NASA’s Enterprise Document Management Sys-
tem 10 5 15

IG-10-021
(8/23/2010)

Review of the Fleet Management Program at the Jet Propulsion Laboratory
1 2 3

IG-10-019
(9/14/2010)

Information Technology Security: Improvements Needed in NASA’s Continuous Moni-
toring Processes 2 0 2

IG-10-024
(9/16/2010)

Review of NASA’s Management and Oversight of Its Information Technology Security 
Program 3 0 3

IG-10-023
(9/21/2010)

Review of NASA’s Tracking and Data Relay Satellite System
1 3 4

15 Totals 33 36 69

3. Final Management Decisions Not Made Within Six Months of  
a Report Date
During FY 2011, the OIG issued 27 reports containing 102 recommendations addressed to NASA which required a final 
management decision within six months of the respective final report dates. For the fiscal year ended September 30, 
2011, NASA reported no outstanding final management decisions pending more than six months after the issuance of 
a final OIG audit report. For comparative purposes, for the fiscal year ended September 30, 2010, NASA reported no 
outstanding final management decisions pending more than six months after the issuance of a final OIG audit report.  
Furthermore, for the five-year period ended September 30, 2011, no final management decision on any OIG audit rec-
ommendation was made more than six months after issuance of a final OIG audit report.  
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4. Audit Recommendation Closure Efficiency
During FY 2011, 72 OIG-issued audit recommendations, including 41 recommendations issued in prior fiscal years, were 
closed based on responsive final management action. Of the 72 recommendations closed in FY 2011, 43 percent (31) 
were closed within one year of the issuance of the associated audit report, while 83 percent (60) were closed within two 
years of the issuance of the associated audit report.  

In FY 2010, 41 percent (31) of OIG audit recommendations were closed with one year of the issuance of the associated 
audit report, and ninety percent (68) were closed within two years of the issuance of the associated audit report. For 
the five year period ended September 30, 2011, an average of 47 percent of OIG-issued audit recommendations were 
closed within one year of the final issuance of the associated audit report, while an average of 83 percent of OIG-issued 
audit recommendations were closed within two years of the issuance of the associated audit report (see Table 3).

Table 3: Closure Efficiency: OIG Recommendations
Fiscal Years 2007-2011

(As of September 30, 2011) 

FY 2007 FY 2008 FY 2009 FY 2010 FY 2011

Closed < 1 year after report 60% 40% 52% 41% 43%

Closed > 1 < 2 years after report 23% 35% 34% 49% 40%

Closed > 2 years after report 17% 25% 14% 10% 17%

As previously noted, NASA’s completion of corrective action in response to OIG audit recommendations is contingent 
upon a variety of factors including the complexity of the planned corrective actions and available resources. Despite 
these constraints, NASA management is committed to the improvement of Agency activities as identified by the OIG in 
their audit reports and associated recommendations. 

43% 40% 17%

41% 49% 10%

52% 34% 14%

40% 35% 25%

60% 23% 17%

FY 2011

FY 2010

FY 2009

FY 2008

FY 2007

0% 10% 20% 30% 40% 50% 60% 90%80%70% 100%
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Improper Payments Information Act (IPIA) 
Assessment

The National Aeronautics and Space Administration (NASA) is dedicated to reducing fraud, waste, and abuse by ade-
quately reviewing and reporting programs susceptible to improper payments in accordance with the Office of Manage-
ment and Budget (OMB) Circular A-123 Management’s Responsibility for Internal Control, Appendix C, Requirements 
for Effective Measurement and Remediation of Improper Payments. To improve the integrity of the Federal government’s 
payments and the efficiency of its programs and activities, Congress enacted the Improper Payments Information Act 
(IPIA) of 2002 (Public Law 107-300). The IPIA contains requirements in the areas of improper payment identification and 
reporting. It requires agency heads to annually review all programs and activities, identify those that may be susceptible 
to significant improper payments, estimate annual improper payments in susceptible programs and activities, and 
report the results of their improper payment activities.

