


National Aeronautics and Space Administration

President’s FY 2010 Budget Request Summary

Budget Authority, $in million
By Appropriation Account
By Theme FY 2008 FY 2009 Recovery
Actuals  Enacted Act FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
Science 4,733.2 4,503.0 400.0 44772  4,747.4  4,890.9 5,069.0 5,185.4
Earth Science 1,237.4 1,379.6 325.0 1,405.0 1,500.0 1,5650.0 1,600.0 1,650.0
Planetary Science 1,312.6 1,325.6 1,346.2 1,500.6 1,577.7 1,600.0 1,633.2
Astrophysics 1,395.6 1,206.2 75.0 1,120.9 1,074.1 1,042.7 1,126.3 1,139.6
Heliophysics 787.6 591.6 605.0 672.6 720.5 742.7 762.6
Aeronautics 511.4 500.0 150.0 507.0 514.0 521.0 529.0 536.0
Exploration 3,299.4  3,505.5 400.0 3,963.1* 6,076.6* 6,028.5* 5,966.5* 6,195.3*
Constellation Systems 2675.9 3033.2 400.0 3505.4 5543.3 5472.0 5407.6 5602.6
Advanced Capabilities 623.5 472.3 457.7 533.3 556.5 558.9 592.7
Space Operations 5,427.2 5,764.7 0.0 6,175.6 3,663.8 3,485.3 3,318.6 3,154.8
Space Shuttle 3,295.4 2,981.7 3.157.1 382.8 87.8 0.0 0.0
International Space Station 1,685.5 2,060.2 2,267.0 2,548.2 2,651.6 2,568.9 2,405.9
Space and Flight Support 446.2 722.8 751.5 732.7 745.9 749.7 748.9
Education 146.8 169.2 0.0 126.1 123.8 123.8 123.8 125.5
Education 146.8 169.2 126.1 123.8 123.8 123.8 125.5
Cross-Agency Support 3,251.4  3,306.4 50.0 3,400.6 3,468.4 3,625.7 3,561.4 3,621.4
Center Management and 2,011.7 2,024.0 2,084.0 2,119.2 2,142.5 2,166.1 2,189.9
Operations
Agency Management and 834.1 921.2 961.2 956.9 964.5 972.3 981.5
Operations
Institutional Investments 325.5 293.7 50.0 355.4 392.3 418.7 423.0 450.0
Congressionally Directed 80.0 67.5 0.0 0.0 0.0 0.0 0.0
Iltems
Inspector General 32.6 33.6 2.0 36.4 37.0 37.8 38.7 39.6
NASA FY 2010 17,4019 17,782.4 1,002.0 18,686.0 18,631.0 18,613.0 18,607.0 18,858.0
Year to Year Change 2.2% 5.1% -0.3% -0.1% 0.0% 1.3%

* Following the human spaceflight review, the Administration will provide an updated request for
Exploration activities reflecting the review’s results.
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National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million

By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted

Science 4,903.0

FY 2010

4,477.2

FY 2011

4,747.4

FY 2012

4,890.9

FY 2013

5,069.0

FY 2014

Earth Science 1,237.4 1,704.6 1,405.0 1,500.0 1,550.0 1,600.0 1,650.0
Earth Science Research 358.3 437.4 397.5 407.5 404.2 416.8 412.1
Earth Science Research and Analysis 259.4 313.7 281.7 300.3 294.2 304.4 296.5
Computing and Management 98.9 123.7 115.8 107.2 110.0 112.4 115.6
Earth Systematic Missions 546.1 898.9 715.5 725.4 786.4 818.8 867.6
Global Precipitation Measurement 74.4 1578 1595 1276 1375 1112 80.4
(GPM)
Glory Mission 82.3 50.7 271 10.1 4.4 1.9 0.0
Landsat Data Continuity Mission 127.3 2009 1206 1374 1650 90.0 15.0
(LDCM)
NPOESS Preparatory Project (NPP) 46.1 57.1 112.8 33.8 5.3 5.2 5.1
Ice, Cloud and Land Elevation
Satellite 9.6 38.8 39.2 74.6 99.1 126.9 161.7
(ICESat-Il)
Soil Moisture Active and Passive
(SMAP) 9.6 104.3 70.0 132.2 180.4 135.0 40.0
Decadal Survey Missions 16.8 82.3 0.0 10.9 8.8 161.1 374.6
Other Missions and Data Analysis 180.1 206.9 186.3 198.9 186.0 187.5 190.8
Earth System Science Pathfinder 106.8 118.3 63.9 128.8 114.2 121.4 119.1
Aquarius 334 447 18.3 6.3 4.2 2.8 0.0
Venture Class Missions 0.0 21.0 12.9 79.2 66.5 75.1 75.7
Other Missions and Data Analysis 73.4 52.6 32.8 43.3 43.5 43.5 43.4
Earth Science Multi-Mission Operations 143.0 148.1 149.9 160.3 165.4 161.3 165.5
Earth Science Multi-Mission 143.0 148.1 1499 1603 1654 1613 1655
Operations
Earth Science Technology 43.0 54.1 45.9 47.2 48.2 49.5 52.7
Earth Science Technology 43.0 54.1 45.9 47.2 48.2 49.5 52.7
Applied Sciences 40.2 47.8 32.2 30.7 31.5 32.2 33.1
Pathways 40.2 47.8 32.2 30.7 315 322 331



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Planetary Science 1,312.6 1,325.6 1,346.2 1,500.6 1,577.7 1,600.0 1,633.2
Planetary Science Research 183.1 162.1 161.7 193.5 240.2 232.6 254.2
Planetary Science Research and 133.6 135.0 135.1 144.4 1532 156.9 160.7
Analysis
Other Missions and Data Analysis 18.6 19.5 21.4 22.2 22.3 22.7 29.3
Education and Directorate 277 39 14 23 1 60.7 490 60.1
Management
Near Earth Object Observations 3.3 3.7 3.8 3.8 3.9 4.0 41
Lunar Quest Program 41.3 105.0 103.6 142.6 138.6 145.5 118.7
Lunar Science 36.2 64.8 33.3 52.4 58.5 64.3 394
Lunar Atmosphere and Dust
Environment Explorer 5.1 30.2 66.5 73.9 31.1 0.0 0.0
International Lunar Network 0.0 10.0 3.7 16.3 48.9 81.2 79.3
Discovery 136.4 247.0 213.2 234.6 256.8 256.5 264.3
Gravity Recovery and Interior
Laboratory (GRAIL) 67.0 122.4 1241 104.8 41.4 4.7 0.0
Other Missions and Data Analysis 69.3 124.6 89.1 129.9 215.4 251.8 264.3
New Frontiers 115.1 263.9 264.1 239.9 294.2 239.8 249.6
Juno 95.0 245.0 237.2 174.2 71.4 17.8 18.1
Other Missions and Data Analysis 20.2 19.0 26.9 65.7 222.8 222.0 231.5
Mars Exploration 709.3 381.6 416.1 494.5 405.5 514.3 536.7
2009 Mars Science Lab 545.0 223.3 204.0 194.6 67.3 65.0 30.0
MAVEN 1.0 6.7 53.4 168.7 182.6 138.4 30.6
Other Missions and Data Analysis 163.3 151.6 158.7 131.2 155.7 310.9 476.1
Outer Planets 62.2 101.1 98.6 97.1 140.3 117.7 1185
Outer Planets 62.2 101.1 98.6 971 140.3 117.7 118.5
Technology 65.2 64.9 89.0 98.4 102.1 93.5 914

Technology 65.2 64.9 89.0 98.4 102.1 93.5 91.4



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Astrophysics 1,395.6 1,281.2 1,120.9 1,074.1 1,042.7 1,126.3 1,139.6
Astrophysics Research 102.2 135.0 151.9 160.0 165.0 177.2 188.0
Astrophysics Research and Analysis 56.9 60.0 61.1 62.5 64.0 66.2 67.8
Balloon Project 24.0 24.6 26.7 28.8 324 33.2 35.8
Other Missions and Data Analysis 21.3 50.4 64.1 68.6 68.5 77.9 84.4
Cosmic Origins 870.1 819.2 667.2 598.9 550.3 523.8 452.3
Hubble Space Telescope (HST) 2449 207.7 112.6 101.6 94.6 91.1 93.2
fj’vr\'l‘se%w ebb Space Telescope 510.3 4469 4414 3851 3546 3356 2508

Stratospheric Observatory for
Infrared 63.8 72.8 72.8 74.0 75.8 77.6 79.1

Astronomy (SOFIA)

Other Missions And Data Analysis 51.2 91.7 40.4 38.3 25.3 19.4 20.2
Physics of the Cosmos 148.9 128.3 147.7 188.5 213.9 291.4 330.3

Missions and Data Analysis 148.9 128.3 147.7 188.5 213.9 291.4 330.3
Exoplanet Exploration 156.7 68.1 46.2 57.3 86.9 123.5 167.3

Missions and Data Analysis 156.7 68.1 46.2 57.3 86.9 123.5 167.3
Astrophysics Explorer 117.7 130.7 107.9 69.5 26.6 104 1.7

Wide - Field Infrared Survey Explorer

(WISE) 72.7 65.2 13.0 5.2 1.6 0.2 0.0

Nuclear Spectroscopic Telescope 16.7 38.7 59.9 337 6.8 6.4 0.0

Array (NuStar)

Other Missions and Data Analysis 28.3 26.8 35.0 30.6 18.2 3.8 1.7
Heliophysics 787.6 591.6 605.0 672.6 720.5 742.7 762.6
Heliophysics Research 183.3 195.9 178.6 178.1 183.1 190.6 194.3

Heliophysics Research and Analysis 33.0 31.0 35.4 38.4 39.1 40.1 411

Sounding Rocket Operations 51.0 77.4 66.5 67.5 68.9 71.4 73.1

Other Missions and Data Analysis 99.4 87.5 76.7 72.3 75.1 79.1 80.1
Living with a Star 218.1 238.6 212.2 204.6 208.7 230.0 236.6

Solar Dynamics Observatory (SDO) 108.1 20.8 34.1 20.2 18.6 16.3 15.6

Radiation Belt Storm Probes (RBSP) 67.8 154.4 1371 127.9 105.1 22.0 17.3

Solar Probe Plus 13.9 18.0 4.0 16.6 36.7 57.8 81.3

Other Missions and Data Analysis 28.4 45.3 37.0 39.8 48.3 134.0 122.4



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account

By Theme

Solar Terrestrial Probes

Magnetospheric Multiscale (MMS)
Other Missions and Data Analysis

Heliophysics Explorer Program

GOLD

Other Missions and Data Analysis
New Millennium

New Millennium

Near Earth Networks

Near Earth Networks

Deep Space Mission Systems (DSMS)

Deep Space Network

Aeronautics

FY 2008
Actuals

FY 2009%*
Enacted FY 2010 FY 2011 FY2012 FY2013 FY 2014
123.1 143.0 169.1 170.6 160.8 164.3
94.6 118.6 149.3 148.8 1375 143.8
28.5 24.4 19.8 21.8 233 205
31.4 69.4 119.7 158.1 161.3 167.4
0.5 0.5 10.6 10.9 6.7 0.9
30.9 68.9 109.1 147.2 154.6 166.5
2.7 18 11 0.0 0.0 0.0
2.7 1.8 1.1 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0 0.0 0.0

Aeronautics

Aviation Safety

Integrated Vehicle Health
Management

Aging Aircraft and Durability

Integrated Resilient Aircraft Control

Integrated Intelligent Flight Deck
Technologies

Airspace Systems

NextGen Concepts and Technology
Development

NextGen Systems Analysis,
Integration, and Evaluation

Fundamental Aeronautics

Subsonic - Rotary Wing
Subsonic - Fixed Wing
Supersonics

Hypersonics

511.4
66.5

215
9.1
21.8
14.1
100.1
83.3

16.8

30.8
119.6
53.0

66.2

650.0 507.0 514.0 521.0 529.0 536.0
22.2 19.8 18.2 18.3 18.9 18.9
13.4 11.4 11.2 1.7 121 121
37.3 16.4 17.0 17.6 18.2 18.2
16.3 12.5 13.3 11.6 12.6 13.4

1215 814 82.9 83.9 87.2 88.3

105.3 53.3 54.5 55.3 57.8 58.7
16.2 281 28.4 28.5 29.5 29.6

307.6 228.4 230.0 233.6 239.0 245.9
38.9 26.1 26.1 26.3 27.4 27.9

155.2 101.6 103.7 105.4 107.3 110.8
55.6 40.6 40.0 40.7 42.0 42.8
57.9 60.0 60.2 61.1 62.3 64.4



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Aeronautics Test Program 75.1 131.6 74.7 77.1 77.2 76.6 78.7
Aero Ground Test Facilities 50.0 100.0 48.6 50.1 50.2 49.8 51.2
Flight Operations and Test 25.1 316 26.1 27.0 27.0 26.8 275
Infrastructure

Integrated Systems Research 0.0 0.0 62.4 64.4 67.1 64.4 60.5
Environmentally Responsible Aviation 0.0 0.0 62.4 64.4 671 64.4 60.5

Project

Exploration 6,028.5* 5,966.5* 6,195.3*

Constellation Systems 2,675.9 3,433.2 3,505.4 55433 5,472.0 5,407.6 5,602.6
Constellation Systems Program 2,545.3 3.130.2 3,466.4 5,531.3 5472.0 5,407.6 5,602.6
Program Integration and Operations 610.4 645.5 642.5 1,423.9 1,405.4 1,501.5 1,813.9
Crew Exploration Vehicle 889.5 1,387.2 1,383.5 1,938.9  2,056.1 1,931.0 1,751.7
Crew Launch Vehicle 1,030.5 1,067.4 14154 21433 1,985.5 1,950.1 2,012.0
Cargo Launch Vehicle 15.0 30.0 25.0 25.0 25.0 25.0 25.0
Commercial Crew and Cargo 130.5 303.0 39.1 12.2 0.0 0.0 0.0
Advanced Capabilities 623.5 472.3 457.7 533.3 556.5 558.9 592.7
Human Research Program 149.6 151.9 151.5 151.9 157.4 161.4 166.2
Exploration Technology Development 286.9 264.1 287.0 381.2 399.0 397.5 426.5
Lunar Precursor Robotic Program 187.1 56.3 19.1 0.2 0.1 0.0 0.0

* Following the human spaceflight review, the Administration will provide an updated request for
Exploration activities reflecting the review’s results. FY 2010 and outyear funding levels for Exploration
activities shown here represent the budget request if there were no changes to ongoing activities.



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account

By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Space Operations 5,764.7 6,175.6 3,663.8 3,485.3 3,154.8

Space Shuttle 3,295.4 2,981.7 3,157.1 382.8 87.8 0.0 0.0
Space Shuttle Program 3.2954 2981.7 3,157.1 382.8 87.8 0.0 0.0
Program Integration 516.6 489.6 678.1 152.0 22.7 0.0 0.0
Flight and Ground Operations 1,124.9 1,031.2  1,035.1 109.5 49.1 0.0 0.0
Flight Hardware 1,653.9 1,460.9  1,443.9 121.3 16.0 0.0 0.0
International Space Station 1,685.5 2,060.2 2,267.0 2,548.2 2,651.6 2,568.9 2,405.9
International Space Station Program 1,685.5 2,060.2 2,267.0 2,548.2 2,651.6 2,568.9 2,405.9
ISS Operations 1,603.2 1,755.4  1,639.0 1,717.3 1,513.9 1,437.8 1,449.0
ISS Cargo Crew Services 82.3 304.8 628.0 830.9 1,137.7 1,131.1 956.9
Space and Flight Support 446.2 722.8 751.5 732.7 745.9 749.7 748.9
Space Communications and Navigation 303.9 582.9 496.6 506.9 520.3 524.0 524.0
Space Communications Networks 56.5 363.5 427.2 423.0 440.8 4311 4443
Space Communications Support 97.4 65.4 43.4 64.9 56.9 79.5 79.7
TDRS Replenishment 150.0 154.0 26.0 19.0 22.6 13.4 0.0
Human Space Flight Operations 0.0 0.0 1147 88.5 88.6 88.7 89.0
Space Flight Crew Operations 0.0 0.0 114.7 88.5 88.6 88.7 89.0
Launch Services 918 89.6 85.9 84.1 83.9 83.9 82.8
Launch Services 91.8 89.6 85.9 84.1 83.9 83.9 82.8
Rocket Propulsion Test 41.9 41.8 45.8 44.6 44.5 44.5 44.5
Rocket Propulsion Testing 41.9 41.8 45.8 44.6 44.5 44.5 44.5
Crew Health & Safety 8.7 8.6 8.6 8.5 8.5 8.5 8.5
Crew Health and Safety 8.7 8.6 8.6 8.5 8.5 8.5 8.5

Vi



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million

By Appropriation Account

By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Education 125.5

Education 146.8 169.2 126.1 123.8 123.8 123.8 125.5
Higher Ed. STEM Education 92.0 107.7 80.6 80.6 80.6 80.7 80.7
STEM Opportunities (Higher 9.0 95 116 116 116 116 116
Education)
NASA Space Grant 35.7 40.0 28.4 28.4 28.4 28.4 28.4
Experimental Program to Stimulate 12.8 20.0 10.0 10.0 10.0 10.0 10.0
Competitive Research
Minority University Research & 275 28.2 30.7 30.7 30.7 30.7 30.7
Education Program
Global Climate Change Education 7.0 10.0 0.0 0.0 0.0 0.0 0.0
K-12 STEM Education 41.3 47.5 43.3 41.0 41.0 41.0 42.7
STEM Student Opportunities (K-12) 9.6 10.5 14.5 14.5 14.5 14.5 14.5
STEM Teacher Development (K-12) 20.1 21.0 28.9 26.5 26.5 26.5 28.2
K-12 Competitive Educational Grant 16 16.0 0.0 00 0.0 0.0 0.0
Program
Informal STEM Education 135 14.0 2.1 2.1 2.1 2.1 2.1
Science Museums and Planetarium 78 7.0 0.0 0.0 0.0 0.0 0.0
Grants
NASA Visitor Centers 5.8 7.0 0.0 0.0 0.0 0.0 0.0
NASA Informal Education 0.0 0.0 2.1 2.1 2.1 2.1 2.1
Opportunities

3,621.4

Cross-Agency Support

Center Management and Operations 2,011.7 2,024.0 2,084.0 2,119.2 2,142.5 2,166.1 2,189.9
Center Management and Operations 2,011.7 2,024.0 2,084.0 2,119.2 2,142.5 2,166.1 2,189.9
Center Institutional Capabilities 1,555.6 1,579.0 1,608.6 1,626.1 1,631.7 1,637.2 1,644.5
Center Programmatic Capabilities 456.1 445.0 475.4 493.1 510.8 528.9 545.4
Agency Management and Operations 834.1 921.2 961.2 956.9 964.5 972.3 981.5
Adency Management 353.8 390.0 412.7 417.4 422.0 426.6 431.3
Agency Management 353.8 390.0 412.7 417.4 422.0 426.6 431.3

Vii



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Safety and Mission Success 1715 179.1 183.9 186.1 188.6 190.9 193.0
Safety and Mission Assurance 43.9 429 48.3 48.8 49.3 49.7 50.4
Chief Engineer 94.8 87.0 102.2 103.6 105.3 106.8 107.0
Chief Health and Medical Officer 2.3 4.1 3.7 3.7 3.7 3.8 3.8

Vafependent Veriication and 305 45.0 207 30.0 30.3 306 319

Agency IT Services 134.9 163.9 150.4 138.3 138.0 138.3 139.7
IT Management 17.3 17.3 31.9 25.8 25.1 24.0 23.0
Applications 68.3 67.2 70.2 66.1 66.7 67.1 68.8
Infrastructure 49.3 79.4 48.3 46.4 46.2 47.2 47.9

Innovative Partnerships Program 146.8 160.2 184.8 184.9 185.7 186.3 187.0
Technology Infusion 6.7 9.1 13.5 13.1 13.5 13.7 14.0
Small Business Innovative Research 86.9 1134 1241 1241 1241 1241 1241
mmall Business Technology Tranafer 13.2 13.6 14.1 14.1 14.1 14.1 14.1
Innovation Incubator 0.0 0.0 25 25 2.5 25 25
Future Centennial Challenges 0.0 0.0 4.0 4.0 4.0 4.0 4.0
Partnership Development 39.9 241 23.8 20.2 19.9 19.7 21.3
Innovative Technology 0.0 0.0 2.8 6.8 7.5 8.1 7.0

Strategic Capabilities Assets Program 27.2 28.0 29.4 30.2 30.2 30.2 30.5
Simulators 10.9 11.5 1.7 121 121 12.1 11.9
Thermal Vacuum Chambers 7.7 7.2 8.3 8.4 8.4 8.4 8.7
Arc Jets 8.6 9.3 9.4 9.7 9.7 9.7 9.9

Institutional Investments 325.5 343.7 355.4 392.3 418.7 423.0 450.0

Institutional Construction of Facilities 249.0 268.9 284.2 326.0 367.4 371.6 397.4
Institutional Construction Of Facilities 249.0 268.9 284.2 326.0 367.4 371.6 397.4

Eg\éitlgr;rt?oer?tal Compliance and 765 748 712 66.3 513 514 526
E’;‘é‘tgg:‘::ta' Compliance and 76.5 74.8 71.2 66.3 51.3 51.4 52,6

viii



National Aeronautics and Space Administration

President’s FY 2010 Budget Request Detail

Budget Authority, $ in million
By Appropriation Account
By Theme FY 2008 FY 2009**
Actuals Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Congressionally Directed Items 80.0 67.5 0.0 0.0 0.0 0.0 0.0
Congressionally Directed Iltems 80.0 67.5 0.0 0.0 0.0 0.0 0.0
Congressionally Directed ltems 80.0 67.5 0.0 0.0 0.0 0.0 0.0

Inspector General

Inspector General 32.6 35.6 36.4 37.0 37.8 38.7
IG Program 32.6 35.6 364 37.0 37.8 38.7 39.6
Inspector General 32.6 35.6 36.4 37.0 37.8 38.7 39.6

NASA FY 2010 17,401.9 18,784.4 18,686.0 18,631.0 18,613.0 18,607.0 18,858.0

** FY 2009 enacted column contains Recovery Act funding of $400M for Science, $150M for Aeronautics, $400M
for Exploration, $50M for Cross Agency Support and $2M for Inspector General.
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NASA FY 2010 Budget Request Summary

Message from the Administrator

Today, | am pleased to release NASA’s FY2010 budget request in the amount of $18.686 billion
to advance Earth science, complete the International Space Station, explore the solar system
and conduct aeronautics research. The budget request represents an increase of $903.6
million, about 5 percent, above the amount provided NASA in the FY 2009 Omnibus
Appropriations Act.

The FY 2010 budget does a number of things: it supports the Administration’s commitment to
deploy a global climate change research and monitoring system; it funds a strong program of
space exploration involving humans and robots with the goal of returning Americans to the
moon and exploring other destinations; and it supports the safe flight of the Space Shuttle to
complete assembly of the International Space Station by the Space Shuttle's planned
retirement.

With the FY 2010 budget request, we will advance our global climate change research. NASA's
investment in Earth science research satellites, airborne sensors, computer models and
analysis already has revolutionized scientific knowledge and predictions of climate change and
its effects. Using the National Research Council’s recommended priorities for space-based
Earth science research, we will develop new sensors to support the Administration’s goal of
deploying a global climate research and monitoring system.

The budget request also renews NASA’s commitment to aeronautics research to address
aviation safety, air traffic control, noise and emissions reduction, and fuel efficiency. And
NASA's diverse portfolio of science, technology, engineering and mathematics educational
activities is aligned with the administration’s goal of improving American innovation and global
competitiveness.

Along with the budget release, the White House also announced the launch of an independent
review of NASA's human space flight activities. The Review of United States Human Space
Flight Plans will examine our development programs and suggest possible alternatives. The
goal is to provide options that will ensure the nation’s human space flight program remains safe,
innovative and affordable in the years following the space shuttle's retirement. During the
review, work on the Constellation Program will continue.

The review team will work closely with NASA and seek input from the Congress, the White
House, the public, industry and international partners as it develops these options. The review
will be done by a blue-ribbon panel of experts. The panel's results will support an administration
decision by August 2009 on how to proceed.

As we move forward into the future, I'm confident that with your expertise and hard work, NASA

will continue its record of amazing accomplishments in exploration and research. The
President’s FY 2010 request represents a major investment in this future.

C.1S N

Christopher J. Scolese
Acting Administrator
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FY 2010 Budget Overview

NASA'’s astronauts and robotic spacecraft have been exploring our solar system and the
universe for more than 50 years. NASA’s FY 2010 request funds a robust program to continue
our missions of space exploration and aeronautics research. NASA’s FY 2010 budget request,
at $18.686 billion, represents an increase of $903.6 million above the amount provided for
NASA in the FY 2009 Omnibus Appropriations Act (P.L. 110-8), a 5% increase.

NASA'’s FY 2010 budget request supports the Administration’s commitment to deploy a global
climate change research and monitoring system, funds a robust program of space exploration
involving humans and robots with a goal to return Americans to the Moon and explore other
destinations, and funds the safe flight of the Shuttle to complete assembly of the ISS through its
retirement at the end of 2010. The FY 2010 budget request funds continued use of the ISS to
enable the Agency to develop, test, and validate critical exploration technologies and processes
and, in coordination with our international partners, to make the ISS available support other
government entities, commercial industry and academic institutions to conduct unique research
in the microgravity environment of space. It will also stimulate private sector development and
demonstration of vehicles that may support NASA'’s cargo and crew requirements. And it
renews NASA’s commitment to aeronautics research to address aviation safety, air traffic
control, noise and emissions reduction, and fuel efficiency. NASA’s diverse portfolio of science,
technology, engineering and mathematics (STEM) educational activities is also aligned with the
Administration’s goal of improving American innovation and global competitiveness.

The Agency will create a new chapter of our legacy as we embark on a renewed program of
human exploration to the Moon and other destinations beyond low Earth orbit. In the summer of
2009, NASA will participate in a review of planned U.S. human space flight activities with the
goal of ensuring that the nation is on a vigorous and sustainable path to achieving its boldest
aspirations in space. The review will examine ongoing Exploration activities as well as
alternatives to ensure the Nation is pursuing the best technical solution for future human
spaceflight — one that is safe, innovative, and affordable. NASA also will send a broad suite of
robotic missions to destinations throughout the solar system and develop a bold new set of
astronomical observatories to probe the mysteries of the universe, increasing investment in
research, data analysis, and technology development in support of these goals.

With the FY 2010 budget request, NASA advances global climate change research. The NASA
investment in Earth science research satellites, airborne sensors, computer models and
analysis has revolutionized scientific knowledge and predictions of climate change and its
effects. Using the National Research Council’s recommended priorities for space-based Earth
science research as its guide, NASA will develop new space-based research sensors in support
of the Administration’s goal to deploy a global climate research and monitoring system. NASA
will deploy these new sensors expeditiously while coordinating with other Federal agencies to
ensure continuity of measurements that have long-term research and applications benefits.

With the FY 2010 request, NASA will complete the International Space Station (ISS) and
advance the development of new space transportation systems and the unique scientific
research that can be conducted onboard the ISS. NASA will fly the Space Shuttle to complete
the ISS and then retire the Shuttle. NASA is committed to completing the nine remaining
scheduled shuttle flights, which we believe can be accomplished by the end of 2010. . Funds
freed from the Shuttle’s retirement will enable the Agency to support development of systems to
deliver people and cargo to the ISS and the Moon and explore other destinations. As part of
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this effort, NASA will stimulate private-sector development and demonstration of vehicles to
support the Agency’s human crew and cargo space flight requirements. In addition, the Agency
will continue to utilize the 1SS, the permanently crewed facility orbiting Earth that enables the
Agency to develop, test, and validate critical space exploration technologies and processes, and
to conduct microgravity research. NASA also will continue to coordinate with international
partners to make this platform available for other government entities, commercial industry, and
academic institutions to conduct research.

The FY 2010 budget request renews NASA’s commitment to a strong national program of
aeronautics research and technology that contributes to the economic well-being and quality of
life of American citizens. NASA will renew its commitment to cutting-edge, fundamental
research in traditional and emerging disciplines to help transform the Nation’s air transportation
system and to support future aircraft. NASA research will increase airspace capacity and
mobility, enhance aviation safety, and improve aircraft performance while reducing noise,
emissions, and fuel consumption.

Finally, consistent with Administration priorities, NASA is developing plans to stimulate
innovation and increase investments in technologies for the future while ensuring nearer-term
Agency commitments are met.

FY 2008 FY 2009 Recovery FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

Budget Authority ($M) Act

400.0 4,477.2 4,747.4 48909 5,069.0 5,185.4
Earth Science 1,237.4 1,379.6 325.0 1,405.0 1,500.0 1,550.0 1,600.0 1,650.0
Planetary Science 1,312.6 1,325.6 1,346.2 1,500.6 1,577.7 1,600.0 1,633.2
Astrophysics 1,395.6 1,206.2 75.0 1,120.9 1,074.1 1,042.7 1,126.3 1,139.6
Heliophysics 787.6 591.6 605.0 672.6 720.5 742.7 762.6
Aeronautics 511.4 500.0 150.0 507.0 514.0 521.0 529.0 536.0
Exploration 400.0 3963.1* 6076.6* 6028.5* 5966.5* 6195.3*
Constellation Systems 2,675.9  3,033.1 400.0 3,5054 55433 54720 5407.6 5,602.6
Advanced Capabilities 623.5 472.3 457.7 533.3 556.5 558.9 592.7
Space Operations 5,427.2 0.0 6,756 3,663.8 3,485.3 3,318.6 3,154.8
Space Shuttle 3,295.4  2,981.7 3,157.1 382.8 87.8 0.0 0.0
International Space Station 1,685.5 2,060.2 2,267.0 2,548.2 2,651.6 2,568.9 2,405.9
Space and Flight Support (SFS) 446.2 722.8 751.5 732.7 745.9 749.7 748.9
Education 0.0 126.1 123.8 123.8 123.8 125.5
Cross-Agency Support 50.0 3,400.6 3,468.4 3,525.7 3,561.4 3,621.4
Center Management and Operations 2,011.7  2,024.0 2,084.0 2,119.2 2,1425 2,166.1 2,189.9
Agency Management and Operations 834.1 921.2 961.2 956.9 964.5 972.3 981.5
Institutional Investments 3255 293.7 50.0 3554 392.3 418.7 423.0 450.0
Congressionally Directed Items 80.0 67.5 0.0 0.0 0.0 0.0 0.0
Inspector General 32.6 33.6 2.0 36.4 37.0 37.8 38.7 39.6

NASA FY 2010 17,4019 17,7824 1,002.0 18,686.0 18,631.0 18,613.0 18,607.0

Year to Year Change 2.2% 5.1% -0.3% -0.1% 0.0% 1.3%

*Following the human spaceflight review, the Administration will provide an updated request for Exploration activities
reflecting the review's results.
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Science

NASA'’s Science Mission Directorate continues to expand humanity’s understanding of our
Earth, our Sun, the solar system and the universe with 57 science missions in operation and 32
more in formulation or development. The Science budget funds these missions as well as the
research of over 3,000 scientists and their students across the nation. NASA'’s request and
plans for FY 2010 — FY 2013 increases funding for Science by $762 million over the FY 2009
request.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

FY 2010 President's Budget Request 4,733.2 4,903.0 4,477.2 4,747.4 4,8909 5,069.0 5,185.4
Earth Science 1,2374 1,704.6 1,405.0 1,500.0 1,550.0 1,600.0 1,650.0
Planetary Science 1,3126 1,3256 1,346.2 1,5006 1,577.7 1,600.0 1,633.2
Astrophysics 1,395.6 1,281.2 11,1209 1,0741 1,042.7 1,126.3 1,139.6
Heliophysics 787.6 591.6 605.0 672.6 720.5 7427 762.6

FY 2009 President's Budget Request 4,706.2 4,441.5 4,482.0 4,5349 4,643.4 4,761.6 -

Earth Science 1,280.3 1,367.5 1,350.7 1,250.9 1,264.4 1,290.3 -
Planetary Science 12475 13342 14101 15375 1,570.0 1,608.7 -
Astrophysics 1,337.5 1,1625 1,1224 1,057.1 1,067.7 1,116.0 -
Heliophysics 840.9 577.3 598.9 689.4 741.2 746.6 -

Total Change from FY2009 President's
Budget Request 27.0 461.5 -4.8 212.5 247.5 307.4

Reflecting the Administration’s commitment to global climate change research, NASA has
increased the Earth Science budget for FY 2010 — FY 2013 by $0.9 billion. Including the
additional resources provided in the FY 2009 appropriation and the Recovery Act, NASA’s Earth
Science programs will have been increased by almost $1.2 billion over 5 years, a 19 per cent
increase. NASA’s 15 Earth Science missions in operation provide a large part of the global
observations used for climate change research in the United States and elsewhere. This year,
NASA’s Earth Science satellites enabled research to understand how changes both in the

tropics and in the Arctic sea ice are changing ocean biology globally. NASA also recently
conducted the first Ice Bridge aircraft campaign to demonstrate a new airborne laser capability

to bridge the gap in time between ICESats | and Il. In FY 2010, NASA plans to launch the Glory
mission to map atmospheric aerosols and continue the long record of solar influences on

climate, and the Aquarius mission to provide the first global measurements of sea surface
salinity. NASA will complete development of the NPOESS Preparatory Project and continue
development of the Global Precipitation Mission and the Landsat Data Continuity Mission
(LDCM), and initiate work on development of a Thermal Infra-Red Sensor (TIRS). The launch
vehicle failure of the Orbiting Carbon Observatory (OCO) was a significant loss to the climate
science communities, and NASA is assessing options to recover from that loss. NASA is
continuing to work aggressively to implement the recommendations of the National Research
Council Decadal Survey for Earth Science. The first two new missions the Decadal Survey
recommended, SMAP and ICESat-Il, will continue formulation in FY2010, with launches expected
in late 2013/early 2014 and late 2014/early 2015 respectively. The next two, DESDynl and CLARREO,
will be accelerated and transition to formulation. NASA also expects to issue its first Venture-class
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Announcement of Opportunity later this year, implementing another decadal survey
recommendation.

NASA'’s Planetary Science missions continue to return images and data from the far reaches of
the Solar System. This year, the Mars Phoenix Lander completed its mission, conducting the
first chemical test providing evidence of water ice on another planet. MESSENGER returned
stunning imagery of portions of the planet Mercury never before seen. The Cassini spacecraft
continues to provide un-paralleled science of the Saturnian system; the spacecraft flew within
25km of Enceladus viewing the ejecting plumes and surface, and data from 19 fly-bys of Titan
enabled creation of a radar map showing 3-D topography revealing 1,200-meter (4,000-foot)
mountain tops, polar lakes, vast dunes, and thick flows from possible ice volcanoes.
Development is continuing on the Juno mission to Jupiter for launch in 2011. NASA and ESA
jointly announced they will work together on a Europa Jupiter System mission concept as the
next outer planets flagship effort. The MER rovers continue to study the Martian surface and
have exceeded their fifth year of successful operations. NASA is continuing development of the
Mars Science Laboratory (MSL) for launch in 2011 and selected MAVEN, a Mars aeronomy
mission, as the next Mars Scout mission for launch in 2013. NASA has integrated its lunar
science research program with the Lunar Precursor Robotic Program into a single Lunar Quest
Program under the Science Mission Directorate, which includes lunar science missions and a
new virtual university research collaboration called the NASA Lunar Science Institute. The
Moon Mineralogy Mapper (M3) was launched aboard Chandrayaan-1 and has begun making
scientific observations of the Moon’s composition. Development is continuing on the GRAIL
mission to map the Moon’s gravity field for launch in 2011. This year, NASA is releasing
Announcements of Opportunity for both the next New Frontiers and Discovery missions.
NASA'’s request for Planetary Science is $1.3 billion for FY 2010.