On July 22, 2010, the President signed into law the Improper Payments Elimination and Recovery Act (IPERA; P.L. 111-
204). IPERA amended the IPIA and generally repealed the Recovery Auditing Act (Section 831, Defense Authorization 
Act, for FY 2002; P.L. 107-107). Subsequently, OMB issued Memorandum M-11-16 modifying Circular A-123 Appendix 
C, Part I and Part II (which was issued in August 2006 as OMB Memorandum M-06-23).  OMB Memorandum M-11-16 
requires each Executive branch agency to:

•	 Review	all	of	its	programs	and	activities	to	identify	those	susceptible	to	significant	improper	payments.	OMB	defines	
significant improper payments as gross annual improper payments (i.e., the total amount of overpayments plus 
underpayments) in the program exceeding (1) both 2.5 percent of program outlays and $10,000,000 of all program 
or activity payments made during the fiscal year reported or (2) $100,000,000 (regardless of the improper payment 
percentage of total program outlays).

•	 Obtain	a	statistically	valid	estimate	of	the	annual	amount	of	improper	payments	in	programs	and	activities	for	those	
programs that are identified as susceptible to significant improper payments.

•	 Implement	a	plan	to	reduce	improper	payments.

•	 Report	estimates	of	the	annual	amount	of	improper	payments	in	programs	and	activities	and	progress	in	reducing	
them.

The IPIA defines an improper payment as any payment that should not have been made or that was made in an incor-
rect amount (including overpayments and underpayments) under statutory, contractual, administrative, or other legally 
applicable requirements. It includes any payment to an ineligible recipient, any payment for an ineligible service, any 
duplicate payment, payments for services not received, and any payment that does not account for credit for applicable 
discounts. Moreover, when an agency’s review is unable to discern whether a payment is proper as a result of insuf-
ficient or lack of documentation, this payment must also be considered an improper payment. 

Throughout the past five years, NASA has diligently met IPIA program compliance by launching OMB-compliant risk 
assessments, updating NASA payment process documentation, selecting OMB-compliant statistical samples for test-
ing, drafting comprehensive test procedures, reporting results in the annual PAR and documenting the IPIA review 
process and results in comprehensive work papers.

During FY 2011, NASA continued its efforts to improve the integrity of its payments and the efficiency of its programs by 
updating the annual risk assessment. The updated risk assessment identified 34 programs in scope and covered $19.1 
billion in FY 2010 disbursements. Once the programs were evaluated, NASA identified the following seven programs for 
review to determine their susceptibility to improper payments: 
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•	 Constellation	Systems

•	 Institutions	and	Management

•	 International	Space	Station	(ISS)

•	 Mars	Exploration

•	 Reimbursable	–	Science	Mission	Directorate	Programmatic	(RMB-SCMD)

•	 Space	Communications	and	Navigation	(SCaN)

•	 Space	Shuttle	Program

Total payments related to these programs amounted to approximately $5.1 billion in FY 2010. As in previous years, with 
the assistance of contractor support, NASA performed an improper payment review of each program in accordance 
with Appendix C of OMB Circular A-123 and identified an estimated total of $1,510,548 in improper payments with an 
estimated improper payment percentage of 0.02959%. This annual estimate was based on NASA’s FY 2010 disburse-
ments (October 1, 2009 to September 30, 2010).  Although the testing performed found that the programs did not have 
significant improper payments, as defined by OMB A-123, Appendix C, NASA will continue to monitor payments and 
take appropriate corrective action for any identified improper payments.  

Improper Payments Information Act Reporting Details
To conduct the FY 2011 IPIA assessment, NASA adhered to the established improper payment methodology, consid-
ered lessons learned from past IPIA assessments, and the NASA Risk Assessment methodology. In order to satisfy the 
IPIA requirements the following tasks and activities were executed:

•	 Updated	the	FY	2010	risk	assessment;

•	 Selected	a	statically	valid	sample	of	payments;

•	 Conducted	a	test	of	all	transactions	selected	in	the	sample	and	extrapolated	the	results	to	make	a	valid	estimate;	
and,

•	 Reported	on	the	details	of	testing	and	findings	(if	any)	of	the	program

In the following section we summarize the details of the FY 2011 IPIA program.

I. Risk Assessment
NASA’s risk assessment methodology was developed using criteria established for determining levels of risk and evalu-
ating all major programs against these criteria. Risk factors included conditions related to financial processing and 
internal controls, internal and external monitoring and assessments, human capital risk, programmatic risk, and the 
nature of programs and payments.

In FY 2011, NASA performed a comprehensive qualitative and quantitative risk assessment to identify programs suscep-
tible to high risk of significant improper payments. NASA’s risk assessment methodology is illustrated in Table 1 below, 
along with a brief summary of steps and results.

Table 1: NASA’s Risk Assessment Methodology and Results

Determine Scope
Identify Programs

Eligible for Assessment
Analyze Risk
Conditions

Prepare Risk
Assessment

•	 Identified	99	distinct	programs
•	 Estimated	maximum	error	rate	

of	program	disbursements	at	
12.5%

•	 Materiality	level	of	programs	
in-scope	set	at	>$80M

•	 The	programs	in	scope	cov-
ered	$19.1	billion	in	FY	2010	
disbursements

•	 Identified	34	programs	within	
assessment scope

•	 Identified	8	programs	that	
received	ARRA	funds

•	 Non-programmatic	disburse-
ments	such	as	Institutions	&	
Management	also	included	

•	 Evaluated	FY	2010	Audit	Re-
ports,	Findings	and	Recom-
mendations

•	 Evaluated	Financial	Manage-
ment	trends	in	Internal	Control

•	 Evaluated	risk	conditions	
including	control	environment,	
human	capital	risk	and	nature	
of payments.

•	 Updated	information	based	
on	intelligence	gathered	from	
NASA	Financial	Management	
Products	and		independent	
reviews

•	 Populated	Risk	Assessment	
matrix	with	initial	feedback

•	 Identified	9	programs	
susceptible	to	improper	pay-
ments	based	on	risk	ratings
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(1) Determine Scope

To determine the scope of programs subject to the Risk Assessment, NASA prepared an initial selection based on 
the FY 2010 total disbursements; identifying 99 distinct programs. NASA generated and provided the disbursement 
totals for each program from its financial management system. The aggregate disbursement total was validated against 
NASA’s SF-133, Report on Budget Execution and Budgetary Resources.

(2) Identify Programs Eligible for FY 2011 Assessment

A review of the 99 distinct programs was made to determine whether or not they meet the materiality thresholds for 
review.  The materiality of disbursements is derived from an estimated error rate of 12.5 percent of program disburse-
ments.	Using	this	estimate,	the	materiality	level	of	programs	in	scope	was	set	at	greater	than	$80	million.	The	number	
of programs in scope was reduced to 34 based on the materiality of disbursements.  NASA also developed a question-
naire of additional risk conditions that NASA’s programs were evaluated against. The questionnaires were completed by 
Senior Management and selected Program personnel and captured data such as risk assessment scores, disburse-
ment values, and estimated error rates. 

(3) Analyze Risk Condition 

The control environment, internal and external monitoring, human capital risk, programmatic risk, and nature of pro-
gram payment risk factors were analyzed during the risk assessment.  NASA also reviewed documents, including the 
Review of Open Audit Recommendations Affecting Recovery Act Activities (Report Number. IG-10-014: Assignment 
No.	A-09-009-01)	and	the	Government	Accountability	Office	(GAO)	report	Improper	Payments:	Weaknesses	in	USAID’s	
[U.S.	Agency	for	International	Development’s]	and	NASA’s	Implementation	of	the	Improper	Payments	Information	Act	
and Recovery Auditing (GAO-08-77, November 9, 2007). Among other documents, NASA also examined the report on 
NASA’s Overall Assessment of Internal Control over Financial Reporting. Once this review and analysis was complete, 
the FY 2011 Risk Assessment was updated to reflect the NASA programs found susceptible to improper payments.

(4) Prepare Risk Assessment

The programs identified during FY 2011 are: Constellation Systems, Earth Science Research, Earth Systematic Mis-
sions, Institutions and Management, ISS, Mars Exploration, RMB-SCMD Programmatic, SCaN and Space Shuttle. 
Table 2 below provides the FY 2011 programs susceptible to improper payments. A score greater than 3.00 is deemed 
“high risk” per the NASA Risk Assessment Methodology.