2009 is the International Year of Astronomy, and NASA's Astrophysics program will deploy
exciting new capabilities for studying the cosmic frontier. The Kepler mission, launched in
March, is NASA's first mission dedicated to the search for Earth-like planets in our galaxy. ESA
will launch the Herschel and Planck missions in May, carrying several NASA instruments, to
study the far-infrared sky and the cosmic microwave background. The final Hubble Space
Telescope serving mission aboard STS-125, scheduled for launch May 12, will upgrade the
observatory to its peak scientific performance. In November, NASA plans to launch the Wide-
field Infrared Survey Explorer (WISE) as part of its highly successful Explorer Program,
following on the recent successes of the Fermi Gamma-ray Space Telescope (launched as
GLAST in July 2008), which has provided the best-ever view of the gamma-ray sky revealing
energetic sources in our solar system, our galaxy, and galaxies billions of light-years away.
Development is continuing on the James Webb Space Telescope, which passed its
Confirmation Review in 2008 and has an Agency commitment to launch in 2014. Development
continues on the NuSTAR mission to study black holes for launch in 2011, along with a Soft X-
ray Spectrometer to fly on Japan’s Astro-H mission in 2013. Development continues on the
airborne Stratospheric Observatory for Infrared Astronomy or SOFIA, which will conduct open
door flight tests in 2009 and early science flights in 2010, with planned full operational capability
in 2014. Formulation is continuing for ambitious future mission concepts to investigate the
origins of planets, stars, and galaxies; to search for Earth-like planets around nearby stars; and
to examine the nature of dark energy, dark matter, gravity waves, and black holes. These and
other mission concepts are currently under consideration by the NRC’s decadal survey for
Astrophysics, or Astro2010, which will be completed during 2010, and will provide
recommendations to NASA on the science community’s highest priority science questions and
strategic missions for the next decade. NASA'’s request for Astrophysics is $1.1 billion for FY
2010.
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The fleet of NASA Heliophysics missions strategically placed throughout the solar system is
providing researchers the first ever solar system-wide view of solar influences on the Earth and
other planets, and the dynamic structures of space itself. This virtual “Great Observatory” is in
place and functioning for the next solar magnetic activity cycle, and has already detected the
first signs of a new solar maximum anticipated for 2011-2012. By early next year, the launch of
Solar Dynamics Observatory will add to this fleet the capability to observe the solar atmosphere
to a depth of one-third of the Sun’s radius to study the flow of plasmas that generate magnetic
fields and the sudden changes that produce coronal mass ejections that we experience as
space weather. Also this year, NASA plans to select two Small Explorer (SMEX) missions in
response to an Announcement of Opportunity issued in 2008, which could be either
Heliophysics or Astrophysics missions depending on the proposals selected. Development of
the Radiation Belt Storm Probes mission to study the interactions of space weather events with
Earth’s magnetic field is continuing for launch in 2012, as well as the Magnetosphere Multi-
Scale mission to observe the processes of magnetic reconnection, energetic particle
acceleration, and turbulence in Earth’s magnetosphere for launch in 2014. Finally, NASA is
continuing early formulation work on the Solar Probe-Plus mission that will travel into, and
sample, the near-Sun environment to probe the origins of the solar wind. NASA'’s request for
Heliophysics is $0.6 billion in FY 2010.
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Aeronautics

Over the past year, NASA’s Aeronautics Research Mission Directorate has continued to pursue
long-term, innovative, and cutting-edge research that develops revolutionary tools, concepts,
and technologies to enable a safer, more flexible, environmentally friendly, and more efficient
national air transportation system. NASA Aeronautics Research also plays a vital role in
supporting NASA’s human and robotic re-entry vehicle research. NASA'’s request for
Aeronautics is $507 million in FY 2010, with an increase of $247 million for FY 2010 — FY 2013.
Including the additional resources provide in the FY 2009 appropriation and the Recovery Act,
NASA'’s Aeronautics programs will have been increased by $450 million over 5 years, a 20%
increase.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

FY 2010 President's Budget Request 511.4 650.0 507.0 514.0 521.0 529.0 536.0
Aeronautics 511.4 650.0 507.0 514.0 521.0 529.0 536.0

FY 2009 President's Budget Request 511.7 446.5 447.5 452.4 456.7 467.7 -
Aeronautics 446.5 447.5 452.4 456.7 467.7 -

Total Change from FY2009 President's
Budget Request -0.3 203.5 59.5 61.6 64.3 61.3

A primary goal across Aeronautics Research programs is to establish strong partnerships with
industry, academia, and other government agencies in order to enable significant advancement
in our Nation’s aeronautical expertise. NASA has put many mechanisms in place to engage
academia and industry, including industry working groups and technical interchange meetings at
the program and project level, Space Act Agreements (SAAs) for cooperative partnerships, and
the NASA Research Announcement (NRA) process that provides for full and open competition
for the best and most promising research ideas. To date, 68 SAAs have been established with
industry partners across all programs and 375 NRAs have been awarded to academia, industry
and non-profit organizations. NASA Aeronautics has continued to collaborate with the Joint
Planning Development Office (JPDO), Federal Aviation Administration (FAA), U.S. Air Force,
Army, and other government organizations.

NASA'’s Airspace Systems Program has partnered with the JPDO to help develop concepts,
capabilities and technologies that will lead to significant enhancements in the capacity,
efficiency and flexibility of the National Airspace System. A notable accomplishment is the
successful completion, by NASA researchers in collaboration with academia and the FAA, of a
series of human-in-the-loop experiments that explored advanced concepts and technology for
separation assurance, which ensures that aircraft maintain a safe distance from other aircraft,
terrain, obstacles, and certain airspace not designated for routine air travel. The technology
being developed by NASA and its partners is critical to relieving air-traffic controller workload, a
primary constraint on airspace capacity that is expected to increase in coming years. In the
future, this Program will continue to develop new technologies to solve important problems such
as surface traffic planning and control, and initial algorithms for airport arrival and departure
balancing as well as developing traffic flow management concepts for increased efficiencies at
the regional and national levels for different planning intervals.

NASA’s Fundamental Aeronautics Program conducts research in all aeronautics disciplines that
enable the design of vehicles that fly through any atmosphere at any speed. The program has
supported the testing of various new concepts that will help enable much improved capabilities
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for future vehicles. For example, wind-tunnel testing was conducted for several promising
powered lift concepts. Powered lift concepts increase lifting force on an aircraft at slow speeds
(e.g., at take-off and landing) without increasing drag under cruise conditions. Successful use
of the concepts will enable short take-off and landings on runways less than 3000 feet, which
will increase next-generation air transportation system capacity through the use of shorter fields
and improved low-speed maneuverability in airport terminal areas. Testing was also completed
for a Smart Material Actuated Rotor Technology (SMART) helicopter rotor, which offers the
potential for significant noise and vibration reduction in rotorcraft. Future work includes
technologies and advanced tools to evaluate the trades between noise, emissions, and
performance of future aircraft entering service in the 2012-2015 timeframe.

NASA'’s Aviation Safety Program continues to develop tools and technologies to improve on
today’s incredibly safe air transportation system, while ensuring that future technologies can be
safely incorporated to the system. Examples of advances that support this development include
NASA’s ongoing and new research into aircraft icing. For example, with current knowledge we
cannot extrapolate how ice forms on a straight wing such as found on a turbo-prop to how it will
form on a swept wing, or a radically new aircraft configuration. The Aviation Safety Program is
tackling this with a combination of computational models and experiments in NASA'’s Icing
Research Tunnel. We are establishing that, in high and cold flight conditions, ice can form
deeper in jet engines than previously understood. NASA is working collaboratively with the
FAA, industry and international partners, such as the National Research Council of Canada, to
conduct tunnel tests of the underlying physics, to fly our instrumented S-3 Viking into such
engine icing conditions, and design upgrades to our Propulsion System Lab in which jet engines
may be tested in detail. Additional future work in Aviation Safety includes addressing gaps in
validation and verification of critical flight software, developing new data-analysis capabilities to
mine aviation operational data for safety issues, examining the safety of new vehicle systems
and structures, and tackling the biggest human factors issues in the NextGen flightdeck.

NASA'’s Aeronautics Test Program (ATP) is focused on ensuring a healthy suite of facilities and
platforms to meet the nation’s testing needs including the development of new test
instrumentation and test technologies. As part of its continuous efforts to improve facility
operational efficiencies, ATP initiated the National Force Measurement Technology Capability,
to address the severe erosion of NASA'’s capability to utilize strain gage balances in wind tunnel
testing. The National Partnership for Aeronautics Testing, a strategic partnership between
NASA and the Department of Defense (DOD), recently commissioned a study of government-
owned, mid-to-large supersonic facilities necessary to fulfill future air vehicle test requirements.
The Program will continue to develop a long-term strategic approach that aligns the NASA and
DOD facilities to meet future requirements with the right mix of facilities and appropriate
investments in facility capabilities.

NASA's Integrated Systems Research Program (ISRP), a new program effort beginning in
FY10, has been organized to support the Environmentally Responsible Aviation (ERA) Project,
a “green aircraft initiative,” that will conduct system research and experiments of promising
vehicle concepts and technologies that will simultaneously reduce fuel burn, noise and
emissions. The environmental impacts of noise and emissions are a growing concern and could
limit the ability of NextGen to meet the projected growth in demand for air transportation. The
integrated system-level research in this program will be coordinated with on-going long-term,
foundational research within the three other research programs, and will focus specifically on
maturing and integrating technologies in major vehicle systems and subsystems for accelerated
transition to practical application.
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Exploration

Human space flight is important to America’s political, economic, technological and scientific
leadership. In the span of a few short years, NASA has taken long strides to formulate
strategies and programs key to developing a robust program of space exploration. These
critical steps will allow our Nation to build the next-generation spaceflight vehicles that will
deliver humans and cargo to the ISS and the Moon, then on to other destinations in our solar
system. NASA’s FY 2010 budget advances the development of these systems with a $4.0
billion request for Exploration in FY 2010, which is an increase of five percent from the previous
plan for FY 2010.

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010* FY 2011* FY 2012* FY 2013* FY 2014*
[FY 2010 President's Budget Request 3,299.4 3,9055 3,963.1 6,076.6 6,028.5 5,966.5 6,195.3
Constellation Systems 2,675.9 3,433.2 3,5054 5,543.3 54720 54076 5,602.6
Advanced Capabilities 623.5 472.3 457.7 533.3 556.5 558.9 592.7
FY 2009 President's Budget Request 3,143.1 3,500.5 3,737.7 7,048.2 7,116.8 7,666.8 -
Constellation Systems 2,471.9 3,048.2 3,252.8 6,479.5 6,521.4 7,080.5 -
Advanced Capabilities 671.1 452.3 484.9 568.7 595.5 586.3 -
Total Change from FY2009 President's
Budget Request 156.3 405.0 225.4 -971.6 -1,088.3 -1,700.3

*Following the human spaceflight review, the Administration will provide an updated request for
Exploration activities reflecting the review's results.

In the summer of 2009 NASA will review ongoing Exploration activities as well as alternatives to
ensure the Nation is pursuing the best technical solution for future human spaceflight — one that
is safe, innovative, and affordable. The review will develop suitable options for U.S. human
space flight activities beyond retirement of the Space Shuttle in 2010, leading to a plan that will
be presented to Congress regarding the core transportation elements and related aspects of a
U.S.-led human space flight architecture that would support both crew transportation and rescue
missions to the International Space Station and missions to the Moon and other destinations
beyond low Earth orbit.

The review will be led by an independent, blue-ribbon team of experts, drawing extensively on
resources and personnel from NASA. The review will consider architectures that are capable of
supporting the two broad mission areas described above and incorporate both government
and/or commercial elements. It will examine the appropriate amount of R&D and
complementary robotic activities necessary to make human space flight activities affordable and
productive over the long term, as well as appropriate opportunities for international participation.
It will also evaluate what capabilities would be enabled by the potential architectures under
consideration and will assess the implications of operating the International Space Station past
2016. The detailed FY 2010 and outyear funding levels for individual exploration activities
presented in this document are placeholders. Following conclusion of the review, the
Administration will provide an updated request for exploration that reflects the outcome of the
review.

The Constellation Program is working to complete the formulation phase of its projects — in
particular Ares |, Orion, and major ground facilities. Development work is underway, contracts
are in place, and civil servants and contractors are working hard to accomplish Constellation
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Program objectives. The Ares I-X test flight, planned for 2009, will lay the groundwork for
maturing the Ares | final design prior to its Critical Design Review (CDR). When launched later
this year from NASA’s Kennedy Space Center in Florida, the Ares I-X will climb about 25 miles
in a two-minute powered test of first stage performance, as well as the separation and
parachute recovery system. Work on the Orion project also continues to advance. Later this
year, Orion’s PA-1 test will take place at White Sands Missile Range, New Mexico. PA-1 will
demonstrate the Launch Abort System’s ability to carry crew to safety should there be an
emergency while the Orion and Ares | stack is on the launch pad.

As part of the Commercial Crew and Cargo Program and its associated Commercial Orbital
Transportation Services (COTS) projects, NASA is investing in two funded COTS partners,
Space Exploration Technologies Corporation (SpaceX) of El Segundo, California, and Orbital
Sciences Corporation of Dulles, Virginia. Recently, SpaceX successfully operated the full
complement of the first stage engines of the Falcon 9, the SpaceX launch vehicle. Orbital
continues to progress in achieving engineering milestones, and will enter PDR in May. In
addition, NASA has two non-funded COTS partners. In FY 2009, an additional $150 million in
Recovery Act funds has been committed to begin the development of commercial crew launch
capabilities.

The transition of NASA facilities, infrastructure, property, processes and personnel from the
Space Shuttle Program to the Constellation Program continues to be a major activity. This joint
effort between the Space Operations and Exploration Systems Mission Directorates is focused
on leveraging existing Shuttle and Space Station assets for NASA'’s future Exploration activities.

NASA'’s Advanced Capabilities activity in the Human Research Program (HRP) and the
Exploration Technology Development Program (ETDP) continues to reduce risk for human
explorers of the Moon and beyond by conducting research and developing new technologies
to aid future explorers. The Lunar Precursor Robotic Program will launch the Lunar
Reconnaissance Orbiter (LRO) and the Lunar Crater Observing and Sensing Satellite
(LCROSS). LRO will map and image the lunar surface and LCROSS will attempt to identify
water in a permanently shadowed crater.
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Space Operations

The President’s FY 2010 budget funds the safe flight of the Space Shuttle to complete the ISS,
and then retire the Shuttle. NASA is committed to completing the nine remaining scheduled
shuttle flights, which we believe can be accomplished by the end of 2010. NASA'’s request for
Space Operations is $6.2 billion in FY 2010, an increase of $0.4 billion from FY 2009 enacted.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 5,427.2 5,764.7 6,175.6 3,663.8 3,485.3 3,318.6 3,154.8
Space Shuttle 3,2954 2,981.7 3,157.1 382.8 87.8
International Space Station 1,685.5 2,060.2 2,267.0 2,548.2 2,651.6 2,568.9 2,405.9
Space and Flight Support (SFS) 446.2 722.8 751.5 732.7 745.9 749.7 748.9

FY 2009 President's Budget Request 5,526.2 5,774.7 5,872.8 2,900.1 3,089.9 2,788.5 -

Space Shuttle 3,266.7 2,981.7 2,983.7 95.7 -
International Space Station 1,813.2 2,060.2 2,277.0 2,176.4 2,448.2 2,143.1 -
Space and Flight Support (SFS) 446.3 732.8 612.1 628.0 641.7 645.4 -

Total Change from FY2009 President's
Budget Request -99.0 -10.0 302.8 763.7 395.4 530.1

NASA and its Russian, Japanese, European, and Canadian ISS partners are working together
to realize one of the most inspiring dreams of the last 50 years: the establishment of a station in
Earth orbit for the conduct of various types of research. The recent delivery of the Station’s final
set of solar arrays and other equipment by the crew of STS-119 represents a key step toward
this goal. Two significant milestones are now approaching. In May, the ISS will host its first six-
person crew. In June, the STS-127 mission will deliver the third and final component of the
Japanese Kibo laboratory. The addition of Kibo’s Exposed Facility will join the European
Columbus module and the U.S. Destiny module to complete the three major international
science labs on ISS, setting the stage for utilization of ISS as a highly capable microgravity
research facility.

The ISS is an unparalleled international cooperative effort and provides a U.S. National
Laboratory in orbit. Scientists will be able to conduct biomedical and engineering research from
a unique vantage point. Some of the work will increase our knowledge of the effects of long-
duration human space flight, which is critical for the design and operation of future human space
vehicles, including those being developed under the Constellation Program to return U.S.
astronauts to the Moon and explore other destinations. Other research will not be focused on
space exploration, but may have significant applications right here on Earth. Medical research,
for example, may be applicable to the development of vaccines; NASA’s research aboard the
Space Shuttle and ISS into salmonella has already increased our knowledge in this area. In the
key areas of energy and the environment, the ISS serves as a daily demonstration of “green”
technologies and environmental management techniques. The ISS receives 120kW of power
from its solar arrays to operate the Station and run experiments. The ISS environmental system
is designed to minimize the amount of mass that has to be launched from Earth to support the
Station, so recycling is a must. STS-119 supplied ISS with a replacement Distillation Assembly
for Station’s water recycling system, which is key for supporting a full six-person crew for
extended periods of time. Given the central role science and technology play in our society, it is
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important that the United States maintain a leadership role in these fields. The availability of a
research laboratory in the microgravity environment of space will support this aim.

NASA is relying on U.S. industry to develop vehicles to deliver supplies and experiments to the
ISS. In December 2008, the Agency awarded two Commercial Resupply Services (CRS)
contracts for the provision of this critical capability. Cargo resupply is important for the
continued viability and utilization of ISS. In addition, the vendors involved will gain valuable
experience in the development and operation of vehicles that can (1) fly to the ISS orbit; (2)
operate in close proximity to the ISS and other docked vehicles; (3) dock to ISS; and, (4) remain
docked for extended periods of time.

Another important benefit from Space Shuttle missions and ISS research are ultimately reflected
in the programs’ ability to inspire the next generation of Americans. This was reflected recently
in the delighted faces of students who participated in the uplinked phone call between President
Obama and the crews of the ISS and STS-119 on March 24. The ISS will support the
President’s goal of making math and science education a national priority by demonstrating
what can be accomplished through science and engineering, and by inspiring both teachers and
students.

Space Communications provides the enabling communications services to NASA's human and
robotic flight missions and addresses future sustainment/upgrade requirements for all the
Agency's communications networks. Launch Services provides safe, reliable, cost-effective,
and on-time launch services for NASA and NASA-sponsored payloads using expendable launch
vehicles. The Rocket Propulsion Test Program reviews, approves and provides direction on
rocket propulsion test assignments. Crew Health and Safety provides support to the provision of
medical care for the Astronaut Corps and the Human Space Flight Operations provides trained
crew members for all NASA human space flight endeavors.
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Education

In FY 2010, NASA will continue its successes in developing a future aerospace workforce,
improving the technological competitiveness of our Nation’s universities, attracting and retaining
students in science, technology, engineering and mathematics (STEM) disciplines, and
engaging the public in NASA’s missions. NASA will accomplish these goals by offering
competitive research grants to universities, providing targeted educational support to Minority
Serving Institutions (MSls), and strengthening curricula at two-year community colleges.
NASA’s plans to streamline and centralize internship and fellowship application processes will
realize cost savings and facilitate student access to information while attracting a wider, more
diverse participant base. The Agency is also seeking new opportunities for student involvement
in current space and aeronautics research missions and flight projects, including those using
high altitude balloons, sounding rocket payloads, airborne sensors, and space satellites. NASA
will further these efforts through a new project, Innovation in STEM Education, which will allow
the Agency to investigate and offer opportunities for student and faculty to participate in NASA-
related research. NASA'’s request for Education is $126 million in FY 2010.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

FY 2010 President's Budget Request 146.8 169.2 126.1 123.8 123.8 123.8 125.5
Education 146.8 169.2 126.1 123.8 123.8 123.8 125.5

FY 2009 President's Budget Request 146.8 115.6 126.1 123.8 123.8 123.8 -
Education 146.8 115.6 126.1 123.8 123.8 123.8 -

Total Change from FY2009 President's
Budget Request 0.0 53.6 0.0 0.0 0.0 0.0

NASA will further pursue a goal to attract and retain students in STEM disciplines in the
upcoming fiscal year. Last year, the Interdisciplinary National Science Program Incorporating
Research & Education (INSPIRE) program engaged over 200 high schools in STEM areas, and
NASA Explorer Schools conducted instructional and enrichment activities that reached over
105,000 students. The March 2009 STS-119 mission also provided a unique educational
opportunity as two Mission Specialists who are science teachers, Joe Acaba and Richard
Arnold, were part of the crew. NASA Education continues to provide internships, fellowships,
and research opportunities to help students and educators gain hands-on experiences in a
range of STEM-related areas. These opportunities provide students with the motivation,
inspiration, and experience needed to serve the Nation's current and future workforce needs. In
FY 2008, the Agency provided more than 3,000 summer internships, reached 5,331 students
through significant research experience or grants, and provided 139 grants to underrepresented
and underserved institutions.

NASA will also engage elementary and secondary school and informal education audiences by
using Earth and deep space observations, the flight experience of Educator Astronaut Dorothy
Metcalf-Lindenburger aboard STS-131, as well as future missions to the Moon and other
destinations. New technologies such as social networks, Internet collaborations, a new virtual
magnet school, and remote control of science instruments will expand and enhance these
efforts. In FY 2010, NASA also plans to provide an online professional development system for
students training to become educators, in-service teachers, and informal educators.
Additionally, NASA will promote continuous public awareness of its mission and improvement to
STEM literacy by partnering with informal education providers, which allows Agency partners to
share the excitement of NASA missions with their visitors in meaningful ways.
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Cross-Agency Support

NASA Cross-Agency Support provides critical mission support activities that are necessary to
ensure the efficient and effective operation and administration of the Agency but cannot be
directly aligned to a specific program or project requirement. These important functions align
and sustain institutional and program capabilities to support NASA missions by leveraging
resources to meet mission needs, establishing Agency-wide capabilities, and providing
institutional checks and balances. Cross-Agency Support includes Center Management and
Operations, Institutional Investments, and Agency Management and Operations. NASA’s
request for Cross-Agency Support is $3.4 billion in FY 2010.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

FY 2010 President's Budget Request 3,251.4 3,356.4 3,400.6 3,468.4 3,525.7 3,561.4 3,621.4
Center Management and Ops 2,011.7 2,024.0 2,084.0 2,119.2 21425 2,166.1 2,189.9
Agency Management and Ops 834.1 921.2 961.2 956.9 964.5 972.3 981.5
Institutional Investments 325.5 343.7 355.4 392.3 418.7 423.0 450.0
Congressionally Directed ltems 80.0 67.5

FY 2009 President's Budget Request 3,242.9 13,2999 3,323.9 3,363.7 3,436.1 3,511.3 -

Center Management and Ops 2,013.0 2,0456 2,046.7 2,088.0 2,155.3 2,211.6 -
Agency Management and Ops 830.2 945.6 945.5 939.8 950.5 961.3 -
Institutional Investments 319.7 308.7 331.7 335.9 330.4 338.3 -
Congressionally Directed ltems 80.0 -

Total Change from FY2009 President's
Budget Request 8.5 56.5 76.7 104.7 89.6 50.1

Center Management and Operations funds the ongoing management, operations, and
maintenance of nine NASA Centers and major component facilities. NASA Centers continue to
provide high-quality support and the technical talent for the execution of programs and projects.

Institutional Investments funds design and execution of non-programmatic revitalization
construction of facilities projects, demolition projects for closed facilities, and environmental
compliance and restoration activities. The Construction of Facilities Program makes capital
repairs and improvements to NASA's critical infrastructure to improve safety and security and
improve NASA's operating efficiency by reducing utility usage. NASA continues to right size the
infrastructure by demolishing facilities that are no longer needed. Emphasis has been placed on
energy and water conservation. NASA currently has 5 buildings certified under the Leadership in
Energy and Environmental Design (LEED) criteria, 3 additional buildings that are built and
awaiting certification as LEED Silver facilities, and 13 buildings in various stages of design and
construction as High Performance Buildings expected to be LEED-certified when completed.

Agency Management and Operations funds the management and oversight of Agency missions,
programs, and functions, and performance of NASA-wide activities, through the following five
programs:

e Agency Management supports executive-based, Agency-level functional and administrative
management requirements. Agency Management provides for the operational costs of
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Headquarters as an installation; funding and management of Agency-wide institutional and
statutory requirements for centralized Agency functions; assessment and evaluation of NASA
program and mission performance; strategic planning; and independent technical
assessments of Agency programs.

o Safety and Mission Success funds activities required to strengthen and enable the
fundamental and robust cross-checks applied on the execution of NASA's mission, and to
improve the likelihood for safety and mission success for NASA's programs, projects, and
operations. The engineering, safety and mission assurance, health and medical independent
oversight, and technical authority components are essential to NASA's success and were
established in direct response to the Challenger and Columbia shuttle accident board
recommendations for independent funding of these efforts. Included under Safety and
Mission Assurance is the Independent Verification and Validation program.

e Agency Information Technology Services funds cross-cutting services and initiatives in IT
management, applications, and infrastructure necessary to enable the NASA Mission and
improve security, integration and efficiency of Agency operations. NASA plans significant
emphasis on implementation of five Agency-wide procurements to achieve the following: (1)
consolidation of IT networks to improve network management, (2) consolidation of
desktop/laptop computer services and mobile devices to improve end-user services, (3) data
center consolidation to provide more cost-effective services, (4) Agency public web site
management to improve access to NASA data and information by the public, and (5) Agency
business systems development and maintenance to provide more efficient and effective
business systems. NASA will also continue to improve security incident detection, response,
and management through the Security Operations Center.

e The Innovative Partnerships Program (IPP) funds leveraged technology investments, dual-
use technology-related partnerships, and technology solutions for NASA. IPP implements
NASA's Small Business Innovation Research and Small Business Technology Transfer
Programs which seek out high-technology small businesses to address key technology needs
for NASA, and facilitates the protection of NASA's rights in its inventions and the transfer of
that technology for commercial application and public benefit. IPP is establishing a new
Innovative Technology Project that is intended to identify and competitively select low-
maturity basic research projects that can enable new and more capable missions in the
future. IPP manages a Seed Fund to address technology needs through cost-shared, joint-
development partnerships and the Centennial Challenges Program to stimulate innovation
and competition in space operations, exploration and aeronautics technologies of value to
NASA and the nation through prize contests. Centennial Challenge competitions have
spurred the creation of new businesses and products, including innovations in pressure suit
gloves and reusable rocket engines. IPP also transfers NASA technology to industry for
public benefit; in 2008, 50 new examples of transfer of NASA innovation to the commercial
market place were publicized in areas such as health and medicine, transportation, public
safety, consumer goods, homes and recreation, environmental and agricultural resources,
computer technology, and industrial productivity.

e The Strategic Capabilities Assets Program (SCAP) funds the costs required to sustain key
Agency test capabilities and assets, such as an array of flight simulators, thermal vacuum
chambers, and arc jets, to ensure mission success. SCAP ensures that assets and
capabilities deemed vital to NASA's current and future success are sustained in order to serve
Agency and national needs. All assets and capabilities identified for sustainment either have
validated mission requirements or have been identified as potentially required for future
missions.

SUM-16



NASA FY 2010 Budget Request Summary

Inspector General

The OIG Office of Audits (OA) conducts independent, objective audits and reviews of NASA and
NASA contractor programs and projects to improve NASA operations, as well as a broad range
of professional audit and advisory services. It also comments on NASA policies and is
responsible for the oversight of audits performed under contract. OA helps NASA accomplish its
objectives by bringing a systematic, disciplined approach to evaluate and improve the economy,
efficiency, and effectiveness of NASA operations.

The OIG Office of Investigations (Ol) identifies, investigates, and refers for prosecution cases of
crime, waste, fraud, and abuse in NASA programs and operations. The OIG's federal law
enforcement officers investigate false claims, false statements, conspiracy, theft, computer
crimes, mail fraud, and violations of federal laws, such as the Procurement Integrity Act and the
Anti-Kickback Act. Through its investigations, Ol also seeks to prevent and deter crime at
NASA. NASA'’s request for Inspector General is $36.4 million in FY 2010.

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014

FY 2010 President's Budget Request 32.6 35.6 36.4 37.0 37.8 38.7 39.6|
Inspector General 32.6 35.6 36.4 37.0 37.8 38.7 39.6]

FY 2009 President's Budget Request 32.6 35.5 36.4 373 38.3 39.2 -
Inspector General 32.6 35.5 36.4 37.3 38.3 39.2 -

Total Change from FY2009 President's
Budget Request 0.0 0.1 0.0 -0.3 -0.5 -0.5 -
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Overview

NASA leads the nation on a great journey of discovery, asking profound questions that touch us all:

What are the origin and destiny of the universe?

How did the galaxies, stars, and planetary bodies form and evolve?
How is our planet changing, and what are the consequences?

How did life originate and evolve?

Are we alone?

O O0Oo0OO0Oo

NASA performs scientific exploration enabled by space observatories and space probes, viewing the Earth from
space, visiting the Moon and other bodies in the solar system, returning samples from them, and looking out into
our Galaxy and beyond.

From space, we can view the Earth as a planet and study it as a complex, interacting dynamic system with
diverse components: the oceans, atmosphere, continents, ice sheets, and life itself. We observe and track
global-scale changes, and we study regional changes in their global context. We observe the role that human
civilization increasingly plays as a force of change. Through partnerships with other agencies that maintain
forecast and decision support systems, we improve national capabilities to predict climate, weather, and natural
hazards, to manage resources, and to support the development of environmental policy. These activities and
other NASA research on our home planet are an essential part of national and international efforts to employ
Earth observations and scientific understanding in service to society.

We extend humankind's virtual presence throughout the Solar System via robotic space probes to other planets
and their moons, to asteroids and comets, and to icy bodies of the outer solar system. We are completing
humankind's first basic reconnaissance of the Solar System by sending one mission to fly by Pluto and another
that will visit two world-sized asteroids, Ceres and Vesta. We are in the midst of a large-scale investigation of
Mars, launching a series of ever more capable orbiters, landers, and rovers. And we are directing our attention
to certain moons of the giant planets where we see intriguing signs of surface activity and of liquid water within,
knowing that on Earth, where there is water and an energy source there is also life.

Our solar system is very much governed by the Sun, a main-sequence star midway through its stellar life.
Through the eyes of multiple spacecraft, we see the solar system as a "heliosphere," an interconnected system
with diverse components. At the center of the heliosphere, solar radiation controls the climate and sustains the
biosphere of Earth, causes modifications to the ozone layer, and has effects on radio and radar transmissions,
electrical power grids, and spacecraft electronics. We seek to understand how and why the Sun varies, how
planetary systems respond, and how human activities are affected. As human presence expands beyond the
confines of Earth, this science will enable the space weather predictions necessary to safeguard the outward
journeys of human and robotic explorers.

Some of the greatest minds of the last century discovered wondrous things about our astrophysical universe --
the Big Bang and black holes, dark matter and dark energy, and the interrelated nature of space and time. Their
theories challenge NASA to use observations from space to test the limits of our understanding. Having
measured the age of the universe, we now seek to explore its ultimate extremes -- its birth, the edges of space
and time near black holes, and the dark energy filling the entire universe. We seek to understand the
relationship between the smallest of subatomic particles and the vast expanse of the cosmos. And having
discovered hundreds of planets around other stars, humankind now seeks to find Earth-like planets and
understand the diversity of planetary systems.

This is NASA's science vision: to achieve a deep scientific understanding of our planet, other planets and solar
system bodies, our star system in its entirety, and the universe beyond.
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FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 4,733.2 4,903.0 4,477.2 4,747.4 4,890.9 5,069.0 5,185.4
Request

Earth Science 1,237.4 1,704.6 1,405.0 1,500.0 1,550.0 1,600.0 1,650.0
Planetary Science 1,312.6 1,325.6 1,346.2 1,500.6 1,577.7 1,600.0 1,633.2
Astrophysics 1,395.6 1,281.2 1,120.9 1,074.1 1,042.7 1,126.3 1,139.6
Heliophysics 787.6 591.6 605.0 672.6 720.5 742.7 762.6
FY 2009 President's Budget 4,706.2 4,441.5 4,482.0 4,534.9 4,643.4 4,761.6 -
Request

Earth Science 1,280.3 1,367.5 1,350.7 1,250.9 1,264.4 1,290.3 -
Planetary Science 1,247.5 1,334.2 1,410.1 1,537.5 1,570.0 1,608.7 --
Astrophysics 1,337.5 1,162.5 1,122.4 1,057.1 1,067.7 1,116.0 -
Heliophysics 840.9 577.3 598.9 689.4 741.2 746.6 -
Total Change from FY 2009 27.0 461.5 -4.8 212.5 247.5 307.4 --
President's Budget Request

Note: In all budget tables, the FY 2010 President's Budget Request depicts the September 2008 Operating Plan for the 2008
Actuals and the 2009 Omnibus Appropriations Act (P.L. 111-8) and the American Recovery and Reinvestment Act (P.L. 111-5)
for the 2009 enacted. Starting in FY 10, the NEOO project moves from Earth Science to the Planetary Science theme and Astro-
H moves from Heliophysics to the Astrophysic theme.
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Plans for FY 2010

Science

Earth Science

New Initiatives:

Consistent with the American Recovery and Act of 2009, the FY 2010 Budget request for Earth Science (and
its FY 2011-14 runout) reflects a significant commitment to Earth Science on the part of the new
Administration. In total, projected Earth Science funding from FY 2009-2013 is increased by approximately
$1.2 billion, allowing significant progress towards the goals of identified in the National Research Council's
2007 Decadal Survey report, "Earth Science and Applications from Space: National Imperatives for the Next
Decade and Beyond", as detailed below.

Major Changes:

The Decadal Survey Tier-1 Soil Moisture Active-Passive (SMAP) and Ice, Cloud and Land Elevation Satellite
2 (ICESat-2) missions have been accelerated to the maximum extent possible, and are planned for launch in
late 2013/early 2014 and late 2014/early 2015, respectively.

NASA is initiating a new series of competed "Venture-class" missions. These missions, which may include

suborbital payloads, instruments to be flown on non-NASA spacecraft, or small dedicated spacecraft, will be
selected via an Announcement of Opportunity. Selection of the first Venture-class mission(s) is planned for
FY 2010.

The budget for LDCM, planned for launch in December 2012, now includes the cost of a thermal infrared
instrument, consistent with Congressional direction in the FY09 appropriation.

NASA has already begun a new Airborne Science campaign, called IceBridge, to "bridge the gap" between
ICESat | and ICESat Il data. This activity, focusing on changes in Greenland and arctic ice, will continue in
FY 2010 and beyond.

For the first time, all Science missions in development are conservatively budgeted at the "70%" confidence
level. Hopefully, this will minimize future overruns and disruptions of the portfolio.

Major Highlights for FY 2010

Besides the acceleration of SMAP and ICESat-2, the other Tier-1 missions -- Deformation, Ecosystem
Structure, and Dynamics of Ice (DESDynl) and Climate Absolute Radiance and Refractivity Observatory
(CLARREO) -- are preparing to enter formulation phase, towards planned launches in the middle of the next
decade. Detailed mission studies and science community workshops for all five Tier-2 missions will prepare
them to follow the Tier-1 missions.

NASA will continue to implement five precursor Earth Science missions, Glory, Aquarius, NPOESS
Preparatory Project (NPP), Landsat Data Continuity Mapper (LDCM), and Global Precipitation Measurement
(GPM) for launch between 2009 and 2014.

The budget will fund operations of approximately 15 on-orbit Earth Science missions in FY2010, while
maintaining robust Research and Analysis, Applied Sciences, and Technology Development programs.

NASA is determining how best to meet the lost science contribution after the Orbiting Carbon Observatory
(OCO) launch vehicle failure. We have initiated studies to examine both science and hardware
considerations. The science study is assessing the current state of carbon cycle science and existing
measurements to see what course of action would best address the key science issues. On the hardware
side, NASA is examining reflight opportunities, including, but not limited to, flying an OCO-like instrument on
a shared platform or as a dedicated mission.

Planetary Science

New Initiatives:
None
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Major Changes:

The FY 2010 Budget proposal for Planetary Science includes more conservative estimates for many
projects, reflecting a balanced portfolio that fits more realistically within budget constraints. For instance, the
Juno mission to Jupiter, and the Gravity Recovery and Interior Laboratory (GRAIL) mission to the Moon,
have entered development phase, and consistent with NASA policy, their budgets now reflect independent
cost estimates at the 70% confidence level.

Previous cost estimates for the major Outer Planet Flagship (OPF) and Mars Sample Return (MSR) missions
have been determined to be unrealistic. Studies of potential future OPF missions will continue, but the start
of OPF development will be delayed by several years. We have re-established a balanced Mars exploration
program, with a launch at every opportunity (about every 26 months) after 2011; launch of MSR is no longer
expected until well after 2020.

Since the release of the FY2009 Budget request, NASA selected the Mars Atmosphere and Volatile
EvolutioN (MAVEN) Mars Scout mission, for launch in 2013. The launch of Mars Science Laboratory (MSL)
was delayed until late 2011.

A new Lunar Quest program has been established, incorporating activities previously funded under the
Planetary Science Research program. Funding for Near Earth Object Observations (NEOO) has been
transferred from Earth Science, and is now part of Planetary Science Research.

Major Highlights for FY 2010

Announcements of Opportunity for new missions in the Discovery and New Frontiers programs are planned
during FY2009 and early FY2010 respectively, with concept study selections in FY2010. The selected
Discovery mission may launch as early as 2014, and the selected New Frontiers mission may launch as
early as 2018. Planning will begin for a Mars 2016 mission, with the potential for a cooperative mission with
the European Space Agency's (ESA) ExoMars mission.

NASA will continue to implement six Planetary Science missions in development or formulation: MSL, Juno,
the Gravity Recovery and Interior Laboratory (GRAIL), the Lunar Atmosphere and Dust Environment
Explorer (LADEE), MAVEN, and the first two U.S. landers in the International Lunar Network (ILN).

The budget will fund operations of approximately 13 ongoing Planetary Science missions in FY2010, while
maintaining robust Research and Analysis and Technology programs.
Astrophysics
New Initiatives:
None

Major Changes:

In June 2008, NASA selected the High Resolution Soft X-ray Spectrometer (SXS) instrument as an Explorer
Mission of Opportunity, and is scheduled to fly on the Japanese Astro-H mission in 2013.

The James Webb Space Telescope (JWST) has entered development phase, and consistent with the new
NASA policy, the JWST budget now reflects independent cost estimates at the 70% confidence level.

For the first time, all Science missions in development are conservatively budgeted at the "70%" confidence
level. Hopefully, this will minimize future overruns and disruptions of the portfolio.

Major Highlights for FY 2010
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The Herschel, Planck, and Kepler missions are expected to be in their first full year of operations, following
launch in FY09. The Wide-field Infrared Spectroscopic Explorer (WISE) mission is scheduled for launch in
early FY2010. NASA will continue to support seven other Astrophysics missions in development or
formulation: JWST, Nuclear Spectroscopic Telescope Array (NUSTAR), SXS, Stratospheric Observatory for
Infrared Astronomy (SOFIA), JDEM, the International X-ray Observatory (IXO/Constellation-X), and the
Laser Interferometer Space Antenna (LISA).

The budget will fund operations of approximately eight ongoing Astrophysics missions in FY2010, including
Fermi, HST, Spitzer Space Telescope, Chandra X-ray Observatory, Swift, Suzaku, Galaxy Evolution
Explorer, and Wilkinson Microwave Anisotropy Probe. Early science flights of SOFIA will begin. The budget
also maintains robust Research and Analysis and Scientific Balloon programs.

Heliophysics

New Initiatives:
None

Major Changes:

In May 2008, NASA selected six candidate Small Explorer (SMEX) mission proposals for further evaluation.
Final selection of up to two missions for development and launch is expected in 2009.

In June 2008, NASA selected the Global-scale Observations of the Limb and Disk (GOLD) instrument, for
additional study as a potential Explorer Mission of Opportunity, to be flown on a future commercial satellite. If
approved for development and launch, GOLD would help determine how the Earth's outer atmosphere
responds to external forces.

NASA selected the Balloon Array for Radiation-belt Relativistic Electron Losses (BARREL) as a new Living
With a Star Mission of Opportunity. BARREL seeks to measure the precipitation of relativistic electrons from
the radiation belts using multi-balloon campaigns, starting in FY 2012.

For the first time, all Science missions in development are conservatively budgeted at the "70%" confidence
level. Hopefully, this will minimize future overruns and disruptions of the portfolio.

The Radiation Belt Storm Probes (RBSP) mission completed preliminary design, and has entered
development. Consistent with NASA policy, the RBSP budget reflects independent cost estimates at the
70% confidence level.

Incorporating more conservative budget estimates for RBSP and other missions does not leave sufficient
funding to support a Solar Probe mission in 2015; the mission is now scheduled for 2018, which is the next
desirable launch window.

Major Highlights for FY 2010
The Solar Dynamics Observatory is expected to launch in October/November of 2009.

NASA will continue to support the RBSP and Magnetospheric Multiscale (MMS) missions, for launch in 2012
and 2014 respectively.

The budget will fund operation and data analysis of approximately 16 ongoing Heliophysics missions in
FY2010, while maintaining robust Research and Analysis and Sounding Rocket operations programs.
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Mission Directorate: Science

Theme: Earth Science

Theme Overview

NASA's Earth Science Theme supports breakthrough research to advance fundamental knowledge on
the most important scientific questions on the global and regional integrated Earth system. NASA's
activities encompass the global atmosphere; the global oceans including sea ice; land surfaces
including snow and ice; ecosystems; and interactions between the atmosphere, oceans, land, and
ecosystems, including humans. NASA's goal is to understand the Earth system and the changing
climate and, in association with national and international partners, apply this understanding for the
well-being of society. A key strategic element is sustained simultaneous observations to unravel the
complexity of the global integrated Earth system.

NASA accomplishes its goals through continuous interactions among its four major elements: Flight
Programs develops satellite missions; Research and Analysis redeems the investment in
measurements by advancing scientific understanding, while also identifying the foci for the next
generation of missions; Technology develops new technology and enables the next generation of
effective satellite and airborne instruments; and, Applied Sciences advances the rapid and effective
use of ESD measurements and scientific understanding by other Federal, state, local and tribal
organizations.

NASA operates fifteen satellite missions that make well-calibrated global observations with high-
spatial and high-temporal resolution. NASA aircraft- and surface-based instruments calibrate,
complement, and enhance interpretation of satellite measurements. NASA supports state-of-the-art
computing capability and capacity for global integrated Earth system modeling. NASA missions
produce nearly 4 terabytes of data every day, and NASA maintains the world's largest scientific data
and information system for collecting, processing, archiving, and distributing Earth system data to
worldwide users.

NASA has five missions in formulation and development. Two Decadal Survey missions have
preliminary launch readiness dates of late 2013/early 2014 and late 2014/early 2015, and other
Decadal Survey missions are in pre-formulation studies.

Seven in-orbit satellite missions provide data in near-real time to the National Oceanic and

Atmospheric Administration for operational forecasts of weather, hurricanes, air quality, and harmful
algal blooms. Ten of the in-orbit missions are conducted with fourteen international partners
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Theme:

FY 2010 Budget Request

Science
Earth Science

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 12374  1,7046|( 1.405.0| 15000 15500 1.600.0 1.650.0
Earth Science Research 358.3 437.4 397.5 407.5 404.2 416.8 412.1
Earth Systematic Missions 546.1 898.9 7155 725.4 786.4 818.8 867.6
Earth System Science Pathfinder 106.8 118.3 63.9 128.8 114.2 121.4 119.1
Earth Science Multi-Mission Operations 143.0 148.1 149.9 160.3 165.4 161.3 165.5
Earth Science Technology 43.0 54.1 45.9 47.2 48.2 49.5 52.7
Applied Sciences 40.2 47.8 32.2 30.7 315 32.2 33.1
FY 2009 President's Budget Request 1.280.3  1.367.5| 1.350.7| 1.2509  1.2644  1,290.3 =
Earth Science Research 375.8 380.6 388.2 390.6 400.7 409.3 --
Earth Systematic Missions 530.1 677.9 661.5 583.2 563.6 569.6 --
Earth System Science Pathfinder 113.8 88.6 58.8 37.4 50.0 54.9 -
Earth Science Multi-Mission Operations 167.8 140.5 159.1 157.9 166.5 170.9 -
Earth Science Technology 47.3 46.1 49.2 50.6 51.6 52.8 --
Applied Sciences 45.4 33.8 33.8 31.3 321 32.8 --
Total Change from FY 2009 Request -42.9 337.0 54.3 249.1 285.6 309.7 --

Note: Includes $325M of Recovery Act funding in FY09. Starting in FY 10, the NEOO project is in the Planetary theme.
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Mission Directorate: Science

Theme: Earth Science

Plans for FY 2010

Earth Science Research

As a result of the funding provided by the American Recovery and Reinvestment Act of 2009, and a
significant commitment by the new Administration to Earth Science in FY2010-14, NASA has already begun a
new Airborne Science campaign, called IceBridge, to "bridge the gap" between ICESat | and ICESat Il data.
This activity, focusing on changes in Greenland and arctic ice, will continue in FY 2010 and beyond.

The Science Mission Directorate will issue Research Opportunities in Space and Earth Science 2009
(ROSES-09), a research announcement covering all of the planned research solicitations in Earth Science
Research for FY 2009; the FY 2010 budget will fund the competitively selected activities. Roughly a third of
the Earth Science Research budget is competed each year through ROSES. The resulting grants are
generally funded for three years following the selections. Given the average of a three-year funding cycle,
many of the research activities carried out in FY 2010 will be tasks initiated in FY 2008 and FY 2009 based on
solicitations included in ROSES-07 and ROSES-08, respectively. Selections based on ROSES 08
solicitations are on-going and are addressing a number of Earth Science research areas, including ocean
circulation, the effect of decreasing sea ice cover on climate, energy and water cycle, arctic research of the
composition of the troposphere, geodetic imaging, global modeling of the Earth System, hurricane science
and biodiversity (first-ever NASA research solicitation). In addition the Research Program develops and tests
experimental techniques and algorithms that contribute to future Decadal Survey missions.

Earth Systematic Missions

As a result of the funding provided by the American Recovery and Reinvestment Act of 2009, and a
significant commitment by the new Administration to Earth Science in FY 2010-14, significant progress can be
made towards the goals identified in the National Research Council (NRC) 2007 report, "Earth Science and
Applications from Space: National Imperatives for the Next Decade and Beyond". The Soil Moisture Active-
Passive (SMAP) and Ice, Cloud, and Land Elevation Satellite (ICESat Il) missions will be pursued
aggressively, leading to projected launches in late 2013/early 2014 and late 2014/ early 2015 respectively.
Studies of the next two Decadal Survey missions, the Climate Absolute Radiance and Refractivity
Observatory (CLARREO) and the Deformation, Ecosystem Structure, and Dynamics of Ice (DESDynl), will
also intensify.

NASA has also begun development of the Thermal Infrared Sensor (TIRS) instrument, which is now fully
funded within the LDCM Project.

The following other activities will be undertaken in FY 2010:

- GPM will complete its Preliminary Design Review followed by Confirmation Review and KDP-C,
- NPP will complete its satellite pre-environmental review,

- Glory will have its Launch Readiness Review, followed by the launch of the spacecraft, and

- LDCM will complete its instrument Critical Design Review and Mission Critical Design Review.

All operating missions will be a part of the 2009 Senior Review, to determine whether extended operations
are warranted.
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Theme: Earth Science

Plans for FY 2010

Earth System Science Pathfinder

Aquarius/SAC-D observatory will have completion of environmental testing, Operational Readiness Review
and mission launch. All operating missions will be reviewed during the 2009 Senior Review process to
determine whether extended operations are warranted.

NASA is determining how best to meet the lost science contribution after the Orbiting Carbon Observatory
(OCO) launch vehicle failure. We have initiated studies to examine both science and hardware
considerations. The science study is assessing the current state of carbon cycle science and existing
measurements to see what course of action would best address the key science issues. On the hardware
side, NASA is examining reflight opportunities, including, but not limited to, flying an OCO-like instrument on a
shared platform or as a dedicated mission.

In response to the NRC report, NASA is initiating a new series of competed "Venture-class" missions. These
missions, which may include suborbital payloads, instruments to be flown on non-NASA spacecraft, or small
dedicated spacecraft, will be selected via an Announcement of Opportunity. Selection of the first Venture-
class mission(s) is planned for FY 2010.

Earth Science Multi-Mission Operations

The Earth Science Multi-Mission Operations Program will continue the operation of the Earth Observing
System Data and Information System (EOSDIS), the Distributed Active Archive Centers (DAACSs) and its
accompanying functions, as well as Core System Science Data Processing Systems. The maintenance of
these systems is important to the collection of data from Earth Science satellites in orbit, as well as to the
continuity of Earth Science research efforts.

Step 1 of the 'Evolution of EOSDIS Elements' (EEE) effort, begun in 2006, is essentially complete. Savings
and operational benefits from Step 1 are fully appreciated starting in FY 2009 and beyond. Between now and
2015, NASA plans to continue the support of the EEE to enable a service-oriented architecture (SOA), which
allows different applications to exchange data with one another.

Five-year Making Earth Science Data Records for Use in Research Environments (MEaSURES) Projects
began work in 2008 to continue NASA support of the development of multi-instrument Earth System Data
Records, including Climate Data Records. A new ACCESS solicitation is being readied for NASA's Research
Opportunities in Space and Earth Sciences - 2009 (ROSES-2009). These Cooperative Agreements are
proving very valuable for keeping research and modeling communities actively involved with the EOSDIS
architecture, and informing core infrastructure evolution decisions.

Earth Science Technology

The Earth Science Technology Program (ESTP) will develop new remote-sensing and information systems
technologies for infusion into future science missions to enable, or dramatically enhance, measurements and
data system capabilities. Planning will start with measurement priorities established by the science
community, leading to systematically developed technology requirements and priorities. Studies may be
conducted to assess the most effective ways to meet technology performance requirements. Tasks will be
awarded through competed solicitations in the three project areas: Instrument Incubator, Advanced
Information Systems, and Advanced Technology Initiatives.
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Theme: Earth Science

Plans for FY 2010

Applied Sciences

The Applied Sciences Program will continue to work across the range of application areas, with special focus
on supporting communities as they plan for and respond to the impacts of climate change.

In October 2008, the NASA Applied Sciences Program completed a comparison study of seven Federal
programs that incorporate Earth science data into decision making activities for policy and management. The
Applied Sciences Program used this study to identify best practices and to benchmark its approaches on
strategic planning, implementation, partnership development, and administration. The study concluded that
that Applied Sciences Program is "unique with individual drivers, processes, and expectations." The study
suggested that longer-term relationships with users provide a source of innovation in applications; that applied
research is often needed to make science results more robust for use in applications; and that diversified
funding portfolios, multi-disciplinary staffing, and defined project end-points are keys to successful
applications. The Applied Sciences Program has incorporated key findings in its FY2009-2014 Program Plan.
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Theme: Earth Science

Relevance

Relevance to national priorities, relevant fields, and customer needs:

The 2008 NASA Authorization Act and 2006 National Space Policy charged NASA to develop unique
capabilities in global Earth observations and models to discover fundamental scientific knowledge of
the integrated Earth system. NASA activities contribute substantially to two Presidential Initiatives '
Integrated Global Earth Observations and Ocean Action Plan; three Congressional Initiatives
National Oceanographic Partnership Program, Global Change Research Act, and Clean Air Act
Amendments; and, two United Nations Assessments ' Intergovernmental Panel on Climate Change
and Ozone Depletion. NASA is the largest funding contributor to the 13-agency U.S. Climate Change
Science Program.

NASA coordinates with the U.S. Geological Survey on the Landsat Data Continuity Mission and with
the Department of Defense and National Oceanic and Atmospheric Administration (NOAA) on the
National Polar-orbiting Operational Environmental Satellite System. NASA develops, on a
reimbursable basis with NOAA, the Geostationary Operational Environmental Satellite and Polar
Orbiting Environmental Satellite programs. In FY 2009, NASA and the French space agency declared
the Ocean Surface Topography Mission to be operational and transferred satellite command and
control operations to NOAA, marking an important milestone in the transition of a research satellite
measurement capability to an operational capability.

Relevance to the NASA Mission and Strategic Goals:

Earth Science supports NASA's achievement of Strategic Plan Sub-Goal 3A: "Study Earth from space
to advance scientific understanding and meet societal needs."

This effort is comprised of seven Outcomes:

3A.1: Progress in understanding and improving predictive capability for changes in the ozone layer,
climate forcing, and air quality associated with changes in atmospheric composition.

3A.2: Progress in enabling improved predictive capability for weather and extreme weather events.
3A.3: Progress in quantifying global land cover change and terrestrial and marine productivity, and in
improving carbon cycle and ecosystem models.

3A.4: Progress in quantifying the key reservoirs and fluxes in the global water cycle and in improving
models of water cycle change and fresh water availability.

3A.5: Progress in understanding the role of oceans, atmosphere, and ice in the climate system and in
improving predictive capability for its future evolution.

3A.6: Progress in characterizing and understanding Earth surface changes and variability of Earth's
gravitational and magnetic fields.

3A.7: Progress in expanding and accelerating the realization of societal benefits from Earth system
science.

Earth Science researchers seek to answer how and why the global integrated Earth system is
changing, how it supports life, how life impacts the Earth system, and how this information will benefit
the Nation.

See FY 2010 Performance Plan for specific annual goals.

Relevance to education and public benefits:
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NASA develops innovative programs to educate and train scientists in understanding the global
integrated Earth system and infuse NASA observations and scientific results in the public and all
venues of learning. The DEVELOP program (not an acronym) is a national high school and university
student-led, student-run internship activity. ESD's Earth System Science Fellowship Program trains
graduate students, while the New Investigator Program targets early-career scientists and engineers.
NASA Earth Science discoveries are reported almost daily through the world's media to motivate
students and young scientists to pursue challenging careers in Earth science and technology.

NASA Earth Science improves public understanding of the complexity of the global integrated Earth
system. Guided primarily by the 2007 National Research Council Decadal Survey, NASA is
executing an ambitious plan to answer questions regarding why and how the environment is
changing, define the impacts of environmental change on humans, and identify how humans can
mitigate the impact of environmental hazards. Through its work with other Federal agencies to
improve their operational services, NASA Earth Science advances capabilities in such areas as
weather and air quality forecasting, climate prediction, and natural hazard and land use assessment.

Performance Achievement Highlights:

- Arctic Ocean Climate. In September 2007, NASA Aqua satellite measurements revealed that Arctic
Ocean sea ice coverage was 23% smaller compared to the previous minimum extent in September
2005. One year later in September 2008, the coverage was the second lowest recorded since 1978,
when satellite sea ice observations began with NASA's Nimbus-7 satellite. In 2008, NASA-supported
researchers explained the complex causes and impacts of rapid summertime Arctic sea ice depletion.
NASA ICESat satellite data revealed Arctic sea ice was becoming thinner, making it easier to melt in
summer. Over the western Arctic Ocean where most of the increased melt occurred in 2007, the
NASA CloudSat satellite showed decreased cloud cover relative to 2006 and the NASA Aqua satellite
measured increased incident solar radiation. The NASA SeaWiFS data-buy product showed that
reduced summertime sea ice coverage lengthened the growing season for near-surface ocean
phytoplankton, which increased the phytoplankton abundance in the Arctic Ocean.

-Global Air Pollution. NASA Aura satellite measurements tracked air pollutants from their generation
sites to assess air quality throughout the world. In 2008, NASA researchers announced the first
measurement-based estimate of pollution traveling from East Asian forest fires, urban exhaust and
industrial production to North America. About 450 million kilograms of small particle (aerosol) pollution
reached the northwest coast of Canada and the United States.

-New Technology. NASA's unmanned aerial system Ikhana, equipped with an innovative NASA
Autonomous Modular Sensor instrument, transmitted real-time measurements of visible, infrared and
thermal imagery directly to firefighting control centers to monitor and predict the trajectory of
California's wildfires. The Secretary of the U.S. Department of Homeland Security and the Governor
of California recognized NASA's contributions to prevent loss of life and property.
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Science

Theme:

Independent Reviews:

Earth Science

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance NASA 05/2008 NASA Advisory Council (NAC) - Review science |05/2009
Advisory strategy and implementation strategy for the
Council (NAC) Earth Science programs
Relevance National 01/2007 National Research Council - Decadal Survey of [2016
Research effectiveness and quality of the Earth Science
Council programs. First time a Decadal Survey was

developed for Earth Science.
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Program: Earth Science Research

FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 358.3 437.4 397.5 407.5 404.2 416.8 412.1
Request

Earth Science Research and 259.4 313.7 281.7 300.3 294.2 304.4 296.5

Analysis

Computing and Management 98.9 123.7 115.8 107.2 110.0 112.4 115.6
FY 2009 President's Budget 3725 376.9 384.5 386.8 396.8 405.3 -
Request

Earth Science Research and 269.3 271.9 279.7 279.4 286.7 293.5 -

Analysis

Computing and Management 103.1 104.9 104.7 107.3 110.1 111.8 --
Changes from FY 2009 Request -14.2 60.6 13.1 20.8 7.5 11.6 --

Note: Includes $68.5M of Recovery Act funding in FY09

Program Overview

The Earth Science Research Program advances our knowledge of the global distribution of a range of
important environmental parameters related to the Earth's atmosphere, hydrosphere, biosphere,
cryosphere, and land surface; to understand the processes that drive and connect them; and to
improve our capability to predict the future evolution of the Earth system, including climate, weather,
and natural hazards.

Earth Science Research funds basic research and modeling efforts, the Airborne Science Project
(which conducts research using airplanes and Uninhabited Air Systems), supercomputing efforts that
support a variety of agencies, and education and outreach.

For more information, please see http://science.hq.nasa.gov/earth-sun/index.html.

SCI-15




Mission Directorate: Science

Theme: Earth Science
Program: Earth Science Research

Plans For FY 2010

The research program portfolio is highly diverse in terms of activities sponsored as described for each
project in the following section.

As a result of the funding provided by the American Recovery and Reinvestment Act of 2009, and a
significant commitment by the new Administration to Earth Science in FY2010-14, NASA has already
begun a new Airborne Science campaign, called IceBridge, to "bridge the gap" between ICESat | and
ICESat Il data. This activity, focusing on changes in Greenland and arctic ice, will continue in FY
2010 and beyond.

The R&A project constitutes the core of the program and accounts for roughly half of the total budget.
It is mostly competed via the Science Mission Directorate Research Opportunities in Space and Earth
Science 2009 (ROSES-09), a research solicitation released February 2009. Solicited research in
2009 will generally result in grants funded with FY10 funding and two subsequent years, and includes
ocean biology and biogeochemistry, terrestrial ecology, physical oceanography, atmospheric
composition, and a hurricane field experiment. It will also continue funding research solicited in
ROSES-08 and ROSES-07 as they have progressed in their 2nd and 3rd year, respectively. The
research portfolio includes the Interdisciplinary Science project, also competed in ROSES-09 with the
focus to continue funding research in interdisciplinary areas, such as sea level change, water and
energy cycle impacts of biomass burning and integrated earth system responses to extreme
disturbances. Other competitive grant projects are the carbon cycle science team (continued from
previous selection) and the Earth science education and outreach activity (also in ROSES-09). The
remaining activities include primarily directed funding to NASA Centers for space geodesy (funding
the development and operation of the geodetic networks), high end computing, scientific computing
and global modeling and data assimilation.
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Project Descriptions and Explanation of Changes

Earth Science Research and Analysis

The Earth Science Research Program area consists of multiple projects and science teams which
support the overall diverse R&A goals:

Research and Analysis Project:

The Earth Science Research and Analysis (R&A) Project is the core of the R&A Program and funds
research in all six Earth Science focus areas: 1) Climate variability and change; 2) Atmospheric
composition; 3) Carbon cycle, ecosystems, and biogeochemistry; 4) Water and energy cycles; 5)
Weather; and 6) Earth surface and interior. Additionally, the R&A Project addresses the Earth
system and the interactions of its components, characterizing them on a broad range of spatial and
temporal scales to understand the naturally occurring and human-induced processes that drive the
overall system.

Airborne Science:

Airborne Science funds NASA's manned airplanes, and Uninhabited Air Systems (UAS) based Earth
science efforts. The project supports the operation of a catalog of NASA-owned and leased aircraft,
including the ER-2, DC-8, WB-57, P-3, Twin Otter, B-200, Aerosonde, Global Hawk, and other UAS
aircraft. These assets are deployed in campaigns conducted around the world to monitor extreme
weather events (e.g., hurricanes), capture data for Earth science modeling activities, and calibrate
the instruments flying aboard Earth science spacecraft. As mentioned above, and as a result of the
funding provided by the American Recovery and Reinvestment Act of 2009, and a significant
commitment by the new Administration to Earth Science in FY2010-14, NASA has already begun a
new Airborne Science campaign, called IceBridge, to "bridge the gap" between ICESat | and ICESat
Il data. This activity, focusing on changes in Greenland and arctic ice, will continue in FY 2010 and
beyond.

Interdisciplinary Science:

Interdisciplinary Science funds science teams, as well as calibration and validation activities, that
ensure the utility of spaceborne measurements. In addition, it supports focused field work (e.g.
airborne campaigns) and specific facility instruments, which are heavily relied upon in fieldwork.

Carbon Cycle Science Team:
The Carbon Cycle Science Team conducts research on the distribution and cycling of carbon among
the Earth's active land, ocean and atmospheric reservoirs.

Global Modeling and Assimilation Office:

The Global Modeling and Assimilation Office, located at Goddard Space Flight Center, creates global
climate and environmental models using data from Earth science satellites and aircraft. These
products can then be used by investigators worldwide to further their research.

Ozone Trends Science:

The Ozone Trends Science project has an overall goal of producing a consistent, calibrated ozone
time series that can be used for trend analyses and other studies.
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Earth Science Research and Analysis (continued)

Education and Outreach Activity:

The Education and Outreach Activity supports NASA educational outcomes and communicates the
results from Earth science missions and research through competitively selected projects. It also
continues the worldwide implementation and U.S. coordination of the Global Learning and
Observations to Benefit the Environment (GLOBE) Program, in partnership with the National Science
Foundation.

Fellowships and New Investigators:
The Fellowships and New Investigators project supports graduate and early-career research,
respectively, that is relevant of Earth system research and applied science.

Space Geodesy:

The Space Geodesy Project provides global geodetic positioning and supports the establishment of
the needed geodetic reference frames in support of climate change and geohazards research and
applications and their associated missions.

Computing and Management
The Computing and Management area consists of three projects:

High-End Computing Capability (HECC):

The High-End Computing Capability (HECC) project at Ames Research Center is focused around the
Columbia supercomputer and the associated network connectivity, data storage, data analysis and
visualization, and application software support. The Science Mission Directorate currently funds and
manages the HECC resources, which serves the supercomputing needs of all NASA Mission
Directorates as well as principle investigators at universities. Science Mission Directorate funding
supports the operation, maintenance, and upgrade of NASA's supercomputing capability, while the
Strategic Capabilities Assets Program exercises the oversight and insight functions. In 2008, a new
approximately 40,000 processors supercomputer system "Pleiades” was acquired. The new
system,currently ranked the world's third fastest supercomputer, supports NASA's aeronautics,
exploration, space operation and science missions.

Scientific Computing:

Scientific Computing funds NASA's Earth Science "Discover" computing system, software
engineering, and user interface projects at Goddard Space Flight Center. The Scientific Computing
Project's primary purpose is to support Earth science modeling activities based on data collected by
Earth science spacecratft.

Directorate Support:

The Directorate Support Project is the institutional budget for the Science Mission Directorate. It
funds Headquarters institutional activities that impact the Mission Directorate (i.e. Space Studies
Board, NASA Peer Review, printing and graphics, IT budget, NASA Postdoctoral Program, working
group support, independent assessment studies, and other administrative tasks with Mission
Directorate impact).
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Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Issue competed, peer-reviewed research Research and Analysis; Airborne None.
awards. Science (flight opportunities)
Maximize resource utilization (i.e., computing Scientific Computing; HECC None.
cycles) in supercomputer projects.
Initiate the first-ever competitively selected Glory Mission of ESM Program; New solicitation in ROSES 2009
science team. science team will be within R&A subelement.
Program.
Competitively selected airborne mission teams. | Tropical photochemistry and Aerosol Solicitation in ROSES 2009
Airborne Campaign - R&A subelement.
Competitively selected airborne mission teams. |Hurricane Field Experiment - R&A Solicitation in ROSES 2009
subelement.

Implementation Schedule

Project Schedule by Fiscal Year Phase Dates

Prior [0 |09 [10[11[12[13]14 151627 [18]19 2021 ] 22 | Beg | End |

R&A, IDS Science, Tech
Carbon Cycle Science,
Ozone Trends, Global
Moqe'?”g_ and ) Jan-90 Dec-20
Assimilation Office,
Space Geodesy,
Education and
Qutreach, and
Fellowships & New
Investigators (all
ongoing research
efforts)

Dev

Airborne Science

Jan-90 Dec-20

Scientific Computing

Jan-95 Dec-20

HECC

Jan-05 Aug-05
Sep-05 Dec-20

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project
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Theme:
Program:

Program Management

Science

Earth Science
Earth Science Research

The Earth Science Theme manages the Research Program. GSFC implements Scientific Computing
and ARC implements HECC.

Project

Management
Responsibility

NASA Center
Performers

Cost-Sharing Partners

R&A

Earth Science Theme,
Science Mission
Directorate

Mostly competitive
awards

Climate Change Science Program
(CCSP) participating agencies and
Joint Subcommittee on Ocean Science
and Technology (JSOST) participating
agencies

Interdisciplinary Science

Earth Science Theme,
Science Mission
Directorate

Mostly competitive
awards

Climate Change Science Program
(CCSP) participating agencies and
Joint Subcommittee on Ocean Science
and Technology (JSOST) participating
agencies

Carbon Cycle Science Team

Earth Science Theme,
Science Mission
Directorate

GSFC, JPL, ARC

Climate Change Science Program
(CCSP) participating agencies and
Joint Subcommittee on Ocean Science
and Technology (JSOST) participating
agencies

Ozone Trends Science

Earth Science Theme,
Science Mission
Directorate

GSFC and LaRC

Climate Change Science Program
(CCSP) participating agencies and
Joint Subcommittee on Ocean Science
and Technology (JSOST) participating
agencies.

Airborne Science

Earth Science Theme,
Science Mission
Directorate

GSFC/Wallops
Flight Facility,
DFRC, and ARC are
the primary Centers
involved in this

The Federal Aviation Administration,
the Department of Defense, the
Department of Energy, the National
Science Foundation, and the National
Oceanic and Atmospheric

project. Administration (Department of
Commerce).
High-End Computing Capability | Earth Science Theme, NASA Advanced Department of Energy and the

Science Mission
Directorate

Supercomputing,
Ames Research

Department of Defense.

Center
Scientific Computing Earth Science Theme, NASA Center for Department of Energy and the
Science Mission Computational Department of Defense.

Directorate

Sciences, Goddard
Space Flight Center

Global Modeling and Earth Science Theme, Goddard Space None.
Assimilation Office (formerly Science Mission Flight Center

Data Assimilation Office) Directorate

Space Geodesy Earth Science Theme, Goddard Space None.

Science Mission
Directorate

Flight Center and
Jet Propulsion

Laboratory
Earth Science Education and Science Mission N/A (various non- National Science Foundation's
Outreach Activity Directorate NASA organizations) | Component of the Global Learning and

Observations to Benefit the
Environment (GLOBE).

Fellowships and New
Investigators

Science Mission
Directorate

N/A (various non-
NASA organizations)

None.
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Acquisition Strategy

The Earth Science Research Program is based on full and open competition. Grants are peer
reviewed and selected based on NASA Research Opportunities in Space and Earth Sciences
(ROSES)and other related announcements.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance NAC Earth 2008 The NASA Advisory Council Science 2009
Science Subcommittee reviews content and progress
Subcommittee towards Earth Science sub-goal in the NASA

Strategic Plan of at least one Science Focus
Area per year. During its 2008 meeting, the ESS
reviewed and rated the ESD Science Metrics
based on the submitted accomplishments and
peer-reviewed publications for FY2008. All six
Science Focus Area metrics were rated "green"
as documented in the FY2008 Annual
Performance Report (APR).
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 546.1 898.9 715.5 725.4 786.4 818.8 867.6
Request
Global Precipitation 74.4 157.8 159.5 127.6 1375 111.2 80.4
Measurement (GPM)
Glory Mission 82.3 50.7 27.1 10.1 4.4 1.9 0.0
Landsat Data Continuity 127.3 200.9 120.6 137.4 165.0 90.0 15.0
Mission (LDCM)
NPOESS Preparatory Project 46.1 57.1 112.8 33.8 5.3 5.2 5.1
(NPP)
Ice, Cloud, and land Elevation 9.6 38.8 39.2 74.6 99.1 126.9 161.7
Satellite (ICESat-Il)
Soil Moisture Active and 9.6 104.3 70.0 132.2 180.4 135.0 40.0
Passive (SMAP)
Decadal Survey Missions 16.8 82.3 0.0 10.9 8.8 161.1 374.6
Other Missions and Data 180.1 206.9 186.3 198.9 186.0 187.5 190.8
Analysis
FY 2009 President's Budget 530.1 677.9 661.5 583.2 563.6 569.6 -
Request
Global Precipitation 74.4 125.8 161.7 129.8 140.0 113.3 -
Measurement (GPM)
Glory Mission 35.2 29.7 9.1 9.8 2.7 0.0 -
Landsat Data Continuity 133.0 139.4 127.1 96.0 11.3 2.7 -
Mission (LDCM)
NPOESS Preparatory Project 70.0 94.4 46.3 8.6 8.9 9.2 -
(NPP)
Decadal Survey Missions 33.0 103.2 116.2 150.0 250.2 290.7 -
Other Missions and Data 184.6 185.4 201.1 188.9 150.5 153.7 -
Analysis
Changes from FY 2009 Request 16.0 221.0 54.0 142.3 222.8 249.2 -

Note: Includes $200.3M in Recovery Act funding in FY09
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Program Overview

The Earth Systematic Missions (ESM) Program provides a number of Earth-observing satellites that
contribute to the provision of long-term environmental data sets that can be used to study the
evolution of the Earth system on a range of temporal scales. This information is used to analyze,
model, and improve understanding of the Earth system. Data gathered by these spacecraft will
enable improved predictions of climate, weather, and natural hazards. NASA works with the science
community to identify science questions on the frontiers of science that have profound societal
importance, and to which on-going remote sensing of the Earth can make a defining contribution.
These science questions become the foundation of a research strategy, which defines requirements
for scientific observations through the vantage point of space. Each of Earth Science's six focus areas
has an implementation roadmap that shows what role space-based observations play in meeting
overall science objectives. The six Earth Science focus areas are as follows: (1) Climate variability
and change; (2) Atmospheric composition; (3) Carbon cycle, ecosystems, and biogeochemistry; (4)
Water and energy cycles; (5) Weather; and (6) Earth surface and interior. This effort also provides
techniques and technologies that can be employed to predict climate, weather and natural hazards on
planets we plan to explore.

For more information, see http://science.hqg.nasa.gov/missions/earth.html.
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Plans For FY 2010

As a result of the funding provided by the American Recovery and Reinvestment Act of 2009, and a
significant commitment by the new Administration to Earth Science in FY 2010-14, significant
progress can be made towards the goals identified in the National Research Council (NRC) 2007
report, "Earth Science and Applications from Space: National Imperatives for the Next Decade and
Beyond". The Soil Moisture Active-Passive (SMAP) and Ice, Cloud, and Land Elevation Satellite
(ICESat I1) missions will be pursued aggressively, leading to projected launches in late 2013/early
2014 and late 2014/early 2015 respectively. Studies of the next two Decadal Survey missions, the
Climate Absolute Radiance and Refractivity Observatory (CLARREOQ) and the Deformation,
Ecosystem Structure, and Dynamics of Ice (DESDynl), will also intensify.

Also in response to the NRC report, NASA is initiating a new series of competed "Venture-class"
missions. These missions, which may include suborbital payloads, instruments to be flown on non-
NASA spacecraft, or small dedicated spacecraft, will be selected via an Announcement of
Opportunity. Selection of the first Venture-class mission(s) is planned for FY 2010.

NASA has also begun development of the Thermal Infrared Sensor (TIRS) instrument, which is now
fully funded within the LDCM Project.

The following other activities will be undertaken in FY 2010:

- GPM will complete its Preliminary Design Review followed by Confirmation Review and KDP-C,
- NPP will complete its satellite pre-environmental review,

- Glory will have its Launch Readiness Review, followed by the launch of the spacecraft, and

- LDCM will complete its instrument Critical Design Review and Mission Critical Design Review.

Nine of the ten operating spacecraft in the Earth Systematic Mission program were reviewed in 2007
as part of the biennial Senior Review. (Aura is still in its prime mission phase and was not reviewed.
The EP/TOMS mission was decommissioned in early 2007 and was not a part of the Senior Review.)
All nine missions were extended for the FY 2008 - FY 2009 period, with some modifications to their
mission implementation plans. All missions including Aura will be a part of the 2009 Senior Review.
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Project Descriptions and Explanation of Changes

Global Precipitation Measurement (GPM) Mission

Extending precipitation measurements beyond the current Tropical Rainfall Measuring Mission
(TRMM), GPM will provide: near-global measurements of precipitation, its distribution, and physical
processes; rain rates and latent heating measurement; and more frequent and complete sampling of
Earth's precipitation. The science focus areas served by GPM will include: climate variability and
change; water and energy cycles; and weather. Additional GPM information is available under the
Development section.

Glory Mission

Glory will provide measurements of global distribution of natural and anthropogenic aerosols from
varying angles, in numerous spectral bands with multiple polarizations, as well as total solar
irradiance measurements. The science focus areas served by Glory will include: atmospheric
composition; carbon cycle, ecosystems, and biogeochemistry; climate variability and change; and
water and energy cycles. Additional Glory information is available under the Development section.

Landsat Data Continuity Mission (LDCM)

Landsat Data Continuity Mission (LDCM) will provide visible and near-infrared images of the Earth
surface in approximately nine frequency bands, with 30-meter resolution. LDCM will enable cross-
sensor comparison of data from within the Landsat series. The science focus areas served by LDCM
will include: carbon cycle, ecosystems, and biogeochemistry; and earth surface and interior. LDCM is
being undertaken by NASA as a stand-alone "free-flyer" mission, planned for launch as soon as
possible to provide continuity of Landsat data. Additional LDCM information is available under the
Development section.

NPOESS Preparatory Project (NPP)

NPP is a preparatory mission for the National Polar-orbiting Operational Environmental Satellite
System (NPOESS) and will provide global imagery in a number of visible and infrared frequency
bands, collect ozone data, and provide improved measurements of temperature and moisture
profiles in the atmosphere. The science focus areas served by NPP will include: atmospheric
composition; climate variability and change; carbon cycle, ecosystems, and biogeochemistry; water
and energy cycles; and weather. Additional NPP information is available under the Development
section.

Ice, Cloud, and land Elevation Satellite (ICESat-II)

ICESat-Il, currently in formulation, is the planned follow-on mission to ICESAT. Additional ICESat-II
information is available under the Formulation section.

Soil Moisture Active and Passive (SMAP)

The Soil Moisture Active and Passive (SMAP) mission will provide new information on global soil
moisture and its freeze/thaw state enabling new advances in hydrospheric science and applications.
Direct measurements of soil moisture and freeze/thaw state are needed to improve understanding of
regional and global water cycles, terrestrial ecosystems, and the processes that link the water,
energy, and carbon cycles. Soil moisture and freeze/thaw information provided by SMAP will lead to
improved weather forecasts, flood and drought forecasts, and predictions of agricultural productivity
and climate change, as well as improved understanding of the sources and sinks of carbon.
Additional SMAP information is available under the Formulation section.
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Decadal Survey Missions

This project supports missions that begin formulation in the near future to implement systematic
measurements in response to Tier 1 and Tier 2 priorities suggested by the National Research
Council's Earth Science Decadal Survey.

Other Missions and Data Analysis

Ocean Surface Topography Mission (OSTM) - OSTM was launched June 20, 2008. The satellite
measures sea surface height to an accuracy of less than four centimeters every 10 days. The
science focus areas served by OSTM will include: climate variability and change; and water and
energy cycles. This mission is a follow-on to Jason, and is currently in its prime phase through June
2011.

Terra - Terra collects global data on the state of the atmosphere, land, and oceans, as well as their
interactions with solar radiation and with one another. The science focus areas served by Terra
include: atmospheric composition; carbon cycle, ecosystems, and biogeochemistry; climate
variability and change; earth surface and interior; water and energy cycles; and weather. Terra is a
joint mission with Japan and Canada.

Agua - Aqua monitors atmospheric, land, ocean, and ice variables for improved understanding of the
Earth's water cycle and improved understanding of the intricacies of the climate system. The science
focus areas served by Aqua include: atmospheric composition; carbon cycle, ecosystems, and
biogeochemistry; climate variability and change; water and energy cycles; and weather. Aqua is a
joint mission with Brazil and Japan.

Aura - Aura measures atmospheric chemical composition, tropospheric/stratospheric exchange of
energy and chemicals, chemistry-climate interactions, and air quality. The science focus areas
served by Aura include: atmospheric composition; climate variability and change; and weather. Aura
is a joint mission with the Netherlands, Finland, and the United Kingdom.

Tropical Rainfall Measuring Mission (TRMM) - TRMM measures precipitation, clouds, lightning, and
radiation processes over tropical regions. TRMM is one of several spacecraft currently extending the
long-term radiation budget record begun in the mid-1980s. The science focus areas served by
TRMM include: climate variability and change; water and energy cycles; and weather. TRMM is a
joint mission with Japan.
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Other Missions and Data Analysis (continued)

Active Cavity Radiometer Irradiance Monitor Satellite (ACRIMSat) - ACRIMSat monitors total solar
irradiance. The science focus areas served by ACRIMSat include: climate variability and change;
and water and energy cycles. Because ACRIMSAT has continued to operate beyond its original
planned base mission, it now provides similar measurements to its operating follow-on mission,
SORCE.

Quick Scatterometer (QuickSCAT) - QuickSCAT measures ocean surface wind vectors using the
SeaWinds instrument. The science focus areas served by QuikSCAT include: climate variability and
change; and weather.

Earth Observing-1 (EO-1) - The EO-1 spacecraft collects data to allow paired scene comparisons
between the EO-1 Advanced Land Imager (ALl) and the Landsat-7 Enhanced Thematic Mapper Plus
(ETM+). The science focus areas served by EO-1 include: carbon cycle, ecosystems, and
biogeochemistry; and earth surface and interior.

Ice, Clouds, and Land Elevation Satellite (ICESat) - ICESat measures elements of ice-sheet mass
balance, cloud-top and land-surface topography, and vertical profiles of aerosol and cloud properties.
The science focus areas served by ICESat include: climate variability and change; earth surface and
interior; and water and energy cycles.

Jason - Jason monitors ocean height to support the study of ocean circulation. The science focus
areas served by Jason include: climate variability and change; and water and energy cycles. Jason is
a joint mission with France.

Solar Radiation and Climate Experiment (SORCE) - SORCE measures the total and spectral solar
irradiance incident at the top of Earth's atmosphere. The science focus areas served by SORCE
include: atmospheric composition; climate variability and change; and water and energy cycles.

Instrument Science Teams - Instrument science teams help define the scientific requirements for
their respective instruments and generate the algorithms used to process the data into useful data
products for the investigations. Additionally, the science teams are responsible for validating their
own algorithms and data products. The Earth Systematic Missions Program is supported by the
Precipitation Science Team, the Ocean Winds Science Team, and the Landsat Science Project
Office.

Earth Systematic Missions Senior Review Competed Science - NASA's Earth Science Division uses
Senior Reviews, which are held every two years, to assess the relative science value of missions in
operation. These reviews are competitive in nature and serve as the basis for determining whether a
mission which has completed its current approved phase should be extended.

Earth Science Program Management - Provides program management support for Earth Science
missions, investigations, and activities. Additionally, provides funding for the Earth Systematic
Missions (ESM) Program Office and the Earth System Science Pathfinder (ESSP) Program Office,
which assist in the overall management and execution of the Earth Science formulation,
development, and operating missions.
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Earth Observation Systems (EOS) Research - The EOS research project funds science for the EOS
missions, currently Terra, Aqua, Aura, ICESAT | and Land Cover missions. These individual-
investigator, competitively selected research projects analyze data from the missions to address the
related science questions, especially focussed on the earth's polar regions. Some funded projects
continue algorithm improvement and validation for the EOS Instruments data products, while overall
the selected activities focus on science data analyses and the development of Earth System Data
Records ( ESDRS), including Climate Data Records (CDRs) relevant to NASA's research program.
Studies using ICESat | and CryoSat-2 are solicited in the ROSES 2009 sub-element. CryoSat-2 is a
European Space Agency satellite that is due to be launched in 2009 and will be operating in the
observational gap between ICESat | and ICESat Il.

Earth Systematic Missions (ESM) Research - The ESM research project funds science teams for the
Earth Systematic missions, currently NPP and Glory missions. These are individual investigator
competitively selected research to analyze data from the missions to address the related science
guestions. In particular, the NPP science investigations are focused on developing climate data
records from EOS observations continued by the NPOESS operational observing system. The first
science for the Glory mission is solicited in ROSES 2009 sub-element.

Ocean Vector Winds Science Team (OVWST) - This project utilizes scientific data received from the
QuikSCAT (Quick Scatterometer) Mission satellite which measures ocean surface wind vectors by
sensing ripples caused by winds near the ocean's surface, from which scientists can compute the
winds' speed and direction, acquiring hundreds of times more observations of surface wind velocity
each day than can ships and buoys. Previously this project was associated with the Earth Systematic
Mission area wherein the QuUikSCAT mission is managed. Beginning in fiscal year 2010, the Ocean
Vector Winds Science Team moves into the Research Program to better align competed science
research activities.

Ocean Surface Topography Science Team (OSTST) - This project utilizes scientific data received
from the Ocean Surface Topography Mission (OSTM) satellite which measures global sea surface
height. Previously this project was associated with the Earth Systematic Mission area wherein the
OSTM mission is managed. Beginning in fiscal year 2010, the Ocean Surface Topography Science
Team moves into the Research Program to better align competed science research activities.

Precipitation Science Team - This project utilizes scientific data received from the Tropical Rainfall
Measuring Mission (TRMM) satellite to improve the forecasting of weather and severe storm events.
Previously this project was associated with the Earth Systematic Mission area wherein the TRMM is
managed. Beginning in fiscal year 2010, the Precipitation Science Team moves into the Research
Program to better align competed science research activities.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Complete planned operations of currently Operating missions Same
operating missions.
Data collection. EO-1 Same
Launch 2 additional Earth Systematic Mission Glory Glory launch is now in 2010 and
(ESM) missions. NPP launch is now in 2011.
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [08 [o9 1011 1213141516 [17]18]19]20]21] 22 | Beg | End |

Global Precipitation Tech
Measurement Mission Jul-02 Oct-08
(GPM) Nov-08 Jun-13
Jul-13  Jul-16

Glory

i

Oct-03 Nov-05
Nov-05 Jan-10
Jan-10 Mar-12

Landsat Data
Continuity Mission
(LDCM)

Oct-03 Feb-05
Mar-07 Nov-12

| | | | | | Dec-12 Jul-17
SAP | | | | Sep-08 Apr-10

| | | | 603 1o
ICESat-Il

i

Jun-09 Aug-12
Aug-12 Sep-14
Oct-14 Dec-18

Ocean Surface
Topography Mission
(OSTM)

¥

Dec-02 Mar-06
Mar-06 Jun-08
Jul-08 Jul-11

NPOESS Preparatory
Project (NPP)

Mar-00 Nov-03
Dec-03 Jan-11
Jan-11 Jan-16

Terra
Oct-99 Sep-11
Sep-11

Aqua
May-02 Sep-11
Sep-11

Aura
Jul-04 Jul-10
Jul-12

Tropical Rainfall
Measuring Mission
(TRMM)

Nov-97 Sep-11
Sep-11

Active Cavity
Radiometer Irradiance
Monitor Satellite
(ACRIMSat)

Dec-99 Sep-09
Sep-11

Quick Scatterometer
(QuikSCAT)

(RHEHHS

Jun-99 Sep-11
Sep-11
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Earth Observing-1 (EO-
1)
Nov-00 Sep-11

Jason

Dec-01 Sep-11

Ice, Clouds, and Land

Elevation Satellite

(ICESat) Jan-03 Sep-11
Sep-11

Solar Radiation and
Climate Experiment

(SORCE) Jan-03 Sep-11

L1

Tech & Adv Concepts (Tech)
P Formulation (Form)
Development (Dev)
Operations (Ops)
Research (Res)
Represents a period of no activity for the Project
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Program Management

GSFC manages NPP, LDCM, Glory, GPM, Terra, Aqua, Aura, TRMM, EO-1, SORCE, ICESat, and
ICESat-Il. JPL manages OSTM, ACRIMSat, SMAP, QuikSCAT, and Jason.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
GPM GSFC GSFC JAXA - provides the dual frequency

precipitation radar and a launch
vehicle for GPM.

Glory GSFC GSFC None.

LDCM GSFC GSFC USGS - provides data
processing/distribution and on-orbit
operations for LDCM.

ICESat-Il GSFC GSFC TBD
SMAP JPL JPL/GSFC TBD
OSTM JPL JPL CNES - provides spacecraft, 2 core

instruments, and data processing for
OSTM. NOAA provides data
processing/distribution, ground
stations, and on-orbit operations.
EUMETSAT provides a ground station
and data processing/distribution.

NPP GSFC GSFC NOAA/IPO - provides 3 of 4
instruments and ground system for
NPP.

Terra GSFC GSFC Japan's Ministry of Economy, Trade

and Industry (METI) provided the
Advanced Spaceborne Thermal
Emission and Reflection Radiometer
(ASTER). The Canadian Space
Agency provided the Measurements of
Pollution in The Troposphere
(MOPITT) instrument.

Aqua GSFC GSFC The National Space Development
Agency (NASDA, now part of the
Japan Aerospace Exploration Agency,
or JAXA) provided the Advanced
Microwave Scanning Radiometer for
the Earth Observing System (AMSR-
E) instrument. Brazil's Instituto
Nacional de Pesquisas Espaciais
(INPE, the Brazilian Institute for Space
Research) provided the Humidity
Sounder for Brazil (HSB) instrument.
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Project

Management
Responsibility

NASA Center
Performers

Cost-Sharing Partners

Aura

GSFC

GSFC

The National Environmental Research
Council of the United Kingdom funded
the High Resolution Dynamics Limb
Sounder (HIRDLS); the instrument
was designed by universities and
laboratories in the U.K. and the U.S.,
including the University of Colorado,
Oxford University, the National Center
for Atmospheric Research (U.S.), and
the Rutherford Appleton Laboratory
(U.K.). The University of Edinburgh
(U.K.) contributed to data processing
algorithms and validation for the
Microwave Limb Sounder (MLS). The
Ozone Monitoring Instrument (OMI)
was built by Dutch Space and TNO
TPD in the Netherlands in cooperation
with Finnish VTT and Patria Advanced
Solutions Ltd. KNMI (Royal
Netherlands Meteorological Institute) is
the Principal Investigator Institute.
Overall responsibility for OMI lies with
the Netherlands Agency for Aerospace
Programmes (NIVR), with the
participation of the Finnish
Meteorological Institute (FMI).

TRMM

GSFC

GSFC

The Japan Aerospace Exploration
Agency (JAXA) provided the
Precipitation Radar (PR) instrument
and the launch vehicle (an H-Il F6).

ACRIMSat

JPL

JPL

None.

QuikSCAT

JPL

JPL

None.

EO-1

GSFC

GSFC

None.

Jason

JPL

JPL

The French Centre National d'Etudes
Spatiales (CNES, the National Center
for Space Studies) is responsible for
the Doppler Orbitography and
Radiopositioning Integrated by
Satellite (DORIS) instrument; THALES
built the instrument, and SMP provided
the ground beacons. The CNES is
also responsible for the Poseidon-2
nadir-viewing radar altimeter; Alcatel
Space Industries was prime contractor
for the instrument.

ICESat

GSFC

GSFC

None.

SORCE

GSFC

GSFC

None.
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Acquisition Strategy

The LDCM instrument was selected through open competition in FY 2007. The Ball Aerospace and
Technologies Corporation will build the Operational Land Imaging (OLI) instrument for LDCM. LDCM
spacecraft used Rapid Spacecraft Development Office selection, and selected General Dynamics.

NPOESS Preparatory Project (NPP): Spacecraft, ATMS, and CERES were procured competitively.
The VIIRS, OMPS, and CrlIS were procured competitively via the NPOESS Integrated Program
Office. The procurement award for each element was as follows:

Ball Aerospace: Spacecraft and Ozone Mapping Profile Suite Development

NG Electronic Systems: Advanced Technology Microwave Sounder Development
ITT Aerospace: Cross-track Infrared Sounder Development

Raytheon: Visible Infrared Imaging Radiometer Development

NG Space Technology: Clouds and the Earth's Radiant Energy System Development
Raytheon: Ground systems and operations.

The GPM instrument was selected through open competition in FY 2005. The Ball Aerospace and
Technologies Corporation will build the GPM Microwave Imager (GMI) instrument for GPM. The
GPM Core Spacecraft will be an in-house development at GSFC. The Dual-frequency Precipitation
Radar (DPR) instrument and launch vehicle for the Core Spacecraft will be provided by a foreign
partner, Japan Aerospace Exploration Agency (JAXA). The Constellation Spacecraft will be acquired
by open competition through the GSFC Rapid Spacecraft Development Office. Its launch vehicle will
be acquired via competitive process by Kennedy Space Center. The ground systems for both
spacecraft will be selected through open competition.

Senior Reviews are held every two years to assess the relative science value of missions in
operation. In FY 2007, all operating Earth Systematic Missions other than Aura went through the
competitive Senior Review process to determine whether they should enter an extended mission
phase after their current missions have been completed. Preparations are underway for the 2009
Senior Reviews in which 13 operating missions will be evaluated.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Quality Senior Review |4/2007 2007 Senior Review- All operating Earth 04/2009
Panel Sytematic Missions except for Aura underwent

this review. All missions were extended with
modifications to their mission budgets.
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 218.5 82.3 50.7 27.1 10.1 4.4 1.9 0.0 0.0 395.0
Budget Request

Formulation 70.8 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 70.8
Development / 147.7 82.3 50.7 15.4 0.0 0.0 0.0 0.0 0.0 296.1
Implementation

Operations / Close-out 0.0 0.0 0.0 11.7 10.1 4.4 1.9 0.0 0.0 28.1
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 219.2 5.2 29.7 9.1 9.8 2.7 0.0 - 0.0 305.7
Budget Request

Formulation 70.8 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 70.8
Development / 148.4 35.2 251 0.0 0.0 0.0 0.0 -- 0.0 208.7
Implementation

Operations / Close-out 0.0 0.0 4.6 9.1 9.8 2.7 0.0 -- 0.0 26.2
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Changes from FY 2009 -0.8 7.1 1.0 18.0 0.3 1.7 19 - 0.0 9.2
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Development / -0.7 47.1 25.6 15.4 0.0 0.0 0.0 - 0.0 87.4
Implementation

Operations / Close-out 0.0 0.0 -4.6 2.6 0.3 17 19 -- 0.0 19
Other -0.1 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -0.1

Explanation of Project Changes

Cost growth since the FY 2009 Budget is related to the launch delay from March 2009 to January
2010. The reasons for the launch delay, and associated cost growth, were addressed in NASA's
Glory Project Cost and Schedule Analysis Report (CSAR) to Congress, as required by Section 103(d)
(2) of the NASA Authorization Act of 2005.
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Project Purpose

The Glory mission will contribute to NASA's research regarding the atmospheric conditions that
influence climate and improve understanding of the natural and man-made factors that contribute to
climate change. It will also enable a greater understanding of the seasonal variability of aerosol
properties. Both advances are essential components of predicting climate change. Solar radiation is
the dominant, direct energy input into the terrestrial ecosystem, affecting all physical, chemical, and
biological processes. Aerosols interact with atmospheric conditions in complex ways that can have
large effects on climate.

Glory's science objectives are to:

* Determine the global distribution, microphysical properties, and chemical composition of natural and
anthropogenic aerosols and clouds with accuracy and coverage sufficient for a reliable quantification
of the aerosol direct and indirect effects on climate.

* Continue measurement of the total solar irradiance to determine the Sun's direct and indirect effect
on Earth's climate.

For more on the scientific questions addressed by Glory, visit http://glory.gsfc.nasa.gov/.

Project Parameters

The Glory mission will operate two scientific instruments aboard a preexisting NASA spacecraft asset
requiring minor madification. The Glory satellite will fly in NASA's low Earth orbit Afternoon, or A-Train,
constellation to enhance the utility of the mission data through synergistic observations and
measurements from the other satellites. The A-Train constellation currently includes five spacecraft
flying in close temporal proximity to each other, providing detailed observations of the Earth system.
The Glory spacecraft will be the seventh satellite in the A-Train when it joins the constellation in 2009.

The Aerosol Polarimetry Sensor is an advanced polarimeter which will provide measurements that
increase our understanding of black carbon soot and other aerosols as causes of climate change. The
APS will provide unprecedented measurements of the global distribution of natural and anthropogenic
aerosols and clouds with accuracy and coverage sufficient for a reliable quantification of the aerosol
direct and indirect effects on climate. The APS is being developed by Raytheon Space and Airborne
Systems, El Segundo, California.

The Total Irradiance Monitor (TIM) instrument provides measurement continuity for the 28-year solar
irradiance data record by extending the measurement currently provided by NASA's Solar Radiation
and Climate Experiment (SORCE). University of Colorado's Laboratory for Atmospheric and Space
Physics is developing the TIM sensor, the instrument's Sun pointing platform, and the TIM science
operations center.

Orbital Science Corporation, Dulles, Virginia, is developing the spacecraft and the ground
system/mission operations center, and will integrate the instruments. Orbital also provides mission
systems engineering support and performs mission operations.

Kennedy Space Center is responsible for Glory launch services. The mission will launch on a Taurus
XL from Vandenberg Air Force Base, California.
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Project Commitments

Glory Mission

Glory will launch in January 2010 to begin a three-year prime mission (with a five-year goal) to gather
scientific measurements of atmospheric aerosols and solar irradiance.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Provide unprecedented
Aerosol Polarimet measurements of the
eroso Hmetry Raytheon global distribution of natural | Same Same
Sensor (APS) .
and anthropogenic
aerosols
Total Irradiance Maintain an uninterrupted
Monitor (TIM) U of Colorado LASP solar irradiance data record Same Same
Refurbishment of the
Spacecraft Orbital Vegetation Canopy Lidar | Same Same
(VCL) mission bus
Launch vehicle Orbital Taurus XL Same Same
Ground Svstem Ops Orbital / Colorado Combination of the Full APS i‘Ci' d;t?
TIM Scien)::e ODs B—\PS University-Boulder commercial ground stations Same prorc]fes,cl,. yr, oa a2
Science Opbs PS, LASP /GSFC Institute for | and the networks that arc ]Lvﬁ ;?“Ta'n'r:jgt
P Space Studies connect them yrs, u SCI. data
process. 3 yrs
Operations of the
Mission Ops Orbital spacecr_aft and the Same Same
generation of command
uplink
GSFC Earth Science
. Distributed Active Archival and distribution of
Data Archive Archive Center (GES mission data Same Same
DAAC)
Schedule Commitments
Glory was confirmed for development on December 13, 2005.
Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
Mission Confirmation Review 11/2005 12/2005 12/2005
Mission Pre-ship review 8/2008 1/2009 1/2009
Launch 12/2008 3/2009 1/2010
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Development Cost and Schedule Summary

The base year development cost estimate below is consistent with the revised baseline reported in
the Glory Project Cost and Schedule Analysis Report (CSAR) to Congress. At that time, the launch
date was estimated to be June 2009. Cost growth since that time is due to the additional delay until
November 2009. The Project is making good progress towards the new launch date.

Base Year Current Current
Base Develop- Current De\\(/z"licr)p Cost Base Year Year Milestone
Project ment Cost _. | Change | Key Milestone | Milestone . Change
Year Estimate Year ment Cost (%) Date Mllgstone (months)
($M) Estimate ate
(M)
Glory Mission 2008 259.1| 2009 296.1 14| Launch 6/15/2009 | 1/23/2010 7
Readiness
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)

Total: 259.1 296.1 37.0
Aircraft/Spacecraft 31.7 37.5 5.8
Payloads 117.4 138.6 21.2
Systems I&T 3.2 3.8 0.6
Launch Vehicle/Services 55.4 55.4 0.0
Ground Systems 0.9 1.1 0.2
Science/Technology 10.3 12.2 1.9
Other Direct Project Cost 40.2 47.5 7.3
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Glory Mission

Goddard Space Flight Center has Project Management responsibility. The Science Mission
Directorate Program Management Council has program oversight responsibility.

The Earth Science Division Director is the responsible official for this project.

Project Element

Project Management
Responsibility

NASA Center Performers

Cost-Sharing Partners

APS

GSFC

GSFC

None

TIM

GSFC

GSFC

None

Acquisition Strategy

All major procurements for the directed Glory Mission were sole-source awarded to meet the
objective for an accelerated mission.

Aerosol Polarimetry Sensor: Raytheon Space and Airborne Systems.
Total Irradiance Monitor: University of Colorado Laboratory for Atmospheric and Space Physics.
Spacecraft/spacecraft support: Orbital Science Corporation.

There are no remaining major procurements, as all instrument and spacecraft contracts are in place.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
DPMC Mission Continuation Review -
Directorate review of Project replan (incl.
corrective actions, risk mitigations, revised cost
Performance NASA HQ 04/2008 estimates). Replan approved May 2008, 06/2009

changing LRD from 12/2008 to 6/2009 (LRD will
now be later then 6/2009). 6/2009 is the Flight
Operations Review.

Project Risk Management

Title

Risk Statement

Risk Management Approach and Plan

APS Instrument

Instrument contractor poor
performance will cause
increased cost and possible
impact to launch readiness
date.

management expertise.

HQ and GSFC implementing DPMC replan of April 2008. The
project is monitoring contractor performance trends, and
assisting the instrument provider with technical, planning, and
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 542.9 46.1 57.1 112.8 3.8 53 52 5.1 6.0 814.3
Budget Request

Formulation 47.7 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 47.7
Development / 495.2 46.1 57.1| 1128 28.8 0.0 0.0 0.0 0.0 740.0
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 5.0 5.3 5.2 5.1 6.0 26.6
Other 0.0 0.0 0.0 0.0 0.0 -0.1 0.0 0.0 0.0 0.0
FY 2009 President's 554.5 70.0 4.4 46.3 8.6 8.9 9.2 - 11. 803.3
Budget Request

Formulation 47.7 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 47.7
Development / 506.8 70.0 94.4 46.3 0.0 0.0 0.0 -- 0.0 717.5
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 8.6 8.9 9.2 -- 11.4 38.1
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Changes from FY 2009 -11.6 -23.9 -37.3 6.5 5.2 -3.6 -4.0 - -5.5 11.0
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Development / -11.6 -23.9 -37.3 66.5 28.8 0.0 0.0 -- 0.0 225
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 -3.6 -3.6 -4.0 -- -5.4 -11.5
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - -0.1 0.0

Note: The FY 2010 LCC number in the table above is overstated by $14.9M due to the difference in the FY09 enacted bill and
the April 2009 initial operating plan. Assuming approval of the initial operating plan, the estimated NPP lifecycle cost will be
$799.4M, and the estimated Development cost will be $725.1M.

Explanation of Project Changes

The changes to the NPP budget are due to the launch delay from June 2010 until January 2011,
primarily caused by late delivery of the Visible Infrared Imaging Radiometer Suite (VIIRS) instrument.
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Project Purpose

The NPOESS Preparatory Project (NPP) is a joint mission with National Oceanic and Atmospheric
Administration and the U.S. Air Force to extend key environmental measurements. The satellite will
provide atmospheric and sea surface temperatures, humidity sounding, land and ocean biological
productivity, cloud and aerosol properties, and earth radiation budget measurements.

The NPP mission has two objectives: Provide a continuation of global change observations following
the Earth Observing System missions Terra and Aqua, and provide the National Polar-orbiting
Operational Environmental Satellite System (NPOESS) with risk-reduction demonstration and
validation for the critical NPOESS sensors, algorithms, and ground processing.

For more information, visit the following website: http://jointmission.gsfc.nasa.gov

Project Parameters

The NPP spacecraft is based on a modified Ball Commercial Platform 2000 bus with a five-year
design life. The NPP orbit is a polar, Sun-synchronous orbit at a nominal altitude of 824 kilometers.
Four of the instruments are newly developed sensors based on heritage NASA sensors. The
Advanced Technology Microwave Sounder (ATMS) is being developed by NASA, and three of the
instruments (Visible/Infrared Imaging Radiometer Suite (VIIRS), Cross-track Infrared Sounder (CrlS),
and Ozone Mapping and Profiling Suite (OMPS)) are being developed by the NPOESS Integrated
Program Office (IPO). A fifth sensor, the Clouds and the Earth's Radiant Energy System (CERES)
was a spare sensor developed by NASA for the Earth Observing System (EOS) program.
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Project Commitments

NPOESS Preparatory Project (NPP)

NPP will launch in January 2011 and undertake the following scientific measurements over its five-
year operating life: atmospheric and sea surface temperatures, humidity soundings, land and ocean
biological productivity, cloud and aerosol properties, and Earth radiation budget measurements.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Visible Infrared P_r(_)l\)/lide g(ljope;l imf:ljgery n
Imaging Radiometer Raytheon SBRS Visible and inirare Same Same
: frequency bands: 0.3 to 14
Suite (VIIRS) ; }
microns / 400 m resolution.
Collection of total column
Ozone Mapping and and vertical profile ozone
Profiler Suite (OMPs) | B2/l Aerospace data with 300-380 nm / | >2™® Same
LIMB 290-1000 nm .
Temperature and moisture
Cross-Track Infrared )
Sounder (CriS) ITT Aerospace prpf||es at 3.9-15.4 Same Same
microns.
Advanced Technology Temperature and moisture
Microwave Sounder NG Electronic Systems | profiles at 22 channels / 23- | Same Same
(ATMS) 183 ghz.
Provide Earth radiation
Clouds and the Earth's budget measurements in
Radiant Energy NG Space Technology shortwave (0.3-5micron) New
System (CERES) and longwave (8-12
micron) bands
5-year design life, mass is
Spacecraft Ball Aerospace 2228 kg, Power 1400 Same Same
waltts.
Launch vehicle Boeing Delta Il 7920. Same Same
Command, Control, and
Communication Segment
Ground system Raytheon (C3S) and Interface Data [ Same Same

Processing Segment
(IDPS).
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Schedule Commitments

The NPP mission completed Mission Confirmation Review (MCR) in November 2003.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request

Development

CrIS Flight Model Delivery Oct 2005 May 2008 May 2008
ATMS Flight Model Delivery Apr 2005 Oct 2005 Oct 2005
OMPS Flight Model Delivery Sep 2005 Aug 2008 Aug 2008
VIIRS Flight Model Delivery Nov 2005 Apr 2009 Nov 2009
CERES Flight Model Delivery N/A N/A Oct 2008
Operations Readiness Review Jun 2006 Dec 2009 Dec 2009
Launch Oct 2006 Jun 2010 Jan 2011

Development Cost and Schedule Summary

The VIIRS sensor delivery from NASA's NPOESS partners continues to impact the NPP project.
Ongoing issues with the VIIRS sensor development has caused the NPP launch to slip again. The
revised NPP launch date is now January 2011 due to the late sensor delivery.

Current
Base Year
Base Develop- Current De\\(/?e?(;p Cost Base Year C;J(g:rnt Milestone
Project ment Cost " | Change | Key Milestone | Milestone . Change
Year | Ectimate Year | ment Cost (%) Date Mllgstone (months)
($M) Estimate ate
(M)
NPOESS Launch
Preparatory 2006 592.9( 2008 725.1 22 Readiness 4/30/2008 |1/31/2011 33
Project (NPP)
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)

Total: 592.9 725.1 132.2
Aircraft/Spacecraft 160.0 164.3 4.3
Payloads 194.2 162.3 -31.9
Launch Vehicle/Services 72.9 93.3 20.4
Ground Systems 48.2 49.4 1.2
Other Direct Project Cost 117.6 224.3 106.7
Science/Technology 0.0 315 315
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Project Management

GSFC is responsible for NPP project management. Agency PMC has program oversight
responsibility. NOAA/DOD IPO is responsible for managing development of OMPS, CrlIS and VIIRS
instruments. Responsible official is the Earth Science Division Director.

Project Element Proé?;p“gﬁgﬁgﬁgem NASA Center Performers Cost-Sharing Partners
Spacecraft GSFC None None
ATMS Development GSFC None None
OMPS Development NPOESS-IPO None NOAA / DoD (NPOESS-IPO)
CrlS Development NPOESS-IPO None NOAA / DoD (NPOESS-IPO)
VIIRS Development NPOESS-IPO None NOAA / DoD (NPOESS-IPO)
CERES Refurbishment GSFC LaRC NOAA
Data archive and storage | GSFC None NOAA
Ground Systems and Ops | NPOESS-IPO None NOAA / DoD (NPOESS-IPO)

Acquisition Strategy

Spacecraft, ATMS, and CERES were procured competitively. The VIIRS, OMPS, and CrIS were
procured competitively via the NPOESS Integrated Program Office.

The procurement award for each element was as follows:
Ball Aerospace: Spacecraft and OMPS Development;
NG Electronic Systems: ATMS Development;

ITT Aerospace: Crls Development;

Raytheon: VIIRS Development;

NG Space Technology: CERES; and

Raytheon: Ground systems and operations.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Performance NPP IRT 10/2008 Mission Operations Review/Successfully N/A
completed.
Performance NPP IRT N/A Operations Readiness Review 12/2009
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Project Risk Management

NPOESS Preparatory Project (NPP)

Title

Risk Statement

Risk Management Approach and Plan

Instrument Delivery Delay

Government has taken a
hands-on approach to the day
-to-day management of
VIIRS. The program has
installed a Government
Program Manager (GPM) at
Raytheon to provide oversight
and timely decisions. The
GPM is an experienced
NASA instrument manager.

NASA and NPOESS-IPO team working together to identify
further work-arounds to minimize impacts.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 74.4 157.8 159.5 127.6 137.5 111.2 80.4
FY 2009 President's Budget Request 74.4 125.8 161.7 129.8 140.0 113.3 --
Total Change from 2009 President's Budget 0.0 32.0 -2.2 -2.2 -2.5 -2.1 --
Request
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Project Purpose

The Global Precipitation Measurement (GPM) mission will advance the measurement of global
precipitation, making possible high spatial resolution precipitation measurements available at a three-
hour or less refresh rate over much of the globe. A joint mission with the Japan Aerospace Exploration
Agency (JAXA), GPM will provide the first opportunity to calibrate measurements of global
precipitation (including the distribution, amount, rate, and associated heat released) across tropic, mid
-latitude, and polar regions.

The GPM mission has the following scientific objectives:

(1) Advance precipitation measurement capability from space through combined use of active and
passive remote-sensing techniques. These advanced measurements will be used to calibrate
dedicated and operational passive microwave sensors with the goal of achieving global sampling.

(2) Advance understanding of global water/energy cycle variability and fresh water availability.
Improved measurements of the space-time variability of global precipitation will substantially close the
water/energy budget and elucidate the interactions between precipitation and other climate
parameters.

(3) Improve climate prediction by providing the foundation for better understanding of surface water
fluxes, soil moisture storage, cloud/precipitation microphysics and latent heat release in the Earth's
atmosphere.

(4) Advance Numerical Weather Prediction (NWP) skills through more accurate and frequent
measurements of instantaneous rain rates with better error characterizations, and the development of
improved assimilation methods.

(5) Improve flood-hazard and fresh-water-resource prediction capabilities through better temporal
sampling and wider spatial coverage of high-resolution precipitation measurements, and innovative
designs in hydro-meteorological modeling.

For more information see http://science.hqg.nasa.gov/missions/earth.html.
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Project Preliminary Parameters

The GPM Project includes a Core Observatory Spacecraft and the Low-Inclination Observatory
Spacecraft. The Core Observatory will leverage passive microwave measurements from other
operating and planned "satellites of opportunity" by calibrating their measurements to its own. The
exact sampling rate over different areas of the globe will depend on the number and orbits of the
satellites of opportunity, but given the prevalence of passive microwave instruments on operational
satellite systems, the global sampling will be robust.

The NASA Core Observatory will fly in a 65 degree inclined orbit at an altitude of 407 kilometers; the
65 degree orbit provides improved latitude coverage over TRMM (which is 35 degrees). The Core
Observatory includes two scientific instruments which will provide active and passive microwave
measurements of precipitation.

The JAXA-supplied Dual-frequency Precipitation Radar (DPR)instrument has cross-track swath widths
of 245 km and 120 km, in Ku-band Ka-band, providing three-dimensional observation of rain and an
accurate estimation of rainfall rate. The KuPR (13.6 GHz) subsystem of the DPR is an updated
version of the highly successful radar flown on TRMM.

The GPM Microwave Imager (GMIl)instrument is a conically-scanning radiometer which will provide
significantly improved spatial resolution over the TRMM Microwave Imager (TMI).

The NASA Low-Inclination Observatory will fly in a 40 degree inclined orbit to improve real-time
monitoring and prediction of hurricanes/typhoons; the satellites of opportunity will fly at multiple
altitudes and inclinations.

The Core Observatory Spacecraft will be launched from Tanegashima Space Center, Japan on an H-
IIA launch vehicle. NASA's Low-Inclination Observatory Spacecraft will be launched from Cape
Canaveral Air Force Station on a Taurus-XL class launch vehicle. The DPR and GMI data will be
relayed using the TDRSS multiple access (MA) and single access (SA) service.
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Global Precipitation Measurement (GPM)

The GPM Core Observatory is planned for a launch in July 2013 to begin a three-year prime mission
(five-year goal), followed by a launch in November 2014 of the NASA Low-Inclination Observatory, a
passive microwave spacecraft. When calibrated with existing and planned passive microwave

measurements, GPM will provide global measurements of precipitation with a sampling frequency of
three hours or less over much of the globe.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request

Provides platform for the

Core Observatory GSFC GMI and JAXA-supplied Same Same
DPR instruments

Low-Inclination Provides platform for the

Observatory GSFC second GMI instrument Same Same
Provides cross-track swath

Dual-frequency widths of 245 km and 120

Precipitation Radar JAXA km, for the Ku precipitation Same

(DPR) radar (KuPR) and Ka-band
precipitation radar (KaPR).
Provides 13 microwave
channels ranging in
frequency from 10 GHz to

GPM Microwave 183 GHz; four high

Imager (GMI) GSFC frequency, millimeter-wave, Same Same
channels about 166 GHz
and 183 GHz. 1.2 m
diameter antenna

Launch Vehicle JAXA H-11A Same Same

Estimated Project Schedule

GPM entered formulation in July 2002. Milestone dates beyond the formulation phase are preliminary
estimates pending completion of formulation.

. Formulation FY 2009 PB FY 2010 PB
Milestone Name Agreement Request Request
Estimate
Development
KDP-C Dec 2003 May 2009
Core Observatory launch readiness date (LRD) Nov 2010 Jun 2013 Jul 2013
Low-Inclination Observatory launch readiness date Jun 2014 Nov 2014
(LRD)
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Project Management

Goddard Space Flight Center (GSFC) has project management responsibility. The Agency Program
Management Council has program oversight responsibility.

The Earth Sciences Division Director is the responsible official for this project.

. Project Management .

Project Element Responsibility NASA Center Performers Cost-Sharing Partners
Core Observatory GSFC GSFC None
Core Observatory: GMI GSFC GSFC None
Core Observatory: DPR GSFC GSFC JAXA
Low-Inclination GSFC GSFC To Be Determined
Observatory
Low-Inclination
Observatory: GMI GSFC GSFC None
Laur_1ch vehicle and GSEC None JAXA
services: Core Observatory
Launch vehicle and
services: Low-Inclination GSFC KSC None
Observatory

Acquisition Strategy

The GPM instrument was selected through open competition in FY 2005. The Ball Aerospace and
Technologies Corporation will build the GPM Microwave Imager (GMI) instrument for GPM. The GPM
core spacecraft will be an in-house development at GSFC. The DPR instrument and launch vehicle
for the Core Observatory will be provided by a foreign partner (JAXA). The Low-Inclination
Observatory will be acquired by open competition through the GSFC Rapid Spacecraft Development
Office (RSDO). Its launch vehicle will be acquired via competitive process by KSC. The ground
systems for both spacecraft will be selected through open competition.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Performance IPAO 12/2005 Preliminary Design Review (PDR) was 11/2008
successful.
Performance IPAO 11/2008 Critical Design Review (CDR) 10/2009

Project Risk Management

Title Risk Statement Risk Management Approach and Plan
Non-NASA Constellation Exact global sampling NASA is developing data algorithms that allow GPM to make
elements depends on operations of the broadest possible use of microwave instruments on other
"spacecraft of opportunity" spacecraft; NASA participates in inter-agency and
that are not part of this international planning processes for operational Earth
project. observation measurements to maximize the leverage
opportunities for GPM.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 127.3 200.9 120.6 137.4 165.0 90.0 15.0
FY 2009 President's Budget Request 133.0 139.4 127.1 96.0 11.3 2.7 --
Total Change from 2009 President's Budget -5.7 61.6 -6.5 41.3 153.7 87.3 --
Request
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Project Purpose

Unprecedented changes in land cover and use are having profound consequences for weather and
climate change, ecosystem function and services, carbon cycling and sequestration, resource
management, the national and global economy, human health, and society. The Landsat data series,
begun in 1972, is the longest continuous record of changes in Earth's surface as seen from space and
the only satellite system designed and operated to repeatedly observe the global land surface at
moderate resolution. Landsat data are available at an affordable cost, providing a unique resource for
people who work in agriculture, geology, forestry, regional planning, education, mapping, and global
change research.

The purpose of the Landsat Data Continuity Mission (LDCM) is to extend the record of multi-spectral,
moderate resolution Landsat-quality data, and to meet U.S. Government operational and scientific
requirements for observing land use and land change.

For additional information, visit the LDCM Mission Home Page: http://ldcm.nasa.gov/

Project Preliminary Parameters

LDCM is being formulated for a Launch Readiness Date (LRD) that will minimize a potential data gap
in the archive due to the fuel-limited life of Landsat-7. Recent analyses by the USGS and NASA have
estimated the Landsat-7 mission should continue to operate through at least the end of 2012. The
LDCM mission completed its Initial Confirmation Review, also known as the KDP-B transition review,
on September 25, 2008, and is currently planned to be launched in December 2012.

LDCM consists of a single science instrument (the Operational Land Imager), a spacecraft, and a
mission operations ground system. The LDCM is in formulation and system level requirements are in
development to provide the following system-level performance parameters:

- Earth Spatial-Temporal Coverage: 16-day repeat coverage of the global land mass.

- Spatial Resolution: 30 meters.

- Radiometric Performance: accuracy, dynamic range, and precision sufficient to detect land cover
change using historic Landsat data.

- Data: 185-km-cross-track-by-180-km-along-track multi-spectral image of Earth surface.

- Mission Life: five years.

Starting in FY2009, NASA will develop a Thermal Infrared Sensor (TIRS) instrument, to be flown on
LDCM or (potentially) some other spacecraft. A decision as to which spacecraft will carry TIRS will be

made by summer of 2009. Meanwhile, funding for TIRS (approximately $150-175M) is now carried
within the LDCM budget.
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Estimated Project Deliverables

LDCM will launch in 2012 and operate for a minimum of five years.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request

Provide Landsat-equivalent

Operational Land Ball Aerospace and data to extend the Landsat .

Imager (OL) Technology Corporation | data of Earth's land surface | 22" Provider chosen
for five years.
Provide performance and

Spacecraft General Dynamics reliability commensurate Same Same
with OLI data requirements.

Launch Vehicle ULA Provide launch service Same Same
access to space.
Provide capability for
command and control,

Mission operations . mission scheduling, long-

ground system Hammers Corporation term trending and analysis, Same Same
and flight dynamics
analysis.

Estimated Project Schedule

In FY 2008, the LDCM Project awarded the LDCM spacecraft contract to General Dynamics and the
Mission Operations Element (MOE) system development contract (in coordination with the USGS) to
the Hammers Corporation, completing the mission complement.

In FY 2009, the LDCM Project will complete the spacecraft and MOE PDR, and the mission PDR.
The OLI will undergo critical design and fabrication in FY 2009 and 2010. System integration and test
will begin in FY 2011. Observatory integration and testing, as well as environmental testing, will take
place in FY 2011, and launch vehicle integration will begin at the start of FY 2012.

Milestone Name FAorm”'a“O” FY 2009 PB FY 2010 PB

gre_ement Request Request
Estimate

Development

Formulation

Award OLI contract June 2007 June 2007 July 2007

Confirmation Review Jan 2008 Jan 2008 Dec 2009

Critical Design Review (CDR) Feb 2009 Feb 2009 Apr 2010

PSR May 2011 May 2011 Jun 2012

Launch Jan 2011 Jan 2011 Dec 2012
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Project Management

Goddard Space Flight Center is responsible for project management. The Science Mission
Directorate Program Management Council has program oversight responsibility. The Earth Science
Division Director is the responsible official for this project.

Project Element Project Mangg_e_ment NASA Center Performers Cost-Sharing Partners
Responsibility

Operational Land Imager GSFC GSFC None

Spacecraft GSFC GSFC None

Ground System GSFC GSFC u.s. Department of Interior-U.S.
Geological Survey

Mission Operations GSFC GSFC u.S. Dgpartment of Interior-U.S.
Geological Survey

Acquisition Strategy

NASA's acquisition plan includes acquiring separate elements of the LDCM mission through open
competition, with GSFC acting as the mission integrator and leading the element source selections.
NASA has issued competitively selected contracts for the following major elements: to the Ball
Aerospace and Technology Corporation for the development of the Operational Land Imager in July
2007, to the General Dynamics Corporation for the development of the spacecraft in April 2008, and

to the Hammers Corporation for the development of the MOE in September 2008.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Performance HQ and GSFC|9/2008 Systems Requirement Review (SRR) - N/A
Successful
Performance HQ and GSFC|N/A Mission Preliminary Design Review 7/2009

Project Risk Management

Title

Risk Statement

Risk Management Approach and Plan

Focal Plane Array (FPA)
Development Risk

The technical risk in LDCM is
low to moderate. The system
component with the greatest
associated risk is the Focal
Plane Array (FPA). The FPA
has proven flight heritage, but
intrinsic development risk
which could impact the LDCM
schedule.

Risk mitigation strategies are based upon proven NASA
methodologies that include the required instrument
manufacturer risk mitigation strategy implementation and
correlated Government expert oversight, an extensive peer-
review process, enhanced FPA deliverables and test
scenarios, and in-plant expert representation.

Manifest Uncertainty

If direction is given to add a
thermal infrared sensor
(TIRS) instrument to the
LDCM late, the change could
significantly impact the
mission design, cost, and
delivery schedule.

The project office has taken steps to reduce the impact by
adding extra capacity to the spacecraft specification to
accommodate an extra instrument. The Earth Science
Division has authorized engineering and technology risk
reduction work on the most probable TIRS instrument
approach, so that the instrument could be ready with minimal
schedule impact to the LDCM mission.
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Mission Directorate: Science
Theme: Earth Science

Program: Earth Systematic Missions
Project In Formulation: Ice, Cloud, and Land Elevation Satellite (ICESat Il)

FY 2010 Budget Request

FY 2008  FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 9.6 38.8 39.2 74.6 99.1 126.9 161.7
Total Change from 2009 President's Budget 9.6 38.8 39.2 74.6 99.1 126.9 --
Request

Project Purpose

The Ice, Clouds, and land Elevation Satellite 1l (ICESat-1l) satellite will continue the measurements
begun with the ICESat mission, measuring elements of ice-sheet mass balance, cloud-top and land-
surface topography, to quantify polar ice sheet contributions to current and recent sea level change
and the linkages to climate conditions. In addition, ICESat-1I will quantify regional signatures of ice
sheet changes to assess mechanisms driving that change and improve predictive ice sheet models.
The science focus areas served by ICESat include: climate variability and change; earth surface and
interior; and water and energy cycles.

The ICESat-1l mission is one of four missions recommended for launch by NASA in the 2010-2013
time frame by the National Research Council (NRC) report entitled, "Earth Science and Applications
from Space: National Imperatives for the Next Decade and Beyond". The ICESat-1l mission will draw
heavily from the original ICESat satellite launched in 2003 and still operating at the start of 2009.

For more information see http://nasascience.nasa.gov/missions/icesat2

Project Preliminary Parameters

The ICESat-II observatory employs a dedicated spacecraft with a single nadir pointing surface
profiling lidar. It will be launched into a 94 deg, 91 day repeat frozen orbit.

Estimated Project Deliverables

ICESat-Il is still in pre-formulation and does not yet have an official launch date; however, the pre-
Phase A target launch date is late 2014/early 2015 with a notional 3 year prime mission.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Spacecraft TBD Competitively selected N/A New
Lidar Instrument GSFC Sir_lgl_e beam profiling, nadir N/A New
pointing
Launch Vehicle TBD Competitively selected N/A New
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Earth Science
Earth Systematic Missions
Ice, Cloud, and Land Elevation Satellite (ICESat II)

ICESat-Il is still in pre-formulation. Milestone dates beyond the formulation phase are preliminary
estimates pending completion of formulation.

Milestone Name Formulation FY 2009 PB FY 2010 PB
Agrgement Request Request
Estimate
Formulation
Formulation
KDP-A N/A N/A September 2009
Launch readiness date (LRD) N/A New '531952014/ Early

Project Management

The Goddard Space Flight Center (GSFC) has project management responsibility. The Science
Mission Directorate Program Management Council has programmatic oversight. The Earth Sciences
Division Director is the responsible official for this project.

Project Element Prolj?tzcstpl\c/)lﬁr;?tﬁﬁgent NASA Center Performers Cost-Sharing Partners
Spacecraft GSFC TBD TBD
Lidar GSFC GSFC None
Mission Operations GSFC TBD TBD
Launch Vehicle GSFC TBD TBD

Acquisition Strategy

The ICESat-I lidar instrument will be built in-house at the GSFC. The spacecraft vendor will be
competitively selected. The approach for the mission operations element has not yet been
determined. The source and selection method for launch services will be determined later in

formulation.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
ICESat-II
Performance Independent  |N/A Mission Concept Review 07/2009
Review Team
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Mission Directorate: Science
Theme: Earth Science

Program: Earth Systematic Missions
Project In Formulation: Soil Moisture Active and Passive (SMAP)

FY 2010 Budget Request

FY 2008  FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 9.6 104.3 70.0 132.2 180.4 135.0 40.0
Total Change from 2009 President's Budget 9.6 104.3 70.0 132.2 180.4 135.0 --
Request

Project Purpose

The Soil Moisture Active and Passive (SMAP) mission will provide new information on global soil
moisture and its freeze/thaw states enabling new advances in hydrospheric science and applications.
Direct measurements of soil moisture and freeze/thaw states are needed to improve our
understanding of regional and global water cycles, terrestrial ecosystems, and the processes that link
the water, energy, and carbon cycles. Soil moisture and freeze/thaw information provided by SMAP
will lead to improved weather forecasts, flood and drought forecasts, and predictions of agricultural
productivity and climate change, as well as improved understanding of the sources and sinks of
carbon. Soil moisture and soil freeze/thaw information is useful for many purposes, so the Mission will
contribute to the goals of other Earth Science Focus Areas (Carbon Cycle, Ecosystem, Weather, and
Climate).

The SMAP mission is one of four missions recommended for launch by NASA in the 2010-2013 time
frame by the U.S. National Research Council (NRC) report entitled, "Earth Science and Applications
from Space: National Imperatives for the Next Decade and Beyond". SMAP is based on the soll
moisture and freeze/thaw mission concept developed under the NASA Earth System Science
Pathfinder (ESSP) Program Hydrosphere State (Hydros) project and builds on the Hydros formulation
and technology risk mitigation studies conducted in 2003 - 2005.

For more information see http://nasascience.nasa.gov/missions/smap

Project Preliminary Parameters

The SMAP observatory employs a dedicated spacecraft with an instrument suite that will be launched
into a near-polar, sun-synchronous orbit on an expendable launch vehicle. The baseline SMAP
instrument suite includes a radiometer and a synthetic aperture radar operating in the L-band range
(1.20-1.41 GHz) designed to make coincident measurements of soil emission and backscatter and
sense the top 5 cm of soil through moderate vegetation cover. These measurements will be analyzed
to yield estimates of soil moisture and freeze/thaw state. The measurements will be acquired for a
period of three years, and a comprehensive validation program will be used to assess random errors
and regional biases in the soil moisture and freeze/thaw estimates.
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Estimated Project Deliverables

SMAP is planned for a launch in late 2013/early 2014 to begin a three-year prime mission. SMAP will
make soil moisture measurements around the entire Earth every 3 days.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Spacecraft JPL Provides platform for the N/A New
instrument

Combined with Radiometer
provides soil moisture

JPL measurements in the top 5 | N/A New
cm of soil through
moderate vegetation cover

Combined with SAR
provides soil moisture
L-Band Radiometer GSFC measurements in the top 5 | N/A New
cm of soil through
moderate vegetation cover

Launch Vehicle TBD TBD N/A New

L-Band Synthetic
Aperture Radar (SAR)

Estimated Project Schedule

SMAP entered formulation in September 2008. Milestone dates beyond the formulation phase are
preliminary estimates pending completion of formulation.

Milestone Name IZormuIation FY 2009 PB FY 2010 PB
grgement Request Request
Estimate
Formulation
Formulation
KDP-C April 2010 December 2010
Launch readiness date (LRD) March 2013 IégtltszOlS/E«'slrly
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Project Management
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Soil Moisture Active and Passive (SMAP)

The Jet Propulsion Laboratory (JPL) has project management responsibility for SMAP. The Science
Mission Directorate Program Management Council has program oversight responsibility.
The Earth Sciences Division Director is the responsible official.

Project Element

Project Management

Responsibility

NASA Center Performers

Cost-Sharing Partners

Spacecraft JPL JPL None

L-Band Synthetic Aperture

Radar (SAR) JPL JPL None

L-Band Radiometer JPL GSFC None

Launch Vehicle JPL To be determined To be determined

Acquisition Strategy

The SMAP Spacecraft will be built in-house at JPL. The SMAP instrument, combining the Synthetic
Aperture Radar (SAR) and radiometer, will be integrated by JPL. The SAR will be built by JPL. The
radiometer will be built by GSFC. The Deployable Antenna/Boom and instrument spin assemblies

will be procured through an open competition. The source and selection method for launch services
will be determined later in formulation.

Independent Reviews

Review Type

Performer

Last Review

Purpose/Outcome

Next Review

SMAP

Performance Standing

SRB

Review Board

06/2008

Mission Concept Review - The SRB deemed
that the SMAP project met the success criteria

for the MCR.

02/2009

SMAP

Performance Standing

SRB

Review Board

02/2009

Mission Design Review-successfully completed.

05/2009
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Mission Directorate: Science

Theme: Earth Science
Program: Earth System Science Pathfinder

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 106.8 118.3 63.9 128.8 114.2 121.4 119.1
Request
Aquarius 334 447 18.3 6.3 4.2 2.8 0.0
Venture Class Missions 0.0 21.0 12.9 79.2 66.5 75.1 75.7
Other Missions and Data 73.4 52.6 32.8 43.3 43.5 435 434
Analysis
FY 2009 President's Budget 113.8 88.6 58.8 37.4 50.0 54.9 --
Request
Orbiting Carbon Observatory 35.6 25.4 9.0 14 0.0 0.0 --
(0OCO)
Aquarius 48.6 33.8 27.9 5.1 4.0 29 --
Other Missions and Data 29.6 29.4 21.9 30.8 46.0 52.0 --
Analysis
Changes from FY 2009 Request -7.0 29.7 5.2 91.4 64.3 66.5 --

Note: Includes $36.6M in Recovery Act funding in FY09

Program Overview

The Earth System Science Pathfinder Program (ESSP) addresses unique, specific, highly-focused
mission requirements in Earth Science research. ESSP includes a series of relatively low-to-
moderate cost, small-to-medium sized, competitively selected, Principal Investigator-led missions.
These missions, which are built, tested and launched in a short time interval, complement the larger
Earth Systematic Missions (ESM). They are capable of supporting a variety of scientific objectives
related to Earth science, including studies of the atmosphere, oceans, land surface, polar ice regions,
and solid Earth. Investigations include development and operation of remote-sensing instruments
and the conduct of investigations using data from these instruments.

ESSP currently has one mission in development (Aquarius) and three operating missions (Gravity
Recovery and Climate Experiment [GRACE], CloudSat, and Cloud-Aerosol Lidar and Infrared
Pathfinder Satellite Observations [CALIPSQ]). Future ESSP missions will be selected from proposals
submitted in response to Announcements of Opportunity.

NASA is determining how best to meet the lost science contribution after the OCO launch vehicle
failure. We have initiated studies to examine both science and hardware considerations. The
science study is assessing the current state of carbon cycle science and existing measurements to
see what course of action would best address the key science issues. On the hardware side, NASA
is examining reflight opportunities, including, but not limited to, flying an OCO-like instrument on a
shared platform or as a dedicated mission.

ESSP supports missions that complement those of the larger Earth Systematic Missions which are
designed to facilitate on-going or operational measurements.

For more information see http://earth.nasa.gov/essp/index.html/.
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Plans For FY 2010

The Earth System Science Pathfinder (ESSP) Program plans for FY10 include completion of
Aquarius/SAC-D observatory environmental testing, Operational Readiness Review and mission
launch. GRACE, CloudSat, and CALIPSO will continue operations as determined by the 2009 Senior
Review process. ESSP will also begin the first phase of the Venture Class mission activities.

Project Descriptions and Explanation of Changes

Aquarius

Aquarius will observe and model seasonal and year-to-year variations of sea-surface salinity and
how these variations relate to changes in the water cycle and ocean circulation. The science focus
areas served by Aquarius will include: climate variability and change; and water and energy cycles.
Aquarius is currently in Phase C-D with a planned launch date of May, 2010 and 3 years of prime
mission life. Additional detail can be found in the Aquarius section of this document.

Venture Class Missions

"Venture-class" Earth System Science Pathfinder missions have been established in response to the
National Research Council's Earth Science Decadal Survey. Venture-class missions will be small,
competed science investigations, and may include suborbital payloads; instruments to be flown on
non-NASA spacecraft; and small, focused satellites.

Other Missions and Data Analysis

Included in this line item are three operating spacecraft:

- the Gravity Recovery and Climate Experiment (GRACE), launched in 2002, measures Earth's
gravity field and its variations with time.

- CloudSat, launched in 2006, measures cloud characteristics to increase understanding of the role
of optically thick clouds in Earth's radiation budget.

- The Cloud-Aerosol Lidar and Infrared Pathfinder Satellite Observations (CALIPSO) mission,
launched in 2006, measures the vertical distribution of clouds and aerosols.

In addition, this line includes the ESSP research project which funds science teams for the ESSP

missions. The science teams are comprised of competitively selected individual investigators who
analyze data from the missions to address the related science questions.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Senior Review (SR) to make recommendations | GRACE, CloudSat, and CALIPSO no change
on mission extensions
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |

Aquarius Tech
Oct-03 Sep-05

Oct-05 Apr-10
May-10 May-13

Gravity Recovery and
Climate Experiment
(GRACE)

Mar-02 Sep-11

CloudSat

Apr-06 Sep-11

Cloud-Aerosol Lidar
and Infrared Pathfinder
Satellite (CALIPSO)

Apr-06 Apr-09
Apr-11

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project
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Program Management

The Agency Program Management Council has program oversight responsibility.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Aquarius JPL JPL Argentina’'s Comision Nacional De
Actividades Espaciales (CONAE),
National Oceanic and Atmospheric
Administration, Naval Research
Laboratory, National Center for
Atmospheric Research.

Gravity Recovery and Climate | Earth Science Division JPL Deutches Zentrum fur Luft- und
Experiment (GRACE) Raumfahrt (DLR, the German
Aerospace Center); Office National
d'Etudes et de Recherches
Aerospatiale (ONERA) of France;
GeoForschungsZentrum (German
National Research Centre for
Geosciences); National Oceanic and
Atmospheric Administration; National
Geospatial-Intelligence Agency.

CloudSat Earth Science Division JPL Canadian Space Agency; U.S. Air
Force; Department of Energy.
Cloud-Aerosol Lidar and Earth Science Division LaRC France's Centre National d'Etudes
Infrared Pathfinder Satellite Spatiales (CNES, the National Center
Observations (CALIPSO) for Space Studies) and Alcatel;

SODERN; Institut Pierre Simon
Laplace, France.
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Acquisition Strategy

ESSP program missions are selected competitively via Announcements of Opportunity (AO). The AO
process uses peer review for the science content of the proposed missions, as well as thorough
independent review of their technical, management, and cost elements.

In FY 2007, GRACE and CloudSat went through the biennial competitive Senior Review process and
were approved for continued extended mission operations.

GRACE Project Team: Amarillo Independent School District; Applied Physics Laboratory, Johns
Hopkins University; Llano Independent School District, Messalonskee School System; GSFC,
Center for Space Research; Univ. of Texas at Austin. Analytical Mechanics Associates; Elizabeth
Board of Education, Killeen Independent School District; MIT, Dept of Earth, Atmospheric &
Planetary Sciences; Mid-Prairie Community School District; KSC; LaRC; Space Systems Loral;
Sunray Independent School District; Texas Space Grant Consortium; Univ. of Colorado, Physics
Department; Ohio State Univ., Civil & Environmental Engineering and Geodetic Science; Stanford
Telecon; TRW; DJO, DASA, Jena-Optronik, Gm.

CloudSat Project Team: Colorado State Univ. Pl and team, E&PO effort; Ball Aerospace ;
Cooperative Institute for Research in the Atmosphere (CIRA; Colorado State Univ.) operates Data
Processing Center. LaRC Atmospheric Sciences Data Center delivers data products to CIRA. GSFC
delivers data products to CIRA. European Centre for Medium-Range Weather Forecasts met
forecast data to CIRA. GLOBE program (Boulder, Colorado) prime education partner. USAF Space
Test Program conducts mission operations out of Kirtland AFB, Albuquerque, NM.

CALIPSO Project team: LaRC systems engineering, payload mission ops, science data validation,
data processing and archiving. Ball Aerospace CALIOP and wide-field camera, payload integration,
LV support, science data downlink. Hampton Univ. manages quid pro quo validation effort, E&PO
effort, and leads International Science Advisory Pane

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Quality Senior Review |04/2007 GRACE and CloudSat were reviewed as part of [04/2009
Panel the Earth Science biennial Senior Review

process. Both missions were ranked very high
for data quality and relevance to the NASA
Earth Science Theme objectives.
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 148.2 334 447 18.3 6.3 4.2 2.8 0.0 0.0 257.8
Budget Request

Formulation 35.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.6
Development / 112.6 334 447 15.8 0.0 0.0 0.0 0.0 0.0 206.4
Implementation

Operations / Close-out 0.0 0.0 0.0 25 6.3 4.2 2.8 0.0 0.0 15.8
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 149.7 48.6 33.8 27. 51 4.0 29 - 0.0 272.0
Budget Request

Formulation 35.6 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 35.6
Development / 1141 48.6 33.8 26.2 0.0 0.0 0.0 -- 0.0 222.7
Implementation

Operations / Close-out 0.0 0.0 0.0 17 5.1 4.0 2.9 -- 0.0 13.7
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Changes from FY 2009 -15 -15.2 10.9 -9.6 11 0.2 -0.1 - 0.0 -14.2
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Development / -1.5 -15.2 10.9 -10.4 0.0 0.0 0.0 = 0.0 -16.3
Implementation

Operations / Close-out 0.0 0.0 0.0 0.8 12 0.2 -0.1 -- 0.0 21
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0

Note: The FY 2010 LCC number in the table above is understated by $2.2M due to the difference in the FY09 enacted bill and
the April 2009 initial operating plan. Assuming approval of NASA's Initial Operating Plan for FY 2009, the estimated lifecycle cost
of Aquarius will be $260.0M, a reduction of $12.0M from last year's estimate; the estimated Development cost will be $208.6M.

Explanation of Project Changes

The FY 2009 Budget for Aquarius reflected early estimates for the cost of the launch delay from July
2009 to May 2010. While the launch remains planned for May 2010, current cost trends and revised
estimates are lower than budgeted last year.
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Project Purpose

The Aquarius mission will investigate the links between the global water cycle, ocean circulation, and
climate. It will observe and model variations of sea surface salinity, and how these relate to changes in
the water cycle and ocean circulation. This will yield an unprecedented view of the oceans' role in
climate and weather.

For more information visit: http://aguarius.gsfc.nasa.gov/

Project Parameters

Aquarius is an instrument on Argentina’'s National Committee of Space Activities (CONAE) spacecratft,
Satellite de Aplicaciones Cientificas-D (SAC-D). The combined NASA and CONAE instruments and
spacecraft form the Aquarius/SAC-D observatory. This observatory will be launched into a polar, Sun-
synchronous orbit that allows global coverage of ice-free ocean surfaces consistent with
Aguarius/SAC-D science observational targets. The Aquarius instrument includes an L-band
microwave radiometer (1.413 GHz) and scatterometer (1.26 GHz). The radiometer will measure the
surface brightness temperature, which is related to the surface emissivity and physical temperature of
the seawater. The surface emissivity is determined by the dielectric constant of seawater, which is
related to salinity. The scatterometer is required to provide coincident information of sea surface
roughness, a critical correction term for retrieval of sea surface salinity.

Project Commitments

Aquarius will launch in May 2010 to begin a three-year prime mission to measure sea surface salinity
(SSS) with the precision, resolution, and coverage needed to characterize salinity variations and
investigate the linkage between ocean circulation, Earth's water cycle, and climate variability.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
L-band microwave
radiometer at 1.413 GHz;
scatterometer at 1.26 GHz;
Aquarius Instrument SSS measurements with
(integrated radiometer/ | JPL root-mean-sq random Same Same
scatterometer) errors and systematic
biases <= 0.2 psu on 150
km sq scales over ice-free
oceans.
Spacecraft CONAE SAC-D Same Same
Launch Vehicle Boeing Delta Il Same Same
Data Management GSFC N/A Same Same
Operations CONAE Command and telemetry Same Same
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Aquarius

Schedule Commitments

The Aquarius mission entered a Risk Mitigation Phase (RMP) in July 2002. Following the RMP, the
project was authorized to proceed to a formulation phase in December 2003. The Aquarius mission
was authorized by the NASA Science Mission Directorate to proceed to Development on October 12,
2005. In November 2007, the NASA Science Mission Directorate Program Management Council
approved a rebaseline of Aquarius, including a launch delay to May 2010.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
Mission Confirmation Review September 2005 September 2005 September 2005
Mission CDR August 2007 April 2008 July 2008
Aquarius Instrument Pre-ship Review [FY08 APG] May 2008 May 2008 May 2009
Launch March 2009 May 2010 May 2010
Development Cost and Schedule Summary
Base Year C:J(Lraernt Current
Develop- Cost Base Year Milestone
Project 322? ment Cost C$rer:rnt Develop- | change | Key Milestone | Milestone Mil\e(zz?c:ne Change
Estimate ment Cost (%) Date D (months)
($M) Estimate ate
(M)
Aquarius 2007 192.6[ 2009 208.6 g|Launch 7/1/2009  |5/1/2010 10
Readiness
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 192.6 208.6 16.0
Payloads 55.4 88.1 32.7
Launch Vehicle/Services 78.9 76.1 -2.8
Ground Systems 5.5 4.3 -1.2
Science/Technology 10.9 9.6 -1.3
Other Direct Project Cost 41.9 30.5 -11.4
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Aquarius

The Jet Propulsion Laboratory is responsible for project management. The Science Mission
Directorate Program Management Council is responsible for program oversight.

The Earth Science Division Director is the responsible official for this project.

Project Element Proéeecstpl\c/l)ﬁgﬁﬂﬁgent NASA Center Performers Cost-Sharing Partners
Launch Vehicle KSC KSC None
Ground System JPL GSFC None
Aquarius Instrument JPL JPL None
Spacecraft CONAE None CONAE
Radiometer JPL GSFC None
Data management GSFC GSFC/JPL None
Mission operations CONAE None CONAE

Acquisition Strategy

Aquarius was competitively selected from proposals submitted in response to Earth System Science
Pathfinder (ESSP) Announcement of Opportunity 3. All elements of the project were included in that
selection, and there are no other planned major procurements.

The launch vehicle procurement was awarded to Boeing. Goddard Space Flight Center and the Jet
Propulsion Laboratory were selected for the remaining project elements not provided by CONAE.

Independent Reviews

Review Type

Performer Last Review

Purpose/Outcome

Next Review

Performance

Aquarius
Standing
Review Board

7/2008

Mission Critical Design Review (CDR) was

successful

N/A

Performance

Aquarius
Standing
Review Board

N/A

System Integration Review (SIR)

05/2009

Project Risk Management

Title

Risk Statement

Risk Management Approach and Plan

Spacecraft Development

Delays

launch date.

Further delays could impact

Monitor COMISION NACIONAL DE ACTIVIDADES
ESPACIALES (CONAE) Progress and confirm commitments;
reassess available schedule reserves.
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FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 143.0 148.1 149.9 160.3 165.4 161.3 165.5
Request
Earth Science Multi-Mission 143.0 148.1 149.9 160.3 165.4 161.3 165.5
Operations
FY 2009 President's Budget 167.8 140.5 159.1 157.9 166.5 170.9 -
Request
Earth Science Multi-Mission 167.8 140.5 159.1 157.9 166.5 170.9 -
Operations
Changes from FY 2009 Request -24.8 7.5 -9.2 2.4 -1.1 -9.5 --

Note: Includes $7.5M in Recovery Act funding in FY09
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Program Overview

The Earth Science Multi-Mission Operations Program acquires, preserves, and distributes
observational data to support Earth Science focus areas in conformance with national science
objectives. The Earth Science focus areas are as follows: (1) Climate variability and change; (2)
Atmospheric composition; (3) Carbon cycle, ecosystems, and biogeochemistry; (4) Water and energy
cycles; (5) Weather; and (6) Earth surface and interior. Facilities involved in this undertaking include
data-handling, data processing, and archiving systems.

NASA's principal Earth Science information system is the Earth Observing System Data and
Information System (EOSDIS), which has been operational since August 1994. EOSDIS acquires,
processes, archives, and distributes Earth Science data and information products created from
satellite data, which arrive at the rate of more than four trillion bytes (4 terabytes) per day. Having
successfully created this system, NASA is using advances in information technology to expand its
capabilities while providing continuous service to the user community.

The Evolution of EOSDIS Elements (EEE) effort is increasing efficiency and operability; increasing
data usability by the research, application, and modeling communities; providing services and tools
needed to enable use of NASA's Earth Science data in next-decadal models, research results, and
decision support system benchmarking; and improving support for end users. The evolved system is
being phased in -- a process that began in FY 2006 -- with milestones developed through 2008. The
budget request for FY 2010 incorporates cost savings that will result from this effort. A system plan
for 2015 will guide further improvements. Very modest investments will enable the system to keep
technologically current, and incorporate new research data and services.

NASA Earth Science information is archived at eight Distributed Active Archive Centers (DAACS)
located across the United States. The DAACSs specialize by topic area, and make their data available
to researchers around the world. For more information, please see http://eos.nasa.gov/eosdis.

Research opportunities related to EOSDIS are available through the Advanced Collaborative
Connections for Earth System Science (ACCESS) at http://access-projects.gsfc.nasa.gov/ and
Making Earth System data records for Use in Research Environments (MEaSURES) at
http://measures-projects.gsfc.nasa.gov/ programs. Participants in these programs are solicited
through the Research Opportunities in Space and Earth Sciences (ROSES), the NASA Research
Announcement soliciting basic and applied research proposals.
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Plans For FY 2010

The Earth Science Multi-Mission Operations Program will continue operation of EOSDIS, the DAACs
and their accompanying functions, as well as Core System Science Data Processing Systems. The
maintenance of these systems is important to the collection of data from Earth Science satellites in
orbit, as well as to the continuity of Earth Science research efforts.

The Step 1 Evolution of EOSDIS Elements (EEE) effort, begun in 2006, is essentially complete.
Savings and operational benefits from the Step 1 are being realized in FY 2009 and beyond. NASA
plans to continue the support of the EEE to enable a service oriented architecture between now and
2015.

Five-year MEaSURES Projects began work in 2008 to continue NASA support of the development of
multi-instrument Earth System Data Records, including Climate Data Records. A new Advanced
Collaborative Connections for Earth System Science (ACCESS) solicitation is being readied for
NASA's Research Opportunities in Space and Earth Sciences - 2009 (ROSES-2009). These
Cooperative Agreements are proving very valuable for keeping research and modeling communities
actively involved with the EOSDIS architecture, and informing core infrastructure evolution decisions.
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Project Descriptions and Explanation of Changes

EOSDIS

EOSDIS is the central data handling system for NASA's Earth Science efforts. EOSDIS components
funded in the project include:

* Production of standard science data products, using algorithms and software developed by
EOS investigators;

* Active archive of data, as well as ordering, distribution, and data management. Also ensures
the preservation of data, products, related algorithms, and system-configuration history;

* Information Management, enabling researchers to rapidly locate and retrieve data critical to
their work; and

* User Support for research scientists, educators, students, and users in public agencies
responsible for operational applications of the data, as well as for the general public.

Nominal EOSDIS development ended in FY 2007. All future development and improvements to
the system will be planned through the Evolution of EOSDIS Elements process.

The Precipitation Processing System (PPS) is a measurement-based data and information system at
GSFC that evolved from the TRMM Science Data and Information System (TSDIS). PPS continues
to support the TRMM Science Team with analyzed rainfall data from TRMM as well as data from
other precipitation instruments, and is also developing further to support the upcoming Global
Precipitation Mission (GPM) to be launched in 2013.

Earth Science Multi-Mission Operations

This project funds the Elements of EOSDIS Evolution, aimed at improving the efficiency and
effectiveness of EOSDIS while reducing the cost, and the Distributed Active Archive Centers, which
collect, disseminate, and archive Earth Science data at eight centers across the Nation:

-The Alaska SAR Facility, which collects Synthetic Aperture Radar data, and information on sea ice,
polar processes, and geophysics;

-The GSFC Earth Sciences Data and Information Services Center, which collects information on
atmospheric composition, atmospheric dynamics, global precipitation, ocean biology, ocean
dynamics, and solar irradiance;

-The Langley Research Center DAAC, which collects data on Earth's radiation budget, clouds,
aerosols, and tropospheric chemistry;

-The Land Processes DAAC, which collects land processes data;

-The National Snow and Ice Data Center, which collects snow and ice data, as well as information
about the cryosphere and climate;

-The Oak Ridge National Laboratory DAAC, which collects data on biogeochemical dynamics, and
ecological data for studying environmental processes;

-The Physical Oceanography DAAC, which collects information on oceanic processes and air-sea
interactions; and

-The Socioeconomic Data and Applications Center, covering population, sustainability, multilateral
environmental agreements, natural hazards, and poverty.
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Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Provide services and tools needed to enable use | EOSDIS and DAACs None.

of NASA's Earth Science data in next-decadal
models, research results, and decision support
system benchmarking.

Implementation Schedule

Project Schedule by Fiscal Year Phase Dates

Prior [os [o9 [10] 11 121314151617 1819 20]21] 22 | Beg | End |
EOSDIS and Multi- Tech

Mission Operations
(including DAACS)

Elements of EOSDIS |
Evolution (phased start-
up beginning in FY

2008) |

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

The Science Mission Directorate and the Program Management Council have oversight responsibility
for this program. The Earth Science Data and Information System Project Office at GSFC has primary
responsibility for the program.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
Precipitation Processing GSFC GSFC NASA operates and is further
System (PPS) developing the PPS to provide

analyzed data from the TRMM and
GPM missions. Both TRMM and GPM
are joint missions of NASA and JAXA,
a key stakeholder

ACCESS, MEaSUREs (peer- SMD NASA Headquarters | None.
reviewed data research
opportunities)

Multi-Mission Operations GSFC Earth Science Data | Key participants in the Multi-Mission
(operations and maint. of Core and Information Operations project include the space
EOSDIS systems; DAACSs, Systems Office, agencies of Europe, Canada,
Evolution of EOSDIS) Goddard Space Germany, France, and Japan. Other
Flight Center U.S. agency partners include the

National Oceanic and Atmospheric
Administration (Department of
Commerce), U.S. Geological Survey
(Department of the Interior), and the
Department of Defense.
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Acquisition Strategy

The EOSDIS Core System is a high-performance software system that provides science data ingest,
archive and distribution capabilities for a multitude of Earth science instruments. Maintenance and
operations for this system, utilized by three DAAC's post-Step 1 Evolution of EOSDIS Elements, is
performed under contract procured by GSFC. The contract, managed by the ESDIS Project at
GSFC, will be recompeted during this year

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Other Earth Science [1/2008 The Earth Science Subcommittee reported that |TBD
Subcommittee they were impressed by the success and clear
sense of direction of this program.
Quality DAAC Data |01/2006 DAAC archive holdings peer reviewed for TBD
Priority scientific merit. Multiple reviews related to
Workshops individual research areas, all successful, several
recommendations in work.
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FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 43.0 54.1 45.9 47.2 48.2 49.5 52.7
Request

Earth Science Technology 43.0 54.1 45.9 47.2 48.2 49.5 52.7
FY 2009 President's Budget 47.3 46.1 49.2 50.6 51.6 52.8 --
Request

Earth Science Technology 47.3 46.1 49.2 50.6 51.6 52.8 --
Changes from FY 2009 Request -4.3 8.0 -3.3 -3.3 -3.3 -3.3 --

Note: Includes $8M of Recovery Act funding in FY09

Program Overview

Advanced technology plays a major role in enabling Earth research and applications programs by
providing an improved understanding of the total Earth system and its effects of natural and human-
induced changes on the global environment. The Earth Science Technology Program (ESTP)
provides the Earth Science Division with new capabilities, enabling previously unforeseen and
infeasible science investigations, enhancing existing measurement capabilities, and reducing the
cost, risk, and development times of Earth science measurements.

The Earth Science Technology Office (ESTO) provides strategic, science-driven technology
assessments and requirements development. The program implements a science focused technology
program by pursuing promising scientific and engineering concepts through open competition
solicitations.

For more information, please see: http://esto.nasa.gov

Plans For FY 2010

ESTP will plan and implement development of hew remote-sensing and information systems
technologies for infusion into future science missions in order to enable, or dramatically enhance,
measurements and data system capabilities. Planning will start with measurement priorities
established by the science community, leading to systematically developed technology requirements
and priorities. Studies may be conducted to assess measurement options for meeting technology
performance requirements. Implementation will be performed through managing awarded tasks from
competed solicitations in the three project areas: Instrument Incubator, Advanced Information
Systems, and Advanced Technology Initiatives. Ongoing activities in these areas are described in
more detail in the project description section below.

For FY2010 new work will only be solicited in the Instrument Incubator area. This FY2010 solicitation
is planned to be part of the ROSES-2009 NASA Research Announcement. The solicitation will be a
call for Earth science instrument system technology to address the measurements called for in the
NRC Decadal Survey.
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Project Descriptions and Explanation of Changes

Instrument Incubator

This project develops new and innovative instruments and measurement techniques at the system
level, including laboratory development and airborne validation.

A solicitation for new instrument technologies was released in FY2007 and 21 new awards were
made for sensors measuring atmospheric trace gases, aerosols, clouds, gravity fields, ocean
topography, tropospheric winds, thermal land imaging, Earth radiation balance, precipitation, ocean
color, snow, and vegetation. Instrument technologies include imagers, spectrometers, lidars,
microwave sounders, and radars. These projects started in FY2008 and will continue through
FY2011.

Some notable recent Instrument Incubator demonstrations include airborne radar measurements of
Greenland ice sheet basal topography from high altitude and in two dimensions, the first
simultaneous lidar measurements of tropospheric water vapor and aerosols from an aircraft, a
ground-based demonstration of the hybrid Doppler wind lidar with simultaneous coherent and direct
detection measurements, and airborne Ka-band interferometric synthetic aperture radar (SAR)
topography measurements.

Advanced Information Systems Technology

This project develops end-to-end information technologies that enable new Earth-observation
measurements and information products. The technologies are used to process, archive, access,
visualize, communicate, and understand science data.

A solicitation released in June 2008 awarded 20 additional projects in early FYQ9, focused on three
areas needed to support future Earth science measurements: Sensor System Support (to
incorporate autonomy and rapid response in the sensing process and improve the science value of
data); Advanced Data Processing (to improve or enhance the information extracted from the data
stream); and Data Services Management (to better manage the growing body of Earth science data
and allow for efficient exchange).

As examples, one project team deploys a fleet of SnoMote robots to test their mobile sensor network
on Mendenhall Glacier in Alaska; the autonomous SnoMotes are designed to gather in-situ science
data in dangerous, volatile ice environments to augment remote sensing data with accurate ground-
truth measurements. Another task develops an inter-operable sensor architecture system that
integrates four satellites, a UAV, and multiple ground sensors, data algorithms, and models, and has
been demonstrated as a tool to help manage wildfires.

SCI-78



Mission Directorate: Science

Theme: Earth Science
Program: Earth Science Technology

Advanced Technology Initiatives

The Advanced Technology Initiatives element provides for the development of critical component
and subsystem technologies for the instruments and platforms which support the Earth Science
Decadal Survey.

In 2008, the Advanced Technology Program solicited, via ROSES, for technologies such as: space-
gualifiable laser transmitters, passive optical technologies, microwave and calibration technologies.
Sixteen awards were made, supporting 14 of the 15 NASA Earth Science Decadal Survey missions.
Some examples of these awards follow. A corrugated mirror telescope array for lidar will support
seven of the Decadal Survey missions and help to enable the measurement of ice, crustal
deformation, carbon dioxide and even 3D winds. Another notable technology is a large aperture
deployable reflector which will support: soil moisture, ocean and river water dynamics, temperature
and humidity soundings and snow accumulation for fresh water assessments. Other awards support
measurements of: solar radiance, ozone, aerosols, atmospheric gas columns for air quality and
ocean color for coastal ecosystem health and climate emissions.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Annually advance a portion of funded technology | ESTP same

developments by one technology readiness
level.

Annually mature several technologies to the ESTP same
point of readiness for demonstration.

Annually enable or improve one new science ESTP same
measurement capability.

Program Management

The Earth Science Division within the Science Mission Directorate has oversight responsibility of the
program office.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Instrument Incubator ESTO GSFC, JPL, LaRC, |None.
ARC, GRC

Advanced Info Systems ESTO GSFC, JPL, LaRC, |None.
ARC, GRC

Advanced Tech Initiatives ESTO GSFC, JPL, LaRC, [None.
ARC, GRC

Acquisition Strategy

Tasks are procured primarily through full and open competition, such as the Research Opportunities
in Space and Earth Sciences (ROSES)announcements.
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Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance NAC - 10/2008 Technology in support of Decadal Survey 10/2010
Science missions
Committee
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FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 40.2 47.8 32.2 30.7 315 32.2 33.1
Request

Pathways 40.2 47.8 32.2 30.7 315 32.2 33.1
FY 2009 President's Budget 454 33.8 33.8 31.3 32.1 32.8
Request

Pathways 454 33.8 33.8 31.3 32.1 32.8
Changes from FY 2009 Request -5.2 14.0 -1.6 -0.6 -0.6 -0.6

Note: Includes $4M of Recovery Act funding in FY09

Program Overview

The Applied Sciences Program (http://nasascience.nasa.gov/earth-science/applied-sciences)
leverages NASA Earth Science research and observations for practical use, such as resource
management and planning, decision-making, and improved predictions and policies. NASA Applied
Sciences projects are designed to provide tools for improved decision making, through which the
nation can better manage its resources, improve life quality, and strengthen the economy. NASA
develops Earth Science applications in collaboration with end-users in public, private, and academic
organizations. Examples include improved public health tracking systems for deadly diseases with the
Center for Disease Control; advances in prediction of weather conditions for airplane pilots through
the National Weather Service and the Federal Aviation Administration; improved tracking of air
pollutants with the Environmental Protection Agency for decision-making on biomass burning and
industrial practices; improving the Department of Agriculture's Global Economic Forecasting; and
providing tools for better disaster management by state and local first responders..

Plans For FY 2010

In FY10, the Applied Sciences Program will continue or initiate projects across a range of application
areas, including climate, public health, ecosystems forecasting, air quality, weather, water resources,
natural disasters, and agriculture. These projects have been competively selected through NASA's
Research Opportunities in Space and Earth Science (ROSES) 2005, 2007, and 2008 research
announcements.
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Project Descriptions and Explanation of Changes

Applied Sciences
In 2010, the Applied Sciences Program will sponsor two types of competitively selected projects
across the range of applications described above:

1. "Decision Support through Earth Science Research Results. " These are 3-4 year projects that
are carried out collaboratively with end users; the outcome of Decisions projects is to demonstrate
and substantiate improvements to the end-users decision making activities.

2. "Earth Science Applications Feasibility Studies." These are short term projects to test the technical
or the organizational feasibility of a new application.

The project also includes a small number of activities that crosscut and support the tasks, including
cross-cutting projects,workforce development, and outreach.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Issue competed peer reviewed research awards. | Applied Sciences None
Maximize resource utilization through Applied Sciences None
restructuring and streamlining processes and
operations across the program.

Program Management

Applied Sciences Program responsibility resides within the Earth Science Division of the Science
Mission Directorate.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Earth Science Applications NASA HQ GSFC, LaRC, SSC, |EPA, NOAA, USDA, FAA, DOE, DO,
JPL, MSFC, and CDC, USAID ; state agencies, and
ARC regional organizations

such as the Southern Governor's
Growth Policy

Board, American Water Resources
Association, Gulf of Mexcio Alliance.
Private sector and universities.

Acquisition Strategy

The Earth Science Applications Program is based on full and open competition. Grants are peer
reviewed and selected based on NASA Research Announcements and other related
announcements.
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Science

Earth Science
Applied Sciences

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance National 10/2007 The Applied Sciences Program strategy and N/A
Research implementation.
Council
Relevance Applied N/A Applied Sciences program strategy and 12/2009
Science implementation.
Analysis
Group

Program Risk Management

Title

Risk Statement

Risk Management Approach and Plan

None at this time.

N/A
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Theme Overview

Planetary Science is a grand human enterprise that seeks to discover the nature and origin of the
celestial bodies among which we live, and to explore whether life exists beyond Earth. The scientific
imperative for Planetary Science, the quest to understand our origins, is universal. How did we get
here? Are we alone? What does the future hold? These overarching questions lead to more focused,
fundamental science questions about our solar system: How did the Sun's family of planets and minor
bodies originate? How did the solar system evolve to its current diverse state? What are the
characteristics of the solar system that led to the origin of life? How did life begin and evolve on Earth
and has it evolved elsewhere in the solar system? What are the hazards and resources in the solar
system environment that will affect the extension of human presence into space?

To achieve progress in addressing these six fundamental science questions, NASA relies on a
balanced program. There are seven programs within the Planetary Science Theme: Research, Lunar
Quest, Discovery, New Frontiers, Mars Exploration, the Outer Planets, and the Technology Programs.
Research supports two operating missions with international partners (Rosetta and Hayabusa), as
well as Research and Analysis, Sample and Data Curation, data dissemination and analysis. The
Lunar Quest Program consists of small robotic spacecraft missions, Missions of Opportunity, the
Lunar Science Institute, and Research & Data Analysis. Discovery has two operating spacecraft
(MESSENGER and Dawn), one radar instrument operating on an ESA Mars Express mission
(ASPERA-3), one mission in its development phase (GRAIL), and four Missions of Opportunities (M3,
EPOCH, DIXI, NExT). New Frontiers has one operating spacecraft (New Horizons) and one mission
(Juno) currently in its development phase. The Mars Exploration Program has two spacecraft
(Odyssey and MRO) and two rovers (Spirit and Opportunity) in operation, one instrument operating on
an ESA mission (Mars Express), one mission in development (MSL), one mission in formulation
(MAVEN), and project activities for technology, next decade mission design/development, and
research. The Outer Planets Program includes research, one operating mission (Cassini) and an
Outer Planets Flagship mission under study. Technology Program includes in-space propulsion
systems, advanced power generation, and the advanced multi-mission support.

SCI-85



Mission Directorate:

Theme:

FY 2010 Budget Request

Science

Planetary Science

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 13126 13256 1.346.2| 15006 15777 16000  1,633.2
Planetary Science Research 183.1 162.1 161.7 193.5 240.2 232.6 254.2
Lunar Quest Program 41.3 105.0 103.6 142.6 138.6 145.5 118.7
Discovery 136.4 247.0 213.2 234.6 256.8 256.5 264.3
New Frontiers 115.1 263.9 264.1 239.9 294.2 239.8 249.6
Mars Exploration 709.3 381.6 416.1 494.5 405.5 514.3 536.7
Outer Planets 62.2 101.1 98.6 97.1 140.3 117.7 118.5
Technology 65.2 64.9 89.0 98.4 102.1 93.5 914
FY 2009 President's Budget Request 12475 1.334.2| 1.4101| 15375 15700 16087 =
Planetary Science Research 242.1 270.8 315.8 355.6 373.2 382.6 --
Discovery 153.0 247.0 258.3 256.0 326.1 140.5 --
New Frontiers 132.2 263.9 250.3 232.3 227.7 236.9 -
Mars Exploration 563.5 386.5 299.6 344.5 341.1 413.8 --
Outer Planets 81.9 101.1 216.7 279.4 230.6 362.0 --
Technology 84.8 64.9 69.3 69.6 71.3 73.0 --
Total Change from FY 2009 Request 65.2 -8.6 -63.8 -36.8 7.7 -8.7 --

Note: The human space flight review being undertaken during the summer of 2009 may result in changes to the International Lunar
Network and robotic lunar exploration program. NASA will notify Congress if there are any changes to the request. Starting in FY
2010, the NEOO project is budgeted in the Planetary theme.
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Plans for FY 2010

Planetary Science Research

Two new changes are included in the Planetary Science Research Program FY 2010 budget; Lunar Science
transferred to the Lunar Quest Program (LQP), and the Near Earth Objects Observations (NEOO) project
transferred from Earth Science to Planetary Science. The Research and Analysis program will continue to
release research announcements and make selections. The Planetary Data System will continue to archive
and release planetary science data to the science community in a timely manner for further scientific analysis.
The Astromaterial Curation project will continue its efforts on curation and distribution of solar system samples
(Astromaterials) returned by NASA planetary missions such as Stardust and Genesis. The Rosetta project will
continue to support fly-by of Asteroid Lutetia (November 2010), and Hayabusa (MUSES-C) will continue to
provide navigation, Deep Space Network tracking and science analysis support to JAXA to support an Earth
Return in 2010. NEOO will continue to detect impact hazards to the Earth.

Lunar Quest Program

The Lunar Quest Program (LQP), previously the Lunar Science Project, is now moved to its own stand-alone
budget and program line. Project elements under LQP includes the Lunar Atmosphere and Dust Environment
Explorer (LADEE) and the International Lunar Network (ILN) missions, and the Lunar Science Research.
LADEE will complete its preliminary design review in 2009 and will enter Implementation Phase (KDP-C) in
FY 2010. The ILN mission will complete Phase A (KDP-A) by the end of FY 2010. Research Announcement
for Lunar Research & Analysis will be released annually, followed by selections and awards. The human
space flight review being undertaken during the summer of 2009 may result in changes to the International
Lunar Network and robotic lunar exploration program. NASA will notify Congress if there are any changes to
the request.

Discovery

Having completed its third fly-by of Mercury, MESSENGER will prepare for Mercury orbit insertion (currently
planned for March 2011) while it continues its operations and return of valuable data from the three flybys.
The Dawn spacecraft will be cruising from a Mars gravity assist in February 2009 in preparation for its Vesta
encounter in 2011. ASPERA-3 will complete collection of data on its extended mission of Mars Express. The
M3 instrument will continue to collect its science measurements in 2010 and perform data analysis. The
EPOXI mission will be approaching its target, comet Hartley 2, in November 2010. GRAIL will complete its
Critical Design Review in first quarter FY 2010 and begin Assembly, Test, and Launch Operations (ATLO) by
the end of 2010. With the release of the Announcement of Opportunity (AO) for the next Discovery mission in
late CY 2009, concept study selection will be made in 2010.

New Frontiers

Juno will deliver instruments and hardware in preparation for ATLO in FY 2010. The New Horizons mission
will continue on its course toward Pluto and its moons, with periodic spacecraft and instrument checkouts as it
cruises. Following the Announcement of Opportunity (AO) release in 2009, the New Frontiers 3 concept
studies will be selected in FY 2010.

Mars Exploration

The Mars Science Laboratory (MSL) launch date has moved from 2009 to 2011. During FY 2010 MSL will
complete remaining hardware and software development, and will start to conduct the Rover System
Environmental Test Program. In September 2008, NASA selected the Mars Atmosphere and Volatile
EvolutioN (MAVEN) spacecraft as the next Mars Scout mission. By the end of FY 2010 MAVEN will
successfully complete the Preliminary Design Review (PDR). ExoMars will have an extended Phase B in FY
2010. Odyssey will be in a new orbit with an expected improved sensitivity to detect minerals on the surface.
The Mars Reconnaissance Orbiter (MRO) and (if technically possible) both Spirit and Opportunity rovers
(MER) will continue to operate and perform data analysis throughout FY 2010. Concept studies with ESA for
partnership missions in 2016/2018 will continue.
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Plans for FY 2010

Outer Planets

In February 2009 NASA down-selected the Outer Planets Flagship (OPF) from three science targets to focus
on the Europa Jupiter System. In addition to further definition study and technology development efforts for
the Europa Jupiter System Mission (EJSM) throughout FY 2010, NASA will also continue to negotiate the
details of a potential partnership with the European Space Agency (ESA) and other international partners.
NASA Cassini will continue its historic operations and data analysis.

Technology

While there are no major changes to the Technology Program, some funds were added to the program to
allow for a completion of the NASA's Evolutionary Xenon Thruster (NEXT) electric propulsion life validation
and to start the build for the Advanced Stirling Radioisotope Generator (ARSG) proto-flight unit that would
support a flight in the 2013-2014 timeframe. The Technology Program FY 2010 budget will also provide for
the Advanced Multi-Mission Operation System (AMMOS) effort in its continuation in the development of multi-
mission software tools for spacecraft navigation and mission planning.
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Relevance

Relevance to national priorities, relevant fields, and customer needs:

The Planetary Science Program is guided by U.S. National Space Policy and follows NASA's tradition
of establishing its priorities through consultation with world-class experts. Planetary Science relies on
two advisory bodies for scientific assessments and decadal surveys: the NASA Advisory Council and
the National Research Council's (NRC) Space Studies Board. The NRC's decadal surveys help
NASA prioritize missions and scientific objectives.

Planetary Science seeks to achieve both near and long-term science goals by studying solar system
objects and phenomena in situ. Planets and satellites of the solar system and the ancient icy bodies
far from the Sun are "Rosetta stones" that can tell unique stories about the evolution of the solar
system. As researchers learn more about the origins of living organisms on Earth and about the solar
system's planets and moons, they may learn that life has arisen in places beyond Earth.

Robotic explorers gather data to help scientists understand how the planets formed, what triggered
different evolutionary paths among planets, 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 alien worlds, and unveil the processes that lead to conditions necessary for
life.

Robotic exploration will generate knowledge about our solar system needed to identify the most
promising human exploration missions. This knowledge will also help enable safe human space
exploration in the forbidding environments they will encounter.

Relevance to the NASA Mission and Strategic Goals:

Planetary Science supports NASA's achievement of Strategic Plan Sub-goal 3C: Advance scientific
knowledge of the origin and history of the solar system, the potential for life elsewhere, and the
hazards and resources present as humans explore space.

This effort is comprised of four Outcomes:

3C.1: Progress in learning how the Sun's family of planets and minor bodies originated and evolved.
3C.2: Progress in understanding the processes that determine the history and future of habitability in
the solar system, including the origin and evolution of Earth's biosphere and the character and extent
of prebiotic chemistry on Mars and other worlds.

3C.3: Progress in identifying and investigating past or present habitable environments on Mars and
other worlds, and determining if there is or ever has been life elsewhere in the solar system.

3C.4: Progress in exploring the space environment to discover potential hazards to humans and to
search for resources that would enable human presence.

See FY 2010 Performance Plan, under Management and Performance, for specific annual goals for
this Theme.

Relevance to education and public benefits:
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The Planetary Science Theme uses its missions, research programs, and the human resources of the
space science community to enhance the quality of American science, mathematics, and technology
education, particularly at the pre-college level. The innovative nature of planetary science projects
creates an impetus for new techniques and technologies that later benefit the public. The FIRST
Robotics project is a concrete example of the Planetary Science Theme's contribution to education.
The Planetary Theme is dedicated to sharing the excitement of discoveries and knowledge generated
by space science missions and research, with the public, and thus contributing to educating and
inspiring the next generation of scientists and technical workers needed for the 21st century.

Public benefits from Planetary Science include a growing understanding of the solar system and
Earth's significance within it. NASA's robotic science missions are paving the way for understanding
the origin and evolution of the solar system and working to identify past and present habitable
locations. The Theme also enables human space exploration by studying and characterizing alien
environments and identifies possible resources that will enable safe and effective human missions to
the Moon and beyond.

SCI-90



Mission Directorate: Science

Theme: Planetary Science

Performance Achievement Highlights:

After landing on May 25, 2008, Phoenix studied soil with a chemistry laboratory, a microscope, a
conductivity probe and cameras. Laboratory tests performed by NASA's Phoenix Mars Lander
identified water in a Martian soil sample. The lander's robotic arm delivered the soil sample to an
instrument that heats the sample and then identifies the resulting vapors. Besides confirming the 2002
Mars Odyssey finding of water ice near the surface, the science team has tried to determine whether
the water ice ever thaws enough to allow biological process and if carbon-containing chemicals and
other raw materials necessary for life are present.

Phoenix confirmed that a significant amount of water exists on the surface of arctic Mars, a potential
resource for future human exploration. Phoenix also discovered a class of compounds called
perchlorates in the soil. Although a few biological forms on Earth use perchlorates as an energy
source, they are generally toxic to most life forms if consumed. However, perchlorates are routinely
used as the oxidizer in rocket fuel, also a potential resource. The lander's meteorological station
documented a temperature range in the Martian polar north of approximately -20 to -115 degrees
Fahrenheit during the summer, after which temperatures fell sharply. These conditions pose
challenges to human exploration of the Martian polar regions.

The Cassini spacecraft performed a flyby of Saturn's moon Enceladus, coming within 50 kilometers of
the moon's surface. During the flyby, the spacecraft collected samples that may provide evidence of a
water ocean and organics. The flyby also provided images of the surface that are providing data on
the difference between the north and south poles, which is critical to understanding the moon's
geological evolution. Furthermore, there is evidence of some complex organic chemicals and several
other conditions that scientists believe to be the pre-conditions for life. Future flybys and possibly
future missions will provide more pieces in this intriguing puzzle.

On the first of its passes by Mercury, the MESSENGER spacecraft provided new insights into the
origin and evolution of the solar system's smallest planet. MESSENGER confirmed that Mercury has a
dipolar internal magnetic field, created an inventory of the heavy ions in the planet's magnetosphere,
and detected two current sheet boundaries that may indicate a planetary ion boundary layer.

In 2008, NASA Selected GRAIL, a lunar gravity mapping mission, as the Discovery 11 mission and
MAVEN, a Mars aeronomy mission, as the Mars Scout 2nd mission. The Juno mission, which will
conduct an in-depth study of Jupiter, completed its Preliminary Design Review and moved into
implementation to support an August 2011 launch.

The Lunar Science Program's LADEE lunar dust mission completed studies and moved into
formulation phase. The Program also established the NASA Lunar Science Institute.
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Mission Directorate:

Science

Theme:

Independent Reviews:

Planetary Science

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance NASA 02/2007 Reviews science and program implementation |12/2010
Advisory strategies and relevancies to the NASA
Council strategies and goals. Findings from the 2007
review included, NASA has made significant
progress toward implementing the
recommendations of the NRC's decadal survey
and Mars Architecture report. NASA's current
planetary exploration program is highly
productive, carrying out exciting missions and
making fundamental discoveries.
Relevance National 12/2003 Decadal Survey of Planetary Science 09/2013
Research priorities/Published Decadal Report entitled
Council "New Frontiers and the Solar System: An

Integrated Exploration Strategy”. Work on the
next Decadal Survey began in 2008.
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Program: Planetary Science Research

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 183.1 162.1 161.7 193.5 240.2 232.6 254.2
Request
Planetary Science Research 133.6 135.0 135.1 144.4 153.2 156.9 160.7
and Analysis
Other Missions and Data 18.6 19.5 214 22.2 22.3 22.7 29.3
Analysis
Education and Directorate 27.7 3.9 14 231 60.7 49.0 60.1
Management
Near Earth Object 3.3 3.7 3.8 3.8 3.9 4.0 4.1
Observations
FY 2009 President's Budget 245.4 2745 319.6 359.5 377.1 386.6 -
Request
Planetary Science Research 127.8 142.4 145.1 150.4 155.2 159.0 -
and Analysis
Other Missions and Analysis 41.8 1245 143.4 162.2 172.3 174.6 -
Education and Directorate 72.4 3.9 27.4 43.1 45.7 49.0 -
Management
Near Earth Object 34 3.7 3.8 3.8 3.9 4.0 --
Observations
Changes from FY 2009 Request -62.3 -112.4 -157.9 -166.0 -137.0 -154.0 --

Program Overview

The Planetary Science Research Program supports the development of theoretical tools and
laboratory data needed to analyze flight data, makes possible new and better instruments to fly on
future missions, and analyzes the data returned. These capabilities allow Planetary Science to
answer specific questions and develop an increased understanding of the origin and evolution of the
solar system. This program represents an essential complement to flight missions, providing the
scientific research and the theoretical foundation to allow the nation to fully utilize the unique data
sets returned from the missions exploring the solar system. It is also NASA's primary interface with
university faculty and graduate students in this field as well as the research community in general.
The Research Program achieves this goal by supporting research grants which are solicited annually
and subjected to a careful peer review before being awarded.

The changes in the table above do not reflect a reduction, but instead reflect a transfer of Lunar
Science Research (carried within Planetary Science Research in the FY 2009 Request) to the new
Lunar Quest Program in the FY 2010 Request.

For further information see: http://nasascience.nasa.gov/planetary-science
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Plans For FY 2010

Release Research Announcements soliciting Research and Analysis proposals and make selections.

Continue planetary science data archiving and releasing of this data to the science community in a
timely manner for further scientific analysis.

Continue curation and distribution of solar system samples (Astromaterials) returned by NASA
planetary missions such as Stardust.

Support the Rosetta fly-by of Asteroid Lutetia (November 2010).

Continue to provide for Hayabusa (MUSES-C) navigation and Deep Space Network Tracking and
coordinating Science Analysis to support an Earth Return in 2010.

Continue to support Near Earth Objects Observations (NEOO) to detect impact hazards to the Earth.
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Theme: Planetary Science
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Project Descriptions and Explanation of Changes

Planetary Science Research and Analysis

The scope of Research and Analysis (R&A) is wide because the effort must provide new theories
and instrumentation that enable the next generation of flight missions. R&A also provides the
foundation for the formulation of new scientific questions and strategies. Discoveries and concepts
developed in the R&A Project are the genesis of scientific priorities, missions, instrumentation, and
investigations. R&A supports research tasks in areas such as: astrobiology and cosmochemistry; the
origins and evolution of planetary systems; and the atmospheres, geology, and chemistry of the solar
system's planets (other than Earth). R&A provides for instrument and measurement concepts, and
supports the initial definition and development of instruments for future Discovery, New Frontiers, or
Mars missions. A new and fully competed call for missions' studies will identify a range of outer
planets science targets and mission options that could be achieved at various budget levels, creating
a "menu" of mission options that NASA could pursue in the future. Lunar science research has been
moved to the Lunar Quest Program.

Other Missions and Data Analysis

Rosetta, a European Space Agency/NASA comet rendezvous mission in operations phase, launched
in March 2004 and will arrive at comet Churyumov-Gerasimenko in 2014. The prime scientific
objective of the Rosetta mission is to study the origin of comets, the relationship between cometary
and interstellar material, and the implications of comets with regard to the origin of the solar system.
The Rosetta spacecraft will be the first to undertake the long-term exploration of a comet at close
guarters. It comprises a large orbiter, which is designed to operate for a decade at large distances
from the Sun, and a small lander. Each of these carries a large complement of scientific experiments
designed to complete the most detailed study of a comet ever attempted. Rosetta will allow
scientists to look back 4600 million years to an epoch when no planets existed and only a vast
swarm of asteroids and comets surrounded the Sun.

Hayabusa (MUSES-C), in operations phase, is a joint Japanese/NASA mission to rendezvous with
near-Earth asteroid and return samples. The spacecraft launched in May of 2003 and landed on the
Asteroid Itokawa in September 2005. In April 2007, the spacecraft began its return to Earth bringing
with it an asteroid sample. Hayabusa will arrive at Earth in 2010. Hayabusa observed Itokawa's
shape, geographical features, reflectance, mineral composite, and gravity from an altitude of 3 to 20
km, and clarified the Itokawa's structure as a "pile of rubble." Science published seven Hayabusa-
related essays, the first time for the magazine to feature a Japanese asteroid probe project. The
Hayabusa project also received a "Space Pioneer Award" from the National Space Society of the
United States at the International Space Development conference held in Los Angeles in May.

The Planetary Data Systems (PDS) and Astromaterials Curation Projects provide funds for data
archives, sample-holding facilities, and analysis tools needed to perform research. PDS is the active
data archive for NASA's Planetary Science Theme. The Astromaterials Curation Facility, at Johnson
Space Center, provides services for all returned planetary materials that do not require planetary
protection laboratories.
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Theme: Planetary Science
Program: Planetary Science Research

Education and Directorate Management

The Education and Directorate Management projects include Science Mission Directorate-wide
management reserve. It is used to support unforeseen administrative and programmatic
requirements that cannot and/or should not be funded by other programs and projects.

For Inspiration and Recognition of Science and Technology (FIRST) is a non-profit organization
dedicated to increasing interest in science, technology, engineering and mathematics among youth
in the United States. There are annual activities and events to expose students to challenging
applications of engineering and science. The FIRST Robotics competition consists of national
contests in which high school students team with engineers from government, industry, and
universities to get hands-on experience and mentoring from engineering and technical professionals.

Near Earth Object Observations

The Near Earth Object Observations (NEOO) was transfered from the Earth Science Division
beginning in FY 2010. Its objective is to detect and track at least 90 percent of the Near Earth
Objects, asteroids, and comets that come within 1.3 Astronomical Units of the Sun, and to find those
which have any potential to collide with Earth and do significant damage at the surface. A network of
existing ground-based telescopes and modifications to existing space-based sensors, and supporting
data processing and analysis infrastructure, will be funded to achieve this objective.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Release of Research Announcements soliciting |Research & Analysis (R&A) Same
R&A proposals (annual selections)
Meeting commitments to the International Rosetta and Hayabusa Same
Partners as agreed to in the MOU.
Archive and release mission data to the science |Planetary Data System (PDS) Same
community within 6 months of downlink.
Store new samples of Astromaterials and Astromaterials Curations Same
distribute them as requests are approved by
CAPTEM.
Continue search for hazardous NEOs, asteroids, [ NEOO Same

and comets down to 140 meters in size that may
pose an impact threat.
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |
R&A, PDS, Curation Tech

Oct-07 Sep-22

Rosetta
Mar-04
Mar-04 Sep-17
Sep-08 Sep-17
Hayabusa
May-03
May-03 Sep-11
Jun-10 Sep-11
NEOO

Oct-07 Sep-22

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

NASA HQ is responsible for R&A; JPL is responsible for Rosetta and Hayabusa operations and the
NEOO Program Office; GSFC is responsible for PDS project management; and JSC is responsible
for Astromaterials Curation project management Program Office.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Research & Analysis HQ Multiple (NASA None
Centers,
Universities,
industries, etc.)

Rosetta JPL JPL The European Space Agency (ESA)
built the spacecraft, provided the
launch vehicle, and operates the
spacecraft.

Hayabusa (Muses -C) JPL JPL Japan Aerospace Exploration Agency
(JAXA) responsibilities include the
spacecraft, launch vehicle, and

operations.
Planetary Data System (PDS) [GSFC JPL and other None
Discipline Nodes
Astromaterials Curation JSC JSC NSF and Smithsonian Institution for
Antarctic meteorites
NEOO JPL JPL None
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Acquisition Strategy

The R&A FY 2010 budget will fund competitively selected activities from the ROSES-07 (Research
Opportunities in Space and Earth Science) Omnibus NRA. All major acquisitions for Rosetta,
Hayabusa, Planetary Data System (PDS), Astromaterial Curation, and Near Earth Object
Observation are in place. The following institutions operate the PDS nodes: Atmospheres Node
(NMSU); Engineering Node (JPL); Geosciences Node (Wash U St. Louis); HIRISE Data Node (UAZ);
Human Interface Design (ARC); Imaging Node (USGS Flagstaff); Navigation Ancillary Information
Facility (NAIF at JPL); Planetary Plasma Interactions Node (UCLA); Radio Science (SETI); Rings
Node (SETI); Small Bodies Node (U of MD); JPL, and ARC.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Quality Panel of 10/2008 Curation and Analysis Planning Team for 03/2009
scientists Extraterrestrial Materials (CAPTEM) reviews

ongoing curation activities and future plans.
Curation of Genesis, Stardust, and Apollo lunar
samples are on track and meeting distribution
requests. The Curation Project is performing
well overall. They reviewed and approved
numerous samples for distribution to scientists
and reviewed plans for the upgrade of JSC
curation facilities and efforts to work with
Constellation on curation of samples on the
Moon.
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Theme: Planetary Science
Program: Lunar Quest Program

FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 41.3 105.0 103.6 142.6 138.6 145.5 118.7
Request

Lunar Science 36.2 64.8 33.3 52.4 58.5 64.3 39.4

Lunar Atmosphere and Dust 5.1 30.2 66.5 73.9 31.1 0.0 0.0

Environment Explorer

International Lunar Network 0.0 10.0 3.7 16.3 48.9 81.2 79.3
Changes from FY 2009 Request 41.3 105.0 103.6 142.6 138.6 145.5 --

Note: The human space flight review being undertaken during the summer of 2009 may result in changes to the robotic lunar
exploration program. NASA will notify Congress if there are any changes to the request.

Program Overview

The Lunar Quest Program (LQP) goal is to conduct science exploration of the Moon through research
and analysis, and through the development of a series of small-medium satellite and surface
missions. The LQP answers the National Research Council report, "The Scientific Context for
Exploration of the Moon" (SCEM) and fits within NASA's Space Exploration Policy to scientifically
explore our Solar System. The LQP complements other lunar missions sponsored by NASA and
international agencies.

The goal of the LQP is to provide small robotic lunar science investigations and lunar research and
analysis addressing prioritized science objectives. LQP objectives include:

- Re-establish lunar science and a lunar science community;

- Facilitate the application of enhancing or enabling technologies to support flight missions; and

- Enhance science opportunities in the implementation of NASA's lunar exploration goals.

In order to achieve LPQ goals and objectives, the program currently exists as a loosely coupled, multi
-element science program with both flight and research opportunities. The projects will be
independent but will also have interrelated objectives and a common management and funding
structure. The LQP program element includes two classes of flight opportunities for lunar science
investigations: small robotic science spacecraft or landers and a Mission of Opportunity (MoO). The
Lunar Atmosphere and Dust Environment Explorer (LADEE) and the International Lunar Network
(ILN) are two small robotic orbiter and lander missions currently under formulation as part of the LQP.
The LQP also includes a Lunar Science Research and Analysis (R&A) element that will enhance
participation and collaboration within the lunar science community. This science participation will
provide near-term activity stimulating and reinvigorating the broad scientific community enticing
international collaboration for mutual leverage in accomplishing lunar goals and objectives.

In the FY 2009 Request, funding for these efforts was carried under the Planetary Science Research
Program. The human space flight review being undertaken during the summer of 2009 may result in
changes to the robotic lunar exploration program. NASA will notify Congress if there are any changes
to the request.
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Plans For FY 2010
Confirm LADEE for Implementation Phase (KDP-C).

Complete ILN Phase A (KDP-A) by the end of CY 2010.

Release Research Announcement soliciting Research & Analysis proposals and make selections.
The human space flight review being undertaken during the summer of 2009 may result in changes to
the robotic lunar exploration program. NASA will notify Congress if there are any changes to the
request.
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Project Descriptions and Explanation of Changes

Lunar Science

Lunar Research & Analysis (R&A) will enhance participation and collaboration within the lunar
science community. It is composed of competed research and analysis opportunities such as:
National Lunar Science Institute (NLSI) - a virtual institute of geographically dispersed researchers
and institutions, directed by the Ames Research Center for management and implementation; Lunar
Advanced Science and Exploration Research (LASER) - a lunar-only element in the Research
Opportunities in Space and Earth Science (ROSES) NASA Research Announcement (NRA); Lunar
Data Competed Studies - research and analysis of existing and new lunar science data procured
under other ROSES elements.

After one year of operation to accomplish Exploration objectives, Lunar Reconnaissance Orbiter
(LRO) will be transitioned to SMD/Planetary Science in August 2010 to start a two-year lunar science
mission as identified by the NRC (Decadal Survey and Scientific Context for Exploration of the Moon
[SCEM] report). The LRO Science Mission will give the scientific community a unique opportunity to
concentrate the capabilities of the 7 LRO instruments on focused lunar science investigations
identified from the data obtained in the "mapping" mission. The focused investigations will allow us
to quantify our understanding of the origin and evolution of the Moon.

Lunar Program Management provides management and oversight of the Lunar Quest selected flight
missions. This line also provides for independent panel reviews and selections process efforts.

Lunar Atmosphere and Dust Environment Explorer (LADEE)

Currently in Phase A, LADEE, the first LQP mission, is a cooperative effort between Ames Research
Center (ARC) and Goddard Space Flight Center (GSFC). The LADEE mission objective is to
address high priority science goals as identified by the NRC report, to determine the global density,
composition, and time variability of the fragile lunar atmosphere before it is further perturbed by
future human activity. LADEE's measurements will also determine the size, charge, and spatial
distribution of electrostatically transported dust grains and assess their likely effects on lunar
exploration and lunar-based astronomy. Additionally, LADEE will carry the optical laser
communications package to be provided by the Space Operations Mission Directorate (SOMD). The
optical laser will technically demonstrate high bandwidth communication from the Moon. The orbiter
is currently planned for a launch in May 2012. The nominal science mission is 100 days in length,
with an option for an additional year of laser communications demonstrations.

International Lunar Network (ILN)

Currently in Pre-Phase A, the ILN Anchor Nodes will be the backbone of a lunar geophysical
network, providing global coverage by involving US and international landed missions as individual
stations working together - the first US robotic lunar landers since 1968! The ILN Anchor Nodes
project is a cooperative effort between Marshall Space Flight Center (MSFC) and the Johns Hopkins
University Applied Physics Laboratory (APL). The ILN mission will deliver and will operate
geophysical instrument packages at different places on the lunar surface. The hominal mission
length is for six years concurrent of surface operations, including operating the instruments through
lunar night. The human space flight review being undertaken during the summer of 2009 may result
in changes to the International Lunar Network and the robotic lunar exploration program. NASA will
notify Congress if there are any changes to the request.
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Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Conduct scientific investigations to achieve SMD |Lunar Quest Program New Program

lunar science goals and objectives in the
"Scientific Context for Exploration of the
Moon" (SCEM, 2007).

Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior |08 |09 |10 11121314 15|16 1718 |19 [20]21] 22 | Beg | End |

Lunar Atmosphere and Tech
Mar-08 Jun-10

Dust Environment
Explorer (LADEE) |

™
International Lunar | | | | |
Network (ILN) 1 & 2
| ‘ ‘ L || ‘ ‘

Research |

Jun-10 May-12
Jun-12 Sep-13

Mar-08 Sep-12
Oct-12 Dec-16
Jan-17 Jan-23

Oct-08 Sep-22

Lunar Reconnaissance | | |
Orbiter (LRO) Science
Mission | | |

Aug-10 Sep-13

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

Scientific mission priorities and assignment responsibilities reside with SMD. MSFC has Lunar Quest
program management responsibility.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
LADEE MSFC ARC, GSFC, KSC N/A
International Lunar Network MSFC MSFC, APL, KSC, TBD
(ILN) GRC, DOE
Research & Analysis HQ ARC, GSFC, MSFC, |N/A
JPL, JSC
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Acquisition Strategy

The LQP acquisition strategy is to direct development of flight projects including the spacecraft bus
to NASA centers, competitively select instruments and science team participation through the
Research Opportunities in Space and Earth Science (ROSES) NASA Research Announcement
(NRA) and the Stand Alone Missions of Opportunity (SALMON) AO processes.

Major acquisitions for the LADEE (ARC and GSFC) and ILN (MSFC) projects are in place. NASA
has selected ARC and GSFC to provide the spacecraft for LADEE, and MSFC to provide the
spacecraft for ILN. Three science instruments have been selected for LADEE (Neutral Mass
Spectrometer [NMS], UV Spectrometer [UVS], and Lunar Dust EXperiment [LDEX], and an optical
communication package. The NMS instrument will be provided by GSFC, ARC will provide UVS,
University of Colorado/LASP will provide LDEX, and SOMD selected MIT/LL and GSFC to provide its
LLCD contribution.

Science instruments and research and analysis of existing and new lunar science data are to be
procured under the Research Opportunities in Space and Earth Science (ROSES) NASA Research
Announcement (NRA). Mission of opportunity (MO) are to be selected via the Stand Alone Missions
of Opportunity (SALMON) AO.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review

Performance IPAO NA Standing Review Board (SRB) will be assigned |04/2009
to first perform a Program Acceptance Review
(PAR) assessing the Program's readiness to
enter implementation. Following approval to
enter implementation, the SRB will thereafter
conduct biannual Program Implementation
Reviews (PIRs) throughout implementation to
assure the program is operating according to the
program plan and that it is successfully meeting
program objectives.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 136.4 247.0 213.2 234.6 256.8 256.5 264.3
Request
Gravity Recovery and Interior 67.0 122.4 124.1 104.8 41.4 4.7 0.0
Laboratory (GRAIL)
Other Missions and Data 69.3 124.6 89.1 129.9 215.4 251.8 264.3
Analysis
FY 2009 President's Budget 153.0 247.0 258.3 256.0 326.1 140.5 -
Request
Gravity Recovery and Interior 0.0 122.4 122.8 113.1 24.9 5.7 --
Laboratory (GRAIL)
Other Missions and Data 153.0 124.6 135.5 143.0 301.3 134.8 -
Analysis
Changes from FY 2009 Request -16.6 0.0 -45.1 -21.4 -69.3 116.0 -

Program Overview

Robotic space exploration holds tremendous opportunity for exploration and discovery. Even with the
vast amount of knowledge gained since exploration of the solar system began, there are many
unanswered questions about the origin and evolution of our own solar system. NASA's Discovery
Program provides the opportunity to utilize innovative missions to uncover the mysteries of the solar
system. It provides highly-focused planetary science investigations designed to increase our
understanding of the solar system and its evolution. The Discovery Program offers the scientific
community the opportunity to assemble and lead cross-functional teams to design and implement
exciting science investigations that complement NASA's larger planetary science missions.

All completed Discovery missions (NEAR, Mars Pathfinder, Lunar Prospector, Deep Impact, Stardust,
and Genesis) have achieved groundbreaking science, with each taking a unique approach to space
exploration. Current Discovery missions include: ASPERA-3, MESSENGER, Dawn, Moon Mineralogy
Mapper (M3), EPOXI, StardustNEXT, and the Gravity Recovery and Interior Laboratory (GRAIL).
Additional details on the GRAIL mission are contained in the GRAIL "Project in Development" pages.

For more information regarding the Discovery Program, see http:/discovery.nasa.gov.
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Plans For FY 2010

The MESSENGER spacecraft will have completed its third fly-by of Mercury in late FY 2009 (9/2009)
and will begin preparations for its Mercury orbit insertion in 2011. The Dawn spacecraft will be
cruising from a Mars gravity assist in February 2009 in preparation for its Vesta encounter in 2011.
ASPERA-3 will complete collection of data on its extended mission of Mars Express. The Moon
Mineralology Mapper (M3) instrument, as a part of the ISRO's Chandrayaan-1 payload, will continue
to collect its science measurements and perform data analysis. The EPOXI mission will be
approaching and will begin preparation for the encounter of its target, comet Hartley 2, in November
2010. GRAIL will complete its Critical Design Review in the first quarter of FY 2010 and plans to
begin Assembly, Test, and Launch Operations (ATLO) by the end of 2010. The next Announcement
of Opportunity (AO) for a new Discovery mission will be released in CY 2009 followed by a concept
study and selection in 2010.

SCI-106



Mission Directorate: Science

Theme: Planetary Science
Program: Discovery

Project Descriptions and Explanation of Changes

GRAIL

GRAIL is in its development phase. GRAIL will perform high-quality gravity field mapping of the
Moon to determine its interior structure. GRAIL will provide the most accurate global gravity field to
date for any planet, including Earth. GRAIL will enable the public to directly interact with
observations through cameras on each satellite dedicated to public outreach and education. GRAIL
was selected in December 2007 and given approval to proceed into its Development Phase (Phase
C) in January 28, 2009. GRAIL is currently scheduled to launch in September 2011. Additional detail
can be found in the GRAIL section of this document.

SCI-107



Mission Directorate: Science

Theme: Planetary Science
Program: Discovery

Other Missions and Data Analysis

The Dawn mission while in its operations phase, has begun a journey to the two largest and most
massive asteroids in our solar system, Vesta and Ceres. Vesta's physical characteristics reflect
those of the inner planets, whereas Ceres' are more like the icy moons of the outer planets. By
studying these contrasts and comparing these two minor planets, scientists will develop an
understanding of the transition from the rocky inner regions to the icy outer regions of the Solar
System. The Dawn mission marks the first time a spacecraft will orbit a body in the main asteroid belt
and the first time a spacecraft will orbit two targets, enabling a detailed and intensive study of both.
Dawn launched in September 2007. After a Mars gravity assist in February 2009, the Dawn
spacecraft will encounter and orbit Vesta in 2011, then travel an additional three years to reach and
orbit Ceres.

MESSENGER, a mission to Mercury, is in its operations phase and launched on August 3, 2004. It
has collected the first images toward providing coverage of the entire planet and collected detailed
information on the composition and structure of Mercury's crust, its geologic history, the nature of its
thin atmosphere and active magnetosphere, and the makeup of its core and polar materials.
MESSENGER is the first deep-space mission to use a circularly polarized phased-array antenna -
the antenna "points" electronically, which allows MESSENGER to return a large amount of data
without using a deployable, gimbaled antenna (such as the one that failed to deploy on the Galileo
mission). MESSENGER carries seven scientific instruments and a radio science experiment to
accomplish an ambitious objective: return the first data from Mercury orbit. The miniaturized payload '
designed to work in the extreme environment near the Sun ' will image all of Mercury for the first
time, as well as gather data on the composition and structure of Mercury's crust, its geologic history,
the nature of its active agnetosphere and thin atmosphere, and the makeup of its core and the
materials near its poles.

As a result of three 2006 Discovery missions of opportunity being selected on June 19, 2007, Deep
Impact and Stardust are both in extended operations phase. The EPOCh mission will use the high-
resolution camera on the Deep Impact spacecraft to search for Earth-sized planets around other
stars. The DIXI mission will investigate comets using the existing Deep Impact spacecraft for an
extended flyby mission to a second comet to take pictures of its nucleus and increase our
understanding of the diversity of comets. These two missions were combined into the joint mission
EPOXI. The Stardust NEXT will use the existing Stardust spacecraft for a flyby of comet Tempel 1.
Since the Deep Impact mission visited Tempel 1 in 2005, the comet has made another close
approach to the sun, possibly eroding its surface. This flyby is to look for surface changes to Tempel
1 since 2005.

ASPERA-3, a Mission of Opportunity, is in its operational phase. It is one of seven instruments
aboard the European Space Agency's Mars Express spacecraft in orbit around Mars, with a goal to
study the interaction of the solar wind and Martian atmosphere. The measurements taken by this
instrument will help answer the question of how strongly the interplanetary plasma and
electromagnetic fields affect the Martian atmosphere.

The M3 instrument, in its operation phase, is part of the scientific payload for ISRO's Chandrayaan-1
mission which launched October 2008 from India. Primary objectives of M3 are to assess the mineral
resources of the Moon, and characterize and map the composition of the surface at high spatial
resolution. The M3 payload has reached its final polar orbit of the Moon and will operate during the
next two years with active data collection concentrated into four 2-month periods. While Global
mapping has top priority, additional targeted mapping will occur at M3's highest resolution.
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Other Missions & Data Analysis (Continued)

The Discovery Research line provides funding for: Discovery Data Analysis; Sample Return
Laboratory Instruments (SRLI) which supports development of new instruments for use in terrestrial
laboratories to analyze samples returned from NASA Planetary Science missions; Data Analysis
Program (DAP); and participating scientists for the MESSENGER mission. As stated in the ROSES
NRA, the DAP is "...to enhance the scientific return of the completed Discovery missions by
broadening the science participation in the analysis of data collected and samples returned ...."
Specifically, the DAP allows scientists not previously associated with Discovery missions an
opportunity to perform data analysis of the data archived in the Planetary Data System or samples
(such as those from Stardust) stored at the JSC curation facility, which is also funded by this project.
Data access through the Discovery Research project allows a much broader, and perhaps more
objective analysis of the data and samples, and also allows research to continue for many years after
the mission has been completed. Areas for additional data analyses are proposed by scientists
throughout the US planetary community and are competitively selected with major input from science
community peer review.

The Discovery Future line provides funds for future Discovery flight missions to be selected via a
competitive Announcement of Opportunity (AO) process. Discovery Program Management provides
for the management of the Discovery selected flight missions. This line also provides for the
development of Announcements of Opportunity (AOs), and supports independent panel reviews and
selections process.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Launch an average of one mission per 24 Discovery Program Same
months .
Complete current prime and funded extended Dawn, MESSENGER, ASPERA-3, Same
operating missions. EPOXI and StardustNEXT
Complete design and begin spacecraft GRAIL Same
development and assembly
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |

MESSENGER
Jul-99 Jun-01

Jun-01 Aug-04
Aug-04 Mar-13

ASPERA-3

Dawn ‘ ‘ ‘ ‘

Moon Mineralogy
Mapper (M3)

-

Sep-00 Jun-03
Jun-03 May-11

Dec-01
Feb-04 Sep-07
Sep-07 Nov-15

Mar-05 Feb-06
Mar-06 Mar-08
Mar-08 Jun-12

Jun-07 Oct-11

Stardust NExT

GRAIL |+| |
L1 ] |

Discovery Management

Jun-07 Feb-11

Oct-07 Mar-09
Mar-09 Sep-11
Oct-11 Jul-12

Oct-99 Sep-22

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project
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Discovery

MSFC is responsible for Discovery program management. Scientific mission priorities and
assignment of responsibilities reside with the Science Mission Directorate.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

MESSENGER MSFC GSFC, JPL None

ASPERA-3 MSFC Sweden; European Space Agency
(ESA).

Dawn MSFC JPL German Aerospace Center (DLR); Los
Alamos National Labs (LANL); Italian
Space Agency; and Max-Planck.

M3 MSFC JPL ISRO spacecraft provider. USGS.

EPOXI MSFC JPL Max-Planck-Institute in Garsching,
Germany

Stardust-NEXT (Stardust-New | MSFC JPL None

Exploration of Tempel)

GRAIL MSFC GSFC, JPL, KSC None
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Acquisition Strategy

With the exception of future NASA Announcements of Opportunity, all major acquisitions are in
place.

Southwest Research Institute employs the Principal Investigator and Lead Scientist for ASPERA-3.

The University of California at Los Angeles sponsors the Principal Investigator and Lead Scientist for
the Dawn mission.

Brown University sponsors the Principal Investigator and Lead Scientist for M3. SAIC, University of
Hawaii, and University of Tennessee are also participants.

The Department of Terrestrial Magnetism at the Carnegie Institution of Washington employs the
Principal Investigator and Lead Scientist for MESSENGER.

The University of Maryland employs the Principal Investigator for the EPOXI Mission of Opportunity,
the combined EPOCh and DIXI missions.

Cornell University employs the Principal Investigator for the Stardust New Exploration of Tempel 1
(NEXT) Mission of Opportunity.

The Massachusetts Institute of Technology (MIT) employs the Principal Investigator and leads the
GRAIL mission.

The Discovery Program solicits proposals for full planetary missions and missions of opportunity. The
proposals are put together by teams led by a Pl which may include firms, small businesses,
government and universities. The initial phase of each competitive selection is a concept study, and
several missions and missions of opportunity are generally selected for this phase. At the completion
of the study phase, one or more concepts may be selected for development, based on their
continued scientific merit, technical, management and cost viability, and the availability of funding.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review

Performance IPAO 10/2008 Verified compliance with Agency requirements |10/2010
for program implementation and alignment with
Agency strategic goals and objectives. The
Discovery Program provides effective technical
and schedule analysis support to the projects
and continues to actively use risk-based insight
as part of its oversight of the projects. The AO
process has proven to be a well-defined,
disciplined process that is viewed by the science
community as fair and effective.
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 1.2 67.0 122.4 124.1 104.8 41.4 4.7 0.0 0.0 465.6
Budget Request

Formulation 1.2 27.0 22.3 0.0 0.0 0.0 0.0 0.0 0.0 50.5
Development / 0.0 40.0 100.1| 124.1| 1045 27.7 0.0 0.0 0.0 396.4
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.3 13.7 4.7 0.0 0.0 18.7
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 1.2 0.0 122.4| 122.8| 1131 24.9 5.7 - 0.0 390.0
Budget Request

Formulation 1.2 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 1.2
Development / 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 --
Other 0.0 0.0 1224 122.8] 113.1 24.9 5.7 -- 0.0 388.8
Changes from FY 2009 0.0 7.0 0.0 13 -8.3 16.5 -0.9 - 0.0 75.6
Request

Formulation 0.0 27.0 22.3 0.0 0.0 0.0 0.0 -- 0.0 49.3
Development / 0.0 40.0 100.1| 124.1| 104.5 27.7 0.0 - 0.0 396.4
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.3 13.7 4.7 -- 0.0 18.7
Other 0.0 0.0 -122.4| -122.8] -113.1 -24.9 -5.6 - 0.0 -388.8

Note: The FY 2010 LCC number in the table above is understated by $30.6M due to the difference in the FY09 enacted bill and
the April 2009 initial operating plan. Assuming approval of the initial operating plan, the estimated lifecycle cost will be $496.2M,
and the estimated development cost will be $427.0M.

Explanation of Project Changes

GRAIL was confirmed to proceed into implementation phase (KDP-C or Phase C/D) on January 28,
2009. This budget reflects GRAIL approved baseline for schedule, development cost, and life-cycle-
cost (LCC) with the 70% cost confidence level.
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Project Purpose

GRAIL was selected in December 2007 under the 2006 Discovery Announcement of Opportunity. The
overarching scientific goal of the GRAIL mission is to determine the structure of the lunar interior from
crust to core. The GRAIL mission will also advance our understanding of the thermal evolution of the
Moon and extend our knowledge gained from the Moon to the other terrestrial-type planets.

GRAIL will conduct six lunar science experiments: map the structure of the crust and lithosphere;
study the moon's asymmetric thermal evolution; determine the subsurface structure of impact basins
and the origin and of masons (i.e., high-gravity areas); study the temporal evolution of crustal
brecciation and magmatism; study affect on the structure of the deep lunar interior from lunar tides;
and understand the size of the possible lunar inner core.

Project Parameters

GRAIL will achieve its science objectives by placing twin spacecraft in a low altitude (50 km), and
nearly circular, polar orbit. The two spacecraft will perform high-precision range-rate measurements
between them. Analysis of changes in the spacecraft-to-spacecraft range-rate data caused by
gravitational differences will provide direct and high-precision measurements of the lunar gravity.
GRAIL will ultimately provide a global, high-accuracy (<10 mGal), high-resolution (30 km) gravity map
of the moon. The instrument is based on the successful Earth orbiting Gravity Recovery and Climate
Experiment (GRACE) mission.

Project Commitments

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
2 spacecraft with s/c
Flight System Lockheed Martin separatlp n of 175'225. km, Same Same
conducting 90-day science
phase
. . Ka-band ranging system
Lunar Gravity Ranging IPL _determlnes the precise Same Same
System instantaneous relative
range-rate of the two s/c
Take images of the moon,
Sally Ride Science the data will enrich the
E/PO MoonKam (SRS) middle school space Same Same
science curriculum
Launch Vehicle ULA CLIN23 - Delta Il Heavy Same Same
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Schedule Commitments

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request

Development

Development (Phase C/D or KDP-C) January 28, 2009 Same Same
Critical Design Review (CDR) November 2009 Same Same
System Integration Review (formerly ATLO) July 2010 Same Same
Launch Readiness Review September 2011 Same Same
End of Prime Mission June 2012 same same

Development Cost and Schedule Summary

GRAIL was confirmed to proceed into implementation phase (KDP-C or Phase C/D) on January 28,
2009. This budget reflects the approved GRAIL Project baseline for schedule, development cost, and
life-cycle-cost (LCC).

Current
Base Year
Base Develop- Current Yeiar Cost Base Year C;J(g:rnt Milestone
Project Vear | MentCost | Ty Develop- | change | Key Milestone | Milestone Milestone | Change
Estimate ment Cost (%) Date Dat (months)
($M) Estimate ate
(M)
Gravity Recovery Launch
and Interior 2009 427.0 2009 427.0 0 Readiness 9/8/2011 9/8/2011 0
Laboratory
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)

Total: 427.0 427.0 0.0
Payload 18.1 18.1 0.0
Spacecraft 133.3 133.3 0.0
Ground System 12.3 12.3 0.0
Science 10.8 10.8 0.0
Launch Vehicle 152.8 152.8 0.0
Other 99.7 99.7 0.0
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Project Management

The Gravity Recovery and Interior Laboratory Project is part of the Discovery Program managed by
Marshall Space Flight Center. The Principal Investigator from Massachusetts Institute of Technology
has delegated day-to-day project management to JPL.

Acquisition Strategy

GRAIL was selected competitively in December 13, 2007 under a Discovery Program Announcement
of Opportunity (AO-NNH06ZDA0010).

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review

Assess cost, schedule, and risk status of
Performance IPAO 10/2008 project. Findings for the review showed that cost 10/2010
and schedule for the 2011 launch are consistent
with the project's plans.

Project Risk Management

Title Risk Statement Risk Management Approach and Plan

Launch Vehicle One significant risk is the ULA is committed to ensuring that the Delta Il will be ready
continued availability of Delta |and continued insight/oversight with KSC.

Il line and launch pad at
affordable costs

Spacecraft & Reaction Wheel | Both GRAIL spacecraft are The single string risks are mitigated by use of proven

largely single string, and the | designs, high reliability parts, and additional testing of critical
light weight Reaction Wheel | systems, consistent with the cost and schedule constraints of
(RW) is a new development. |the project. If the light weight reaction wheel development
falls behind schedule, the project will revert back to an
existing RW.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 115.1 263.9 264.1 239.9 294.2 239.8 249.6
Request
Juno 95.0 245.0 237.2 174.2 71.4 17.8 18.1
Other Missions and Data 20.2 19.0 26.9 65.7 222.8 222.0 2315
Analysis
FY 2009 President's Budget 132.2 263.9 250.3 232.3 227.7 236.9 -
Request
Juno 108.3 245.0 225.2 168.0 14.4 17.8 -
Other Missions and Data 23.9 19.0 25.1 64.3 213.3 219.1 -
Analysis
Changes from FY 2009 Request -17.1 0.0 13.8 7.5 66.5 2.9 --

Program Overview

The New Frontiers Program, comprised of medium-sized to large-sized missions, constitutes a critical
element of NASA's solar system exploration capability. Proposed science targets for the New
Frontiers Program have included Pluto and the Kuiper Belt, Jupiter, Venus, and sample returns from
Earth's Moon and a comet nucleus. The program accomplishes high-quality planetary science
investigations using efficient management approaches. The program's prime objectives are to
enhance our understanding of the solar system as it is today, and of the solar system's formation and
evolution.

New Horizons and Juno are New Frontiers selected flight missions. New Horizons will conduct
reconnaissance of Pluto and its moon Charon. Juno's overarching scientific goal is to understand the
origin and evolution of Jupiter.

For more information, see http://newfrontiers.msfc.nasa.gov.
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Plans For FY 2010

The New Frontiers Program is built around a core of high-priority science missions identified by the
science community by the National Academy of Sciences. The program allows NASA to solicit
competitive innovative proposals from scientists for large new planetary missions that promise the
Nation a high return in knowledge gained relative to the cost.

The Juno Mission completed the Preliminary Design Review (PDR)/Non-Advocate Review (NAR) in
FY 2008 and NASA confirmed Juno to proceed to Phase C/D at a 70-percent confidence level. The
Juno Mission will start Critical Design Review (CDR) by mid- FY 2009. In FY 2010 the Juno mission
will enter into ATLO.

By FY 2010, New Horizons will have long passed the orbit of Saturn on its cruise to Pluto. It is on
track for a July 2015 arrival. The cruise period will include periodic spacecraft and instrument
checkouts and dress rehearsals for the Pluto fly-by.

The third New Frontiers AO will be released in May 2009. Concept studies selection is expected in
2010.
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Project Descriptions and Explanation of Changes

Juno

Juno, now in its development phase, is a mission to Jupiter scheduled to launch in August 2011.
The Juno science goals are to: determine the oxygen to hydrogen ratio to determine water
abundance and estimate core mass in order to decide among alternative theories of planetary origin;
understand Jupiter's interior structure and dynamic properties, including internal convection and the
size and mass of its core, through mapping of its gravitational and magnetic fields with
unprecedented accuracy; map variations in atmospheric composition, temperature, cloud opacity and
dynamics to depths greater than 100 bars at all latitudes; and characterize and explore the three-
dimensional structure of Jupiter's polar magnetosphere and auroras. Juno uses a simple, spin-
stabilized spacecraft in an elliptical polar orbit that minimizes radiation exposure by flying under
Jupiter's radiation belts at perijove and outside them at apojove. Juno's baseline orbit remains
continuously in sunlight, resulting in benign and stable thermal conditions. Spin stability eliminates
complex, power-hungry attitude control components such as reaction wheels. Additional detail can
be found in the Juno Project section of this document and at
http://newfrontiers.nasa.gov/missions_juno.html.

Other Missions and Data Analysis

The New Frontiers Future Project provides funds for future New Frontiers space missions to be
selected via a competitive Announcement of Opportunity process. The Third Announcement of
Opportunity (NF-3) draft was released to the community for comments in late 2008. The AQO is
expected to be released for competition in May 2009. The science targets for this NF-3 AO include:
South Pole Aitken Basin Sample Return, Comet Surface sample return, Venus In-Situ Explorer,
Network Mars Science, Trojan/Centaur, Asteroid Sample Return, lo Observer, and Ganymede
Observer. Mission selection is expected by late CY 2010 or early 2011.

The New Frontiers Research line provides for the Jupiter Data Analysis Project (JDAP), which
broadens the science community participation in the analysis of mission data, and allows scientists
outside the selected flight team to look at the data from the mission, do research, and publish their
findings. Data access through the New Horizons Research project allows a much broader, and
perhaps more objective analysis of data and samples. Without JDAP, the findings and publications
would not come out until years after the mission, since the New Horizons mission team members are
very busy while the spacecratft is flying. Furthermore, the JDAP project facilitates new ideas and
approaches, getting young people started in science, and broadening participation to get a critical
mass of scientific talent working on mission data at the critical time. In FY 2010 the JDAP program
will move to the Outer Planets Research Program.

On January 19, 2006, the New Horizons mission successfully launched on an Atlas V launch vehicle.
New Horizons will reach Pluto and its moon, Charon, in July 2015. New Horizons will conduct a
reconnaissance of the Pluto-Charon system, mapping their surface composition and surface
temperatures, characterizing their geology, characterizing the atmosphere of Pluto, searching for an
atmosphere around Charon, and searching for rings and additional satellites around Pluto.

New Frontiers Program Management resides at MSFC and is responsible for selected missions

(New Horizons and Juno), and provides for the development of Announcements of Opportunity. The
Program Office also supports independent panel review and selection processes.
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Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Launch an average of one mission per 52 New Frontiers Program same
months

Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior |08 [o9 |10 111213141516 [17]18]19]20]21] 22 | Beg | End |

New Horizons Tech
Nov-01 Mar-03

Mar-03 Jan-06
Jan-06 Sep-17

Juno

| | | Jul-04 Aug-08
Aug-08 Aug-11
Aug-11 Aug-18

New Frontiers |
Research

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Oct-08 Sep-22

Program Management

The Science Mission Directorate assigns scientific mission priorities and program responsibilities.
MSFC has New Frontiers program management responsibility.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
New Horizons MSFC GSFC, JPL None
Juno MSFC JPL, KSC, GSFC Italian Space Agency (ASI)
New Frontiers Research HQ Multi-Center None
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Acquisition Strategy

Future acquisitions of New Frontiers missions occur under open Announcement of Opportunity (AO)
competitions. The New Frontiers Program solicits proposals for an entire mission (including
instruments), put together by teams led by Pls and comprised of people from industry, small
businesses, government, and academia.

Major acquisitions for the New Horizons (APL) and Juno (JPL) projects are in place.

The Principal Investigator for New Horizons is at SouthWest Research Institute, Boulder, CO. Johns
Hopkins University/Applied Physics Laboratory has project management responsibility.

The Juno Principal Investigator is from the SouthWest Research Institute, San Antonio. Jet
Propulsion Laboratory provides mission project management and Lockheed Martin Space Systems
will build the spacecraft. The Italian Space Agency, ASI, is contributing the Ka-band and Infrared
Spectrometer instrument.

New Frontiers Research will be funded competitively, selected from the ROSES NRA.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review

Performance IPAO 10/2007 Verified compliance with Agency requirements |12/2009
for program implementation and alignment with
Agency strategic goals and objectives. The New
Frontiers Program provides effective technical
and schedule analysis support to the projects
and continues to actively use risk-based insight
as part of its oversight of the projects. The AO
process has proven to be a well-defined,
disciplined process that is viewed by the science
community as fair and effective.
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FY 2010 Budget Request

Science

Planetary Science
New Frontiers
Juno

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 130.9 95.0 245.0| 237.2| 174.2 71.4 17.8 18.1 102.4 1,091.9
Budget Request

Formulation 130.8 55.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 186.3
Development / 0.1 395 245.0| 237.2| 1585 46.9 0.0 0.0 0.0 727.2
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 15.7 24.5 17.8 18.1 1023 178.4
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 --
FY 2009 President's 130.9 108.3 245.0| 225.2| 168.0 144 17. - 0.0 909.5
Budget Request

Formulation 130.9 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 130.9
Development / 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 --
Other 0.0 108.3 245.0f 225.2| 168.0 14.4 17.8 -- 0.0 778.6
Changes from FY 2009 0.0 -13.3 0.0 12. 6.2 7.0 0.0 -- 1024 182.4
Request

Formulation -0.1 55.5 0.0 0.0 0.0 0.0 0.0 - 0.0 55.4
Development / 0.1 39.5 245.0| 237.2| 158.5 46.9 0.0 - 0.0 727.2
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 15.7 24.5 17.8 - 1023 178.4
Other 0.0 -108.3 -245.01 -225.2| -168.0 -14.4 -17.8 - 0.1 -778.6

Note: The FY 2010 LCC number in the table above is understated by $15.1M due to the difference in the FY09 enacted bill and
the April 2009 initial operating plan. Assuming approval of the initial operating plan, the estimated lifecycle cost of Juno will be
$1,107.0M, and the estimated development cost will be $742.3M.

Explanation of Project Changes

NASA confirmed Juno to proceed into implementation phase (KDP-C or Phase C/D) on August 05,
2008. The Juno budget is increased to reflect KDP-C decision which established the project's
schedule and baseline budget to include a 70% cost confidence level.
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Project Purpose

NASA selected Juno on July 15, 2005, under the New Frontiers Announcement of Opportunity. The
overarching scientific goal of the Juno mission is to improve our understanding of the origin and
evolution of Jupiter. However, as the archetype of giant planets, Jupiter can also provide knowledge
that will improve our understanding of both the origin of our solar system and of planetary systems
being discovered around other stars. The investigation focuses on the four science objectives:

Origin: Determine the oxygen-to-hydrogen ratio to determine water abundance and estimate core
mass to decide among alternative theories of planetary origin.

Interior: Understand Jupiter's interior structure and dynamic properties through mapping of its
gravitational and magnetic fields with unprecedented accuracy, including internal convection and the
size and mass of its core.

Atmosphere: Map variations in atmospheric composition, temperature, and cloud opacity and
dynamics, to depths greater than 100 bars, at all latitudes.

Magnetosphere: Characterize and explore the three-dimensional structure of Jupiter's polar
magnetosphere and auroras.

These objectives have been rated very highly in the National Academy of Sciences' Solar System
Exploration Decadal Survey and Sun-Earth Connections Decadal Survey. The Astrophysics Decadal
Survey identified the study of star formation, their planetary systems, as well as giant and terrestrial
planet birth and evolution as high priority. Juno fulfills key goals outlined in recent NASA and NRC
studies and is relevant to NASA's Vision for Space Exploration.

Project Parameters

Juno achieves the science objectives by using a simple spinning, solar-powered spacecraft to make
global maps of the gravity, magnetic fields, and atmospheric composition of Jupiter from a unique
elliptical polar orbit with a close perijove. The spacecraft carries precise, high-sensitivity radiometers,
magnetometers, and gravity science systems. Juno's 32 orbits extensively sample Jupiter's full range
of latitudes and longitudes. From its polar perspective Juno combines in-situ and remote sensing
observations to explore the polar magnetosphere and determine what drives Jupiter's remarkable
auroras.
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Juno

Project Commitments

Juno launch date is August 2011, and after a five-year cruise to Jupiter, Jupiter Orbit Insertion (JOI) is

scheduled for October 2016. Juno will perform one year of science operations.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Measures radio and
Waves University of lowa plasma emissions; 4 m Same Same
elec. dipole and search coll
: . Measures auroral
Jupiter Energetic . . D
particle Detector ‘;c;‘hrsli:':E;E? :;B“ed dls(’;r!butlf)qs(,)cl):f electrons Same Same
Instrument (JEDI) y ana ons, VS. energy,
ion & electron sensors
Maps Jupiter's gravitational
. ; : field to determine structure
Gravity Science Jet Propulsion Lab (JPL) of core: X & Ka-band Same Same
precision Doppler
Flux-Gate Maps Jupiter's Magnetic
Magnetometer (FGM) GSFC Field (Vector) Same Same
: C3 =32.0 km2/s2,
Launch Vehicle KSC Capability=3545 kg Same Same
UV Spectrometer Southwest Research FUV spectral imager for
(UVS) Institute (SwRI) auroral emissions Same Same
6 wavelengths (1.3-50 cm);
Microwave Radiometer . sounds atmosphere to
(MWR) Jet Propulsion Lab (JPL) determine water and Same Same
ammonia abundances
Solar-powered, spin-
stabilized spacecraft in an
Spacecraft Lockheed Martin elliptical polar orbit that Same Same
minimizes radiation
exposure
) lon mass spectrometer &
JQV|§n A_uroral Southwest Research electron analyzers;
Distributions measures auroral Same Same

Experiment (JADE)

Institute (SwRI)

distributions of electrons
and ions
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Schedule Commitments

Formulation started at project selection in July 2005. Juno proceeded into the implementation phase
on August 5, 2008.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request

Formulation
PDR 5/2008 same same
ATLO Readiness 3/2010 same same
Launch 8/2011 same same
Development
CDR 3/2009 same 4/2009

Development Cost and Schedule Summary

Juno was confirmed to proceed into implementation phase (KDP-C or Phase C/D) on August 05,
2008. The budget and schedule reflect the approved Juno Project baseline schedule, development
cost, and life-cycle-cost (LCC).

Base Year Current Current
Base Develop- Current De\\(/zéllcr)p Cost Base Year Year Milestone
Project ment Cost _. | Change | Key Milestone | Milestone . Change
Year | egtimate Year | ment Cost (%) Date M|I§stone (months)
($M) Estimate ate
($M)
Juno 2009 742.3| 2009 742.3 o|Launch 8/7/2011  |8/7/2011 0
Readiness

Development Cost Details

Consistent with 1QTR FY2009 MPAR, below is detailed development estimate supporting August
2011 launch readiness date (LRD).

Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 742.3 742.3 0.0
Spacecraft 236.5 236.5 0.0
Payloads 63.9 63.9 0.0
Launch Vehicle 190.4 190.4 0.0
Ground Systems 8.8 8.8 0.0
Science/Technology 22.1 22.1 0.0
Other Direct Project Costs 220.6 220.6 0.0
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Juno

Juno is part of the New Frontiers Program, with program management at Marshall Space Flight
Center. The Principal Investigator, from Southwest Research Institute, has delegated day-to-day Juno
project management to the Jet Propulsion Laboratory.

Project Element

Project Management
Responsibility

NASA Center Performers

Cost-Sharing Partners

Project Management &

Project Management Oversight JPL N/A
Jupiter energetic particle :
instrument (JEDI) Jet Propulsion Lab (JPL) None None
Plasma Waves Experiment :
(WAVE) Jet Propulsion Lab (JPL) None None
Management; Microwave .

) ’ . MSFC/New Frontiers .
radiometer, and Gravity Program (;vffice ! Jet Propulsion Lab (JPL) None
Science Experiment
Vector Fluxgate : Goddard Space Flight Center
Magnetometer (FGM) Jet Propulsion Lab (JPL) (GSFC) None
UVS and JADE instruments '\Pﬂri'g:gme(;vﬂirgmiers None None
Flight System, Integration Jet Propulsion Lab (JPL) None None
and Test
Overall responsibility for
the development MSFC/New Frontiers
. Lo . ' N N
implementation, operation, |Program Office one one
and success of the mission
JunoCam Jet Propulsion Lab (JPL) None None
KaBand and IR science Jet Propulsion Lab (JPL) None Italian Space Agency (ASI)

Acquisition Strategy

All major acquisitions are in place. Juno was selected competitively in July 15, 2005 under a New
Frontiers Program Announcement of Opportunity (AO-03-OSS-03).

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Assess cost, schedule, and risk status of
Performance IPAO /SRB 05/2008 project/Findings for the review showed that cost 04/2009

and schedule for the 2011 launch are consistent

with the project's plans.
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Project Risk Management

Title

Risk Statement

Risk Management Approach and Plan

Solar Array Performance

Highly possible solar array
performance could be less
than expected in the low-
intensity, low-temperature
and high-radiation
environment of Jupiter.

Performing early radiation tests on solar cells and
conservative estimates of performance. Engaging
independent team to assess and validate power generation
models and assumptions.

Mass Margin

Highly possible erosion of
mass margin as subsystems,
such as solar arrays,
complete CDR updates.

Scrubbing estimates and contingencies for erosion of mass
margin.

Juno-MSL Launch conflict

Possible Juno launch conflict
with MSL launch slip to
10/2011 resulting from the
required 90-day launch
separation window.

Working with MSL and the KSC launch service provider to
validate the launch separation requirement and ascertain
launch options.

Stellar Reference Unit (SRU)
performance

Highly unlikely degraded SRU
performance on a spinning
spacecraft in a high-radiation
environment.

Initiated competitive study contracts and radiation testing to
select SRU with best performance to meet project needs.
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Mission Directorate: Science

Theme: Planetary Science
Program: Mars Exploration

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 709.3 381.6 416.1 494.5 405.5 514.3 536.7
Request
2009 Mars Science Lab 545.0 223.3 204.0 194.6 67.3 65.0 30.0
MAVEN 1.0 6.7 53.4 168.7 182.6 138.4 30.6
Other Missions and Data 163.3 151.6 158.7 131.2 155.7 310.9 476.1
Analysis
FY 2009 President's Budget 553.5 386.5 299.6 3445 341.1 413.8 --
Request
2009 Mars Science Lab 305.5 223.3 69.0 54.6 37.6 0.0 --
MAVEN 57.7 6.7 68.5 152.5 170.7 121.8 --
Other Missions and Data 190.3 156.5 162.1 137.4 132.8 292.0 --
Analysis
Changes from FY 2009 Request 155.8 -4.9 116.5 150.1 64.4 100.5 --

Program Overview

Mars is the most Earth-like planet in our solar system, with land mass approximately equivalent to the
Earth's and what appear to be familiar features such as riverbeds, past river deltas, and volcanoes.
Mars has the best planetary record of the first billion years of our solar system and holds scientific
clues to the development of the solar system, planets, and maybe life itself. The Mars Program has
been developed to conduct a rigorous, incremental, discovery-driven exploration of Mars to determine
the planet's physical, dynamic, and geological characteristics.

Phoenix arrived safely on the Martian surface and successfully completed its science objectives,
producing stunning science data, the first views of the Martian arctic, discovery of perchlorates in the
soil, a much more basic soil than hypothesized, and the first chemical of water (ice) on another
planet. Spirit and Opportunity are five years into their surface exploration of Mars, and they continue
to return a wealth of new results. Opportunity finished its exploration of Victoria Crater and is now
moving south to Endurance Crater, twenty times larger than Victoria. Spirit has survived its third
winter and conducted further studies in the area of what remains of an ancient hydrothermal system.
The Mars Reconnaissance Orbiter (MRO) has completed its first phase of the science mission and
has returned fantastic results highlighting the periodicity in the martian climate and delineating a
plethora of minerals that have had interaction with water. Mars Odyssey is still going strong, the
gamma-ray spectrometer has leant support to the idea of ancient oceans and the Thermal Emission
Imaging System has found new evidence of salt deposits. Meanwhile, MSL delays to the 2011 launch
opportunity due to technical/schedule problems and launch window constraint, and the Program has
engaged ESA in investigating the options for a joint 2016 mission encompassing their ExoMars rover
mission.

For more information, see http://mars.jpl.nasa.gov.
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Plans For FY 2010

Mars Science Laboratory (MSL) will complete remaining hardware builds, conduct Rover System
Environmental Test Program, and be at the launch site by the 3rd quarter of FY 2010.

MAVEN will complete Preliminary Design Review (PDR) by 3rd quarter FY 2010.

ExoMars instruments, including potential US collaborations/contributions, will have an extended
Phase B in FY 2010.

Odyssey will be in a new orbit with improved sensitivity to detect minerals on the surface.
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Project Descriptions and Explanation of Changes

Mars Science Laboratory (MSL)

Currently in its implementation phase, MSL takes a major step forward in Mars exploration, both
technically and scientifically, utilizing a new entry, descent, and landing system, a long-duration
rover, and ten payload elements for definitive mineralogical and organics measurements. The
primary scientific objective is to explore and quantitatively assess a local region on Mars as a
potential habitat for past or present life. MSL will lay the ground work for future scientific missions,
including Mars Sample Return, and will provide key information for human exploration. Additional
detail can be found in the MSL Project section of this document. Due to technical problems and
launch window constraints, MSL has been delayed from the 2009 to the 2011 launch opportunity.

Mars Atmosphere and Volatile EvolutioN (MAVEN)

NASA selected the second Mars Scout mission, Mars Atmosphere and Volatile EvolutioN (MAVEN),
for formulation phase on September 15, 2008. Currently in it's formulation phase, MAVEN, a robotic
orbiter mission, will provide a comprehensive picture of the Mars upper atmosphere, ionosphere,
solar energetic drivers, and atmospheric losses. It will deliver key measurements addressing long-
standing questions about the climate history and habitability of Mars. NASA's Goddard Space Flight
Center in Greenbelt, MD., will manage the project. Lockheed Martin of Littleton, Colo., will build the
spacecraft based on designs from NASA's Mars Reconnaissance Orbiter and 2001 Mars Odyssey
missions.
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Other Missions & Data Analysis

In its third extended mission operation phase, the primary scientific objectives of Odyssey include
more sensitive measurement of the mineralogy of the surface, monitoring of inter -annual variations
of Mars climate and surface processes, acquiring future mission landing site data, and continuing as
a key telecommunications relay at Mars.

Currently in their sixth extended operation phase, both the Spirit and Opportunity rovers continue to
explore geological settings on the surface of Mars using a suite of remote sensing and in-situ
instruments. Their objective is to expand our understanding of the history and the geological
processes that shaped Mars, particularly those involving water.

Currently in its second extended mission operation phase, the objective of Mars Express, a
European Space Agency and Italian Space Agency mission, is to search for sub-surface water from
orbit. NASA participates in the scientific analysis of mission data, including the recent investigations
into the mysterious deposits of the Medusae Fossae Formation.

Currently in its first extended operation phase, MRO science objectives include: 1)provide high-
resolution spectral maps and images for interpretation of the geology of the Martian crust; 2)use
ground-penetrating radar to map compositional discontinuation and layering under the surface; and
3)create planetary-scale maps of critical atmospheric properties. MRO is also the key
telecommunications relay for the first half of the next decade at Mars.

Mars Mission Operations (MMO) provides management and leadership for the development and
execution of Mars multi-mission operations. MMO supports and provides operational capabilities at a
lower cost and risk to all current Mars projects.

Once missions have concluded their primary mission phase, further funding for extended operations
is allocated based on the findings of a senior review board. Their review of each mission enables
them to make recommendations for the allocation of the extended operations budget based on
scientific merit.

NASA invests in research and analysis of Mars mission data in order to understand how geologic,
climatic, and other processes have worked to shape Mars and its environment over time, as well as
how they interact today.

NASA selected Urey and MOMA instrument proposals for technology development studies for
potential inclusion in the European ExoMars mission. These instruments, currently in Phase B, would
help cement future collaboration with ESA. Due to the ESA schedule, the ExoMars launch has been
delayed from 2013 to the 2016 launch opportunity.

The Mars Exploration Program plans future missions to Mars that build on scientific discoveries from
past missions and incorporate the lessons learned from previous mission successes and failures.
Missions in planning include a Mars mission in 2016, 2018, and potentially Mars Sample Return
(MSR). Due to cost realism, and to better align with international partners' science, technical and
schedule requirements, future Mars missions will likely be built on a joint international program and
will use envisioned MSR technology to help retire technical risk of the MSR mission as budgets
allow. It should be noted that the MSR current costs estimate is mature, but either additional funds
or substantial foreign contributions will be required to implement the project in the 2020/2022
timeframe.
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Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
MEP will provide continual operational presence |Mars Exploration Same

on Mars

At least one Mars mission will be launched at
every opportunity (every 26 months)

Missed the 2009 launch
opportunity due to MSL required
launch delay

Mars Exploration

Implementation Schedule

Project

Schedule by Fiscal Year

Phase Dates

Prior

08109110)11)112)113|14]15[16([17(18

19

20

21

22

| Beg | End |

Mars Odyssey

Tech

Apr-97 Apr-99
Apr-99 Apr-01
Apr-01 Sep-11

Mars Exploration
Rovers (Spirit &
Opportunity)

May-00 Aug-01
Aug-01 Jun-03
Jun-03 Sep-10

Mars Reconnaissance
Orbiter (MRO)

Jan-01 Jul-02
Jul-02 Aug-05
Aug-05 Sep-11
Oct-11 Sep-17

Mars Scout (Phoenix)

Aug-03 Mar-05
Mar-05 Aug-07
Aug-07 Aug-08
Aug-08 Nov-08

Mars Science
Laboratory (MSL)

Nov-03 Aug-06
Aug-06 Dec-11
Dec-11 Oct-13
Oct-13 Oct-17

Mars Express

Jan-00 Sep-00
Sep-00 Jun-03
Jun-03 Dec-05
Dec-05 Sep-11

The Mars Atmosphere
and Volatile EvolutioN
(MAVEN)

e

Sep-08 Sep-10
Sep-10 Nov-13
Nov-13 Dec-14
Dec-14 Jul-16

Mars R&A

Oct-00 Sep-22

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project
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The Jet Propulsion Laboratory has responsibility for implementation of the Mars Exploration Program.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Mars Exploration Rovers (MER) |JPL JPL, ARC, GRC, None
JSC, GSFC

Mars Reconnaissance Orbiter |JPL JPL, ARC, GSFC, Agenzia Spaziale ltaliana (ASI)

(MRO) JSC, MSFC

Mars Phoenix JPL JPL, ARC, JSC Canadian Space Agency (CSA)

Mars Science Laboratory (MSL) (JPL JPL, ARC, GSFC, Department of Energy; International
KSC, GRC, LaRC, partners include Canada, Spain, and
JSC Russia.

Mars Atmosphere and Volatile |JPL GSFC, KSC, JPL Centre d'Etude Spatiale des

EvolutioN (MAVEN) Rayonnements (CESR)

Mars Odyssey JPL JPL, MSFC None

Mars Express (MEX) JPL JPL, GSFC European Space Agency (ESA)

ExoMars JPL JPL, ARC, LaRC, European Space Agency (ESA)

GSFC

Acquisition Strategy

The Mars Exploration Program (MEP) has set a goal of open competition for all missions. All major

acquisitions for MSL, ExoMars instruments, and MAVEN are in place.

Malin Space Systems, Honeybee Robotics, Lockheed Martin, Aeroflex are providing support and

hardware for the MSL mission.

The principal investigator for the MAVEN mission is Dr. Bruce Jakosky of the Laboratory for
Atmospheric and Space Physics at the University of Colorado at Boulder. NASA's Goddard Space
Flight Center in Greenbelt, Md., will manage the project, and Lockheed Martin of Littleton, Colo., will

build the spacecraft.

All research and technology is procured through the ROSES announcement and a competitive, peer-

review selection process.
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Review Type

Performer

Last Review

Purpose/Outcome

Next Review

Performance

IPAO

10/2006

A Program Implementation Review was
conducted in October 2006. Review determined
the Mars program was functioning well and
continuing to make important contributions to
science and the Vision, but was short on reserve
funding. It also found that MSL is critical for
future mission science and technology.

12/2009

All

Senior Review
Panel

03/2008

Comparative review of Mars operating missions.
Missions are ranked in terms of science,
engineering capability, and their programmatic
roles as they relate to the Mars Exploration
program. The findings lead to mission extension
for Odyssey, MER, MEX, and MRO, with orbit

time change for the Mars Odyssey mission.

03/2010
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 970.1 545.0 223.3| 204.0] 194.6 67.3 65.0 30.0 0.0 2,299.3
Budget Request

Formulation 515.5 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 515.5
Development / 454.6 545.0 223.3| 204.0| 194.6 35 0.0 0.0 0.0 1,625.0
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 63.8 65.0 30.0 0.0 158.8
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 969.8 305.5 223.3 9.0 4.6 37.6 0.0 - 0.0 1,659.8
Budget Request

Formulation 515.6 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 515.6
Development / 454.2 305.5 220.0 5.4 0.0 0.0 0.0 -- 0.0 985.1
Implementation

Operations / Close-out 0.0 0.0 3.3 63.6 54.6 37.6 0.0 -- 0.0 159.1
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Changes from FY 2009 0.3 239.4 0.0| 135.0 140.0 9.7 5.0 - 0.0 639.4
Request

Formulation -0.1 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -0.1
Development / 0.4 239.5 33| 198.6| 194.6 35 0.0 - 0.0 639.9
Implementation

Operations / Close-out 0.0 0.0 -3.3 -63.6 -54.6 26.2 65.0 -- 0.0 -0.3
Other 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 - 0.0 -0.1

Note: The FY 2010 LCC number in the table above is understated by $6M due to the difference in the FY09 enacted bill and the
April 2009 initial operating plan. Assuming approval of the initial operating plan, the estimated lifecycle cost will be $2,305.3M,
and the estimated development cost will be $1,631.0M.

Explanation of Project Changes

A launch date of October 2009 no longer is feasible because of testing and hardware challenges that
must be addressed to ensure mission success. The window for a 2009 launch ends in late October.
The relative positions of Earth and Mars are favorable for flights to Mars only a few weeks every two
years. The next launch opportunity after 2009 is in 2011. NASA announced this delay in December
2008, and estimated the lifecycle cost of the mission to be about $2.3 billion; the FY 2010 Budget
request reflects that.

SCI-136



Mission Directorate: Science
Theme: Planetary Science

Program: Mars Exploration
Project In Development: 2009 Mars Science Lab

Project Purpose

The Mars Science Laboratory (MSL) mission is the most technologically challenging interplanetary
rover ever designed. It will use new technologies to adjust its flight while descending through the
Martian atmosphere, and to set the rover on the surface by lowering it on a tether from a hovering
descent stage. Advanced research instruments make up a science payload 10 times the mass of
instruments on NASA's Spirit and Opportunity Mars rovers. The Mars Science Laboratory is
engineered to drive longer distances over rougher terrain than previous rovers. It will employ a new
surface propulsion system.

The MSL Project will make detailed measurements of element composition, elemental isotopes and
abundance, mineralogy, and organic compounds to determine if Mars has, or ever had, an
environment capable of supporting life within the regions it will explore.

MSL has four science objectives: assess the biological potential of at least one selected site on Mars;
characterize the geology and geochemistry of the landing region at all appropriate spatial scales;
identify planetary processes relevant to past habitability; and characterize the broad spectrum of the
Martian surface radiation environment.

For more information, see the MSL homepage at
http://marsprogram.jpl.nasa.gov/missions/future/msl.html.

Project Parameters

The MSL is a surface rover which will collect Martian soil and rock samples and analyze them for
organic compounds and environmental conditions that could have supported microbial life now or in
the past. MSL will be a long-duration (two years) roving science laboratory that will be twice as long
and three times as heavy (800-850 kilograms) as the Mars Exploration Rovers, Spirit and Opportunity.

Key technologies developed for MSL include: throttle-controlled, high-thrust engines, required during
Martian entry, descent, and landing (EDL); sample acquisition and processing equipment used to
acquire and distribute samples to the analytic instrument suite; and long-life, high-reliability, thermal-
cycle-resistant electronics for use in the rover.

The EDL system will accommodate a wide range of possible latitude and altitude locations on Mars in

order to be discovery-responsive and to have the capability to reach very promising, but difficult-to-
reach scientific sites.
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Project Commitments

The Mars Science Laboratory (MSL) will be ready to launch in late CY 2011 and will arrive at Mars
after approximately 9 months of flight time. MSL will operate for two Earth years on the surface of
Mars and will travel approximately 20 kilometers.

FY 2009 PB FY 2010 PB

Project Element Provider Description
J P Request Request

Rover JPL Travel 20 kilometers over

: Same Same
the Martian surface.

Acquire color, stereo

- ; h Deleted descent
images with resolutions up

Stereoscopic and

microscopic cameras Malin Space Systems 0 0.2 mm/pixel at 2 m Same ;n;;ggner and camera
range.
Acquire, process and Changed the rock
Robotic arm tools Honeybee Robotics deliver 75 rock an_d soil Same grinder to a br_ush,
samples to analytic sample quantity
instruments. unchanged
_ Department of Remotely measure
Chemistry camera Energy/Los Alamos elemental composition of Same Same
(ChemCam) National Laboratory; rocks and soil up to 9m
France from rover.
Measure with high
Alpha Particle X-ray precision the elemental
Canada (CSA " A Same Same
Spectrometer ( ) composition of in situ rocks
and soil.
. Monitor key atmospheric
Rover Environmental measurements including
Monitoring System Spain temperature, pressure, Same Same
(REMS) wind speed/direction and
humidity.
Dynamic Albedo of Russia (IKI) Measure hydrogen content Same Same

Neutrons (DAN) in subsurface deposits.

Transport rover to Martian

Cruise stage and entry |} .\ heed Martin surface and land with Same Same

system ;

y impact speed below 1 m/s

o . Conduct one-year cruise
Mission operatlons and JPL and MO-ygar rover primary | goa Same
data archive mission with remotely

located science team.

Analysis of elemental and

Sample Analysis at NASA/GSFC isotopic composition of Same Same

Mars (SAM
( ) Mars samples
Chemistry & Analysis of mineral and
Mineralogy Instrument | NASA/ARC chemical content of Mars | Same Same
(CheMin) samples
Hockey puck-sized
container will collect
Sample cache ARC sample of Martian soil for New Commitment Deleted

possible later collection by
a Mars Sample Return
mission
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Schedule Commitments

2009 Mars Science Lab

The Mars Science Laboratory Project entered formulation in November 2004, proceeded into the
development phase in August 2006, with a launch currently scheduled for late CY 2011.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
Critical Design Review June 2007 No change Same
System Integration Review (formerly ATLO) February 2008 February 2008 Same
Launch Readiness Review September 2009 September 2009 4QTR CY 2011
Development Cost and Schedule Summary
Base Year Current Current
Base Develop- Current De\\(/z"licr)p Cost Base Year Year Milestone
Project ment Cost " | Change | Key Milestone | Milestone . Change
Year Estimate Year ment Cost (%) Date Milestone (months)
($M) Estimate Date
(M)
2009 Mars 2006 968.6| 2009  1,631.0 68 | Launch 9/30/2009 |11/7/2011 25
Science Lab Readiness

Development Cost Details

Development cost increased due to technical and schedule problems. The current development cost
supports the 2011 launch opportunity.

Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 968.6 1,631.0 662.4
Spacecraft 424.8 943.3 518.5
Payloads 64.9 124.3 59.4
Systems I&T 46.5 92.0 45,5
Launch Vehicle/Services 182.6 215.1 325
Ground Systems 45.5 77.7 32.2
Science/Technology 114 16.9 5.5
Other direct project cost 192.9 161.7 -31.2
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Project Management

2009 Mars Science Laboratory is a JPL-managed in-house project. Instrument implementation has
been assigned to JPL. The responsible NASA official is the Director for the Planetary Science
Division.

Project Element Proé?;p“gﬁgﬁgﬁgem NASA Center Performers Cost-Sharing Partners
Rover JPL JPL None
Stereoscopic and JpL None None
microscopic cameras
Robotic arm tools JPL JPL None
Chemistry camera JPL None Department of Energy and
(ChemCam) France
Alpha Particle X-ray JPL None Canada
Spectrometer
Rover Environmental :
Monitoring System (REMS) JPL None Spain
Dynamic Albedo of i

PL N R
Neutrons (DAN) J one ussia
Cruise stage and entry JpL JPL, AMES, LaRC None
system
Spacecraft JPL JPL None
Sample Analysis at Mars
(SAM) JPL GSFC CNES (France)
Chemistry & Mineralogy
Instrument (CheMin) JPL ARC None

Acquisition Strategy

All major acquisitions are in place. All major instruments were competitively selected.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review

Assess maturity of MSL design. Design was
deemed adequate to achieve mission science
Performance HQ/SRB 11/2008 goals, bu'g project needs additional time to work 03/2009
the technical problems and perform adequate
testing. The finding led to launch delay, from the
2009 to the 2011 launch window opportunity.
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Project Risk Management

Title Risk Statement Risk Management Approach and Plan
Actuators and Avionics Actuator production and Plans are in place to have Actuator Flight Model deliveries
assembly delays can possibly | completed by June 09, to complete resolution of Avionics
threaten overall schedule. design and test issues by September 2009, and to complete

Avionics FPGA designs are Avionics flight deliveries in early 2010.
maturing later than planned
due to design complexity and
offset between hardware &
software development
schedules.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 1.0 6.7 53.4 168.7 182.6 138.4 30.6
FY 2009 President's Budget Request 57.7 6.7 68.5 152.5 170.7 121.8
Total Change from 2009 President's Budget -56.7 0.0 -15.1 16.2 11.8 16.6 --
Request

Project Purpose

MAVEN was selected in September 2008 under the 2006 Mars Scout Announcement of Opportunity.
The MAVEN mission will provide a comprehensive picture of the Mars upper atmosphere, ionosphere,
solar energetic drivers, and atmospheric losses. MAVEN will deliver comprehensive answers to long-
standing questions regarding the loss of Mars' atmosphere, climate history, liquid water, and
habitability. MAVEN will provide the first direct measurements ever taken to address key scientific
questions about Mars' evolution. Specific MAVEN science objectives consist of:

- Determine structure and composition of the atmosphere and ionosphere;

- Determine the physical and chemical processes that control loss processes;

- Determine escape rates of neutrals;

- Determine escape rates of ions;

- Determine the external inputs that control upper atmosphere and ionosphere structure and that drive
escape; and

- Determine the relative escape rates of the stable isotopes and the resulting isotopic fractionation.

Additional information can be found in http://lasp.colorado.edu/maven/

Project Preliminary Parameters

MAVEN will deliver its science using three instrument packages: a stand-alone neutral gas and ion
mass spectrometer (NGIMS), capable of measuring thermal neutrals and ions; a stand-alone imaging
ultraviolet spectrometer (IUVS); and the Particles and Fields (P&F) package, consisting of six
instruments measuring ionospheric properties, energetic ions, solar wind and solar energetic particles,
magnetic fields, and solar extreme ultraviolet irradiance.
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Estimated Project Deliverables

The MAVEN measurements will be made from an elliptical orbit with periapsis at 150 km and
apoapsis at 6220 km (4.5-hour period). MAVEN will use a sun-pointing, three -axis stabilized
spacecraft, with a two-axis gimballed, Mars-pointing platform for the NGIMS, 1UVS, and the
SupraThermal And Thermal lon Composition (STATIC) instruments. The spacecraft has a body-
mounted high-gain antenna.

FY 2009 PB FY 2010 PB

Project Element Provider Description
J P Request Request

United Launch Alliance Intermediate Class launch
(ULA) service

MRO spacecraft bus and
avionic suite, with cross
Spacecraft Lockheed Martin strapping and New
monopropellant propulsion
system

Launch Services New

Estimated Project Schedule

MAVEN will be launched in November 2013, and will arrive at Mars in September 2014.

Milestone Name FAOrm“'a“O? FY 2009 PB FY 2010 PB

greemen Request Request
Estimate

Formulation

PDR 3QTR CY2010 New

CDR 3QTR CY 2011 New

ATLO 3QTR CY 2012 New

Launch 4QTR CY 2013 New

Mars Orbit Insertion September 2014 New
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Project Management

The MAVEN is part of the Mars Program managed by the JPL. The PI from the University of Colorado
has delegated the day-to-day management to GSFC.

Project Management

Project Element Responsibility

NASA Center Performers Cost-Sharing Partners

Program Management JPL GSFC

Project management, msn
sys engineering, safety and GSEC GSEC
mission assurance, and
project scientist

Neutral gas and ion mass

F F
spectrometer (NGIMS) GSFC GSFC
Navigation, trajectory, and GSFC JPL

orbit maintenance analysis

Magnetometer (MAG) -
Measures interplanetary, GSFEC GSEC
solar wind, and ionospheric
magnetic fields

Acquisition Strategy

All major acquisitions are in place. MAVEN was selected competitively on September 15, 2008 under
the Mars Scout 2006 Announcement of Opportunity (AO- NNHO6ZDA0020).

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Technical Reviewed science, technical approach, cost,and
All Management |08/2008 schedule. Finding led to selection of the MAVEN |N/A
Cost mission.
Performance IPAO N/A \é\:i;}:;sess cost, schedule, and risk status of 1QFY11

Project Risk Management

Title Risk Statement Risk Management Approach and Plan

N/A None identified at this time
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FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 62.2 101.1 98.6 97.1 140.3 117.7 118.5
Request

Outer Planets 62.2 101.1 98.6 97.1 140.3 117.7 118.5
FY 2009 President's Budget 81.9 101.1 216.7 279.4 230.6 362.0
Request

Outer Planets 81.9 101.1 216.7 279.4 230.6 362.0
Changes from FY 2009 Request -19.8 0.0 -118.1 -182.2 -90.3 -244.2

Program Overview

The Outer Planets Program consists of three strategic elements: the ongoing Cassini mission, a new
Outer Planets Flagship mission, and the Flagship Data Analysis project. These elements enable
science investigations across a broader array of disciplines and in more depth than competed
missions. The science discoveries made by these missions are not expected to be easily displaced
with time and are expected to overthrow previous paradigms and create new ones in their place.

Plans For FY 2010

Cassini completed its prime mission in July 2008, and started into an extended mission with a new
set of science goals. The primary objective of the Cassini extended mission is to continue mission
operations at the prime mission level in order to further investigate the discoveries made of Titan and
Enceladus during the prime mission. In FY 2010 Cassini will complete its first extended mission at
Saturn. This will include performing nine close flybys of Titan, four with Enceladus, and three with
other smaller satellites throughout the year. Scientific studies of Saturn, its rings, and magnetosphere
will continue. NASA will evaluate a second mission and science extension in late calendar year 2009.

In February 2009 NASA down-selected the Outer Planets Flagship (OPF) from three science targets
to focus on the Europa Jupiter System. In addition to further definition study and technology
development efforts for the Europa Jupiter System Mission (EJSM) throughout FY 2010, NASA will
also continue to negotiate the details of a potential partnership with the European Space Agency
(ESA) and other international partners.
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Project Descriptions and Explanation of Changes

Outer Planets

NASA plans to fund concept studies and technology development for an Outer Planets Flagship
mission. In the 2nd quarter of FY 2009, NASA, working jointly with the European Space Agency,
selected a mission to Jupiter and its moon Europa for more detailed concept studies.

Projected mission costs and the resource constraints of our potential international partners preclude
a new start during FY 2010.

Cassini-Huygens, in its extended operations phase, is an Outer Planets Flagship mission to Saturn
that is profoundly altering our understanding of that planet, its famous rings, magnetosphere, icy
satellites, and particularly the moons Titan and Enceladus. Cassini-Huygens is an international
collaborative effort with a four year orbiter prime mission. Cassini is the first spacecraft to explore the
Saturn system in detail, including its rings and moons. A major focus is Saturn's largest moon, Titan,
with its dense atmosphere, methane-based meteorology, and geologically active surface. Launched
in October 1997, Cassini arrived at Saturn in July 2004, and will continue with its first extension to
investigate Saturn and Titan throughout FY 2010.

The Cassini Data Analysis Project (CDAP) broadens the science community participation in the
analysis of the wealth of new Cassini mission data. The project allows scientists outside the selected
flight team to utilize the mission data, conduct research, and publish findings. CDAP dramatically
increases the scientific return of the mission and accelerates the rate of that return. Research
conducted under CDAP can affect and alter the Cassini imaging targets, such as Titan, and its flybys
(e.g., Enceladus plume).

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Deliver science data to Planetary Data Systems [ Cassini Same

(PDS) consistent with science archive plan (in
increments within 6 -9 months)

Publically release study reports Outer Planets Flagship New

Release ROSES and make selections Research Data Analysis New
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |

Cassini Tech
Sep-89

Oct-89 Oct-97
Oct-97 Sep-10
Oct-97 Sep-17
Jan-07 Sep-11
Oct-11 Sep-14
Oct-14 Sep-20
Oct-20 Jul-25

Outer Planets Flagship | | | | | | | | |

Research Data
Analysis

Oct-97 Sep-22

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

Program management responsibility for the Outer Planets Flagship Program program resides at JPL.
Scientific mission priorities for OPF reside with SMD. The responsible official for this program is the
Director of Planetary Science.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers

Cassini JPL JPL The Italian Space Agency provided
Cassini's high-gain communication
antenna and the Huygens probe was
built by the European Space Agency

(ESA).
Outer Planets Flagship JPL JPL ESA
Research Data Analysis HQ Multi-Center None

Acquisition Strategy

All major acquisitions contracts for Cassini are in place. The acquisition strategy for the Outer
Planets Flagship (OPF) mission is expected to be similar to Cassini. The OPF science payload will
be competitively selected.
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Theme:
Program:

Independent Reviews

Science

Planetary Science
Outer Planets

Review Type Performer Last Review Purpose/Outcome Next Review
Quality Senior Review [02/2007 Cassini senior review for an extended mission  [02/2009
Panel recommended approval of the extended mission
science. Decision on the Cassini second
mission extension is expected in CY 2009.
Performance Independent |12/2009 Independent science, technical, management, [11/2010
TMC-Science and cost review of concept studies. Results
Panels pending.
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Planetary Science
Technology

Mission Directorate:

Theme:
Program:

FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 65.2 64.9 89.0 98.4 102.1 93.5 91.4
Request

Technology 65.2 64.9 89.0 98.4 102.1 93.5 91.4
FY 2009 President's Budget 84.8 64.9 69.3 69.6 71.3 73.0
Request

Technology 84.8 64.9 69.3 69.6 71.3 73.0
Changes from FY 2009 Request -19.6 0.0 19.7 28.8 30.8 20.6

Program Overview

Planetary Science is a challenging endeavor. Future Planetary Science missions will demand
advances in both power and propulsion systems to enable successful trips to harsh environments, far
from the Sun, with highly challenging trajectories. To meet these needs, the Planetary Science
Technology Program includes the In-Space Propulsion (ISP), Radioisotope Power Systems (RPS),
and Advanced Multi-Mission Operations System (AMMOS) Projects.

The ISP Project develops in-space propulsion technologies that can enable or benefit near- and
mid-term NASA missions. These technologies will enhance the performance of planetary science
missions by allowing increased science payload mass, minimized launch cost and decreased mission
trip times. Furthermore, ISP will enable access to more challenging and interesting science
destinations. The ISP Project is completing development of several propulsion technologies in
support of future Flagship, Discovery, Mars, and New Frontiers missions. The high-temperature
chemical thruster development task, high-priority aerocapture ground activities, electric propulsion
development efforts for NASA's Evolutionary Xenon Thruster (NEXT) ion system development, and
sample return propulsion technology development are the focus core technologies under study and
development.

The Radioisotope Power System (RPS) Project advances the capabilities of spacecraft power
systems, thereby making it possible for missions to travel to destinations distant from the sun, or
where sunlight is obscured or infrequent. RPS is developing a proto-flight Advanced Stirling
Radioisotope Generator (ASRG) by the 2013-2014 time frame and is initiating development of a small
RPS system for use in distributed network mission environments. RPS continues low-level
investments in advanced thermoelectric conversion and thermal photovoltaic technologies as seeds
to meet future needs late in the next decades. Consolidation of multi-mission RPS studies and cross-
cutting launch approval activities are now included in the RPS project. Funds will be needed to
procure nuclear material to support missions in formulation.

The AMMOS Project provides planetary science missions with a set of navigation and design

software tools and services for flight mission training, space communications resources allocation,
and improved communication and navigation.
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Plans For FY 2010

The In-Space Propulsion (ISP) Project will:

- Continue electric propulsion life validation testing and analysis of NASA's Evolutionary Xenon
Thruster