Table 2: NASA Programs Identified as Susceptible to Improper Payments

Program

Determined Risk 
After Testing in FY 

2008

Determined Risk 
After Testing in FY 

2009

Determined Risk 
After Testing in FY 

2010
FY 2011 Risk As-
sessment Rating

Selected for Testing 
FY 2011

Constellation	Sys-
tems

N/A Low Low 3.80 Yes

Earth	Science	Re-
search

N/A Low Low 3.58 No

Earth	Systematic	
Missions

Low Low Low 3.32 No

Institutions	and	Man-
agement

Low Low Low 3.50 Yes

International	Space	
Station	(ISS)

Low Low Low 3.20 Yes

Mars	Exploration Low Low Low 3.48 Yes

RMB-SCMD	Pro-
grammatic

N/A N/A Low 3.52 Yes

SCaN N/A N/A Low 3.10 Yes

Space	Shuttle Low Low Low 3.50 Yes
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As shown in Table 2, based on testing results from previous years (FY 2008 to FY 2010), some programs initially identi-
fied during the risk assessment (any programs with a risk assessment rating of greater than 3.0) were deemed low risk 
and testing was not required during FY 2011. The following programs that received high risk ratings in FY 2011 but were 
tested in prior years and were deemed to be low risk and do not require testing again in FY 2011 are:

•	 Earth	Science	Research	(1)

•	 Earth	Systematic	Missions	(1)

Therefore, the following programs were selected for testing in FY 2011:

•	 Constellation	Systems

•	 Institutions	and	Management

•	 ISS

•	 Mars	Exploration

•	 RMB-SCMD

•	 SCaN

•	 Space	Shuttle

II. Statistical Sampling
For each program selected for testing, NASA developed a statistically valid random sample of program payments, in 
accordance with OMB guidelines. NASA constructed a stratified, random sample to yield an estimate with a 90 percent 
confidence level with a margin of error of plus or minus 2.5 percent for each program. The sample was drawn from 
the universe of disbursements that occurred from October 1, 2009, through September 30, 2010. For each selected 
program undergoing an improper payment review, NASA developed samples for the following payment types:  vendor 
payments; government purchase card transactions; and travel expenditures. A total number of 1,788 transactions were 
selected. Figure 1 below illustrates the total payments  for each program selected for testing in FY 2011.

Figure 1: Total Outlays for Programs Susceptible to a High Risk of Improper Payments

Constellation Systems
$1,100,982,431

ISS Program
$1,760,886,163

Institutions &
Management
$715,020,345

Space Shuttle Program
$913,698,792

SCaN
$311,584,843

Mars Exploration 
Program
$45,691,497

RMB–SCMD  
Programmatic
$257,433,937
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A random sample was selected for each of the seven programs identified as susceptible to high risk of significant 
improper payments.

Table 3: Population and Sample Amounts by Program

Program
Contracts Travel Purchase Cards Totals

Population Sample Population Sample Population Sample Population Sample
Constellation	Systems

Transactions 32,120 312 33,399 5 19,055 3 84,574 320

Dollar	
Amount

$1,081,754,115 $437,470,134 $13,541,975 $5,525 $5,686,341 $27,312 $1,100,982,431 $437,502,971

Institutions	and	Management

Transactions 20,622 307 3,144 1 24,561 8 48,327 316

Dollar	
Amount

698,800,772 323,849,019 1,389,701 490 14,829,872 31,857 715,020,345 323,881,366

ISS	Program

Transactions 15,296 364 13,519 1 8,113 1 36,928 366

Dollar	
Amount

1,752,838,532 1,229,570,808 6,318,982 8,421 1,728,649 (224) 1,760,886,163 1,229,579,005

Mars	Exploration

Transactions 1,945 146 1,377 6 2,322 5 5,644 157

Dollar	
Amount

44,637,583 31,463,637 576,576 5,734 477,338 5,875 45,691,497 31,475,246

RMB–SCMD	Programmatic

Transactions 3,342 136 4,187 2 4,128 1 11,657 139

Dollar	
Amount

254,610,680 183,198,701 1,886,651 6,803 936,606 435 257,433,937 183,205,939

SCaN

Transactions 6,035 206 4,484 3 3,824 2 14,343 211

Dollar	
Amount

308,529,868 174,634,892 1,858,798 3,391 1,196,177 4,490 311,584,843 174,642,773

Space	Shuttle	Program

Transactions 15,926 276 17,378 2 9,636 1 42,940 279

Dollar	
Amount

904,365,407 563,638,842 7,102,153 7,150 2,231,232 1,099 913,698,792 563,647,091

Total

Transactions 95,286 1,747 77,488 20 71,639 21 244,413 1,788

Dollar	
Amount

$5,045,536,957 $2,943,826,033 $32,674,836 $37,514 $27,086,215 $70,844 $5,105,298,008 $2,943,934,391
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III. Conclusion
In total, NASA identified one (1) improper vendor payment as identified in Table 4 below:

Table 4: Improper Payments by NASA Program
Finding—Discount Not Taken

Program Improper Payment Amount Over (Under) # of Payments
Constellation	Systems $2,343.87 1

        Total $2,343.87 1

As illustrated below, an extrapolation of the one payment over the entire universe resulted in $1,510,548 of estimated 
improper payments with an estimate percentage of 0.02959% during the period October 1, 2009, through September 
30, 2010.  Both the improper payment percentage and the estimated amount of improper payments are not considered 
significant as defined by OMB A-123, Appendix C. Consequently, NASA is not required to submit a written corrective 
action plan; however, NASA will consider opportunities for enhancement in FY 2012 to further reduce its exposure to 
improper payments. Table 5 below shows the total payments by population, sample amount, and annual estimate of 
improper payments by program.

Table 5: Total Payments by Population, Sample Amount and Annual
Estimate of Improper Payments by Program

Program

Transactions Dollars FY 2011 %
Estimate of
Improper
Payments

FY 2011 $
Estimate of
Improper
PaymentsPopulation Sample Population Sample

Constellation	Systems 84,574 320 $1,100,982,431 $437,502,971 0.13719% $1,510,548

Institutions	and	Management 48,327 316 715,020,345 323,881,366 0.00000% $0

ISS 36,928 366 1,760,886,163 1,229,579,005 0.00000% $0

Mars	Exploration 5.644 157 45,691,497 31,475,246 0.00000% $0

RMB–SCMD	Programmatic 11,657 139 257,433,937 183,205,939 0.00000% $0

SCaN 14,343 211 311,584,843 174,642,773 0.00000% $0

Space	Shuttle 42,940 279 913,698,792 563,647,091 0.00000% $0

       Total 244,413 1,788 $5,105,298,008 $2,943,934,391 0.02959% $1,510,548

Table 6: Improper Payment Reduction Outlook
(In Millions of Dollars)

Program

2009 
Disburse-

ments
2009
IP%

2009
IP$

2010
Disburse-

ments
2010
IP%

2010
IP$

2011
Disburse-

ments
*2011
IP%

2011
IP$

**2012 
Est. 

Outlays
*2012
IP%

2012
IP$

**2013
Est. 

Outlays
*2013
IP%

2013
IP$

Constel-
lation	
Systems

$3,108 0.00% $0 $3,367 0.14% $1.5 $43 0.14% $0.6 $43 0.14% $0.6 $43 0.14% $0.6

 *Assumes 2011 Improper payment rate remains constant in the out years.

**Assumes projected outlays remain constant in the out years.
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On July 22, 2010, the President signed into law the Improper Payments Elimination and Recovery Act (IPERA; Pub. 
L. No.111-204). IPERA requires all Federal agencies to conduct payment recapture audits. NASA continues to perform 
recapture audits as part of its overall program to ensure effective internal control over payments for each program and 
activity that expends $1 million or more annually if conducting such audits would be cost-effective. In FY 2011 NASA 
performed a recapture audit focused on its FY 2009 disbursements.

In accordance with the amended Office of Management and Budget (OMB) Circular A-123, Appendix C guidance, 
agencies may determine to exclude classes of contracts and contract payments from recapture audit activities if the 
agency determines that the recapture audits are inappropriate or not a cost-effective method for identifying and recover-
ing improper payments. NASA employs the Defense Contract Audit Agency (DCAA), at significant expense, to perform 
auditing procedures on cost-type contracts. Performing a separate recapture audit on these cost-type contracts would 
be duplicative and not cost-effective. In addition, the contractual terms of NASA’s cost-type contracts provides for audit 
access only by the DCAA. Increasing audit access would require contract modifications for existing contracts, which 
would likely result in increased costs. Consequently, NASA does not consider it cost-effective to conduct payment 
recapture audits for cost-type contracts. Consequently, NASA does not include cost-type contracts in its assessment 
for recapture audits.

NASA engages an industry-leading contracting firm to perform recapture auditing under a contingency contract. This 
year, FY 2009 disbursements were audited and the results are listed in the table on the following page. The firm audited 
FY 2006 through FY 2008 disbursements in prior years. The recapture audit of FY 2010 disbursements is underway.
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NASA has taken steps through Improper Payment reviews and recapture audits to continue holding Agency managers 
accountable for reducing and recovering improper payments. The recapture audit process is monitored by headquarters 
to ensure compliance with NASA’s Recovery Audit Guidance. In addition, all collection and disbursement functions are 
centralized which ensures prompt and recovery of overpayments, which helps to control and review contract payments.

NASA has the infrastructure and information technology in place to reduce improper payments. There are no statutory 
or regulatory barriers limiting NASA’s ability to reduce improper payments.
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Summary of Financial Statement Audit  
and Management Assurances

The following tables summarize the Agency’s FY 2011 Financial Statement Audit and Management Assurances. Table 1 
summarizes the status of prior year—FY 2010 material weaknesses identified, if any by the Financial Statement Auditor.  
Table 2 summarizes the status of  prior year material weaknesses, if any  identified by NASA Management. 

Table 1:  Summary of Financial Statement Audit

Audit Opinion Unqualified

Restatement No

Material Weaknesses
Beginning
Balance New Resolved Consolidated Ending Balance

None 0 0 0 0 0

Total Material Weaknesses 0 0 0 0 0

Effectiveness of Internal Control Over Financial Reporting (FMFIA 2)
Statement of Assurance Unqualified

Material Weaknesses
Beginning
Balance New Resolved Consolidated Reassessed

Ending
Balance

None 0 0 0 0 0 0

Total Material Weaknesses 0 0 0 0 0 0

Effectiveness of Internal Control Over Operations (FMFIA 2)
Statement of Assurance Unqualified

Material Weaknesses
Beginning
Balance New Resolved Consolidated Reassessed

Ending
Balance

None 0 0 0 0 0 0

Total Material Weaknesses 0 0 0 0 0 0

Conformance With Financial Management System Requirements (FMFIA 4)
Statement of Assurance Systems Conform.

Non-Conformances
Beginning
Balance New Resolved Consolidated Reassessed

Ending
Balance

Total non-conformances 0 0 0 0 0 0

Compliance With Federal Financial Management Improvement Act (FFMIA)
Agency Auditor

Overall Substantial Compliance Yes Yes

1. System Requirements met? Yes

2. Accounting Standards met? Yes

3. USSGL at Transaction Level met? Yes

Table 2:  Summary of Management Assurance
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NASA FY 2011 Public Law 111-117  
Undisbursed Balances in Expired Grant Accounts

NASA monitors and tracks grants undisbursed balances in expired accounts through a monthly review of internal control 
activities designed to identify undisbursed balances in expired accounts. The Continuous Monitoring Program (CMP) 
ensures ongoing review and validation of financial data and the effectiveness of internal controls over the entire financial 
management process, including grants. When grants undisbursed balances in expired accounts are identified, appro-
priate action is taken to ensure optimum use of grant resources.

NASA generates financial management reports to aid in the tracking and monitoring of undisbursed amounts. An aging 
report of open obligations is generated on a monthly basis to determine the last day activity occurred. For open obliga-
tions in which no activity has occurred in a six month period and/or there is no supporting documentation, further review 
is performed to determine the validity of obligation balances and the existence of valid source documentation. Addition-
ally, further analysis is performed to determine if funds can be de-obligated. If obligations are valid, the aging reports are 
updated to reflect that obligations have been confirmed with procurement as valid.

NASA will continue to track undisbursed balances in expired grant accounts through its monthly review of internal 
control activities designed to identify funds for de-obligation. This involves the continuous monitoring of undisbursed 
balances, identifying balances that should be de-obligated, and performing timely close-out of grants and other activi-
ties. Additionally, NASA’s financial management and procurement offices will continue to collaborate in monitoring and 
tracking undisbursed balances.

Currently, NASA does not have undisbursed balances in expired accounts that may be returned to the Treasury of the 
United States. The following chart reflects the total number and dollar amount of undisbursed grants in expired appro-
priations. All amounts have been obligated to a specific project.

Year
Total Number of 
Expired Grants

Total Amount of Expired Grants 
 (In Millions of Dollars)

2008 1,457 $41

2009 1,657 $18

2010 800 $10
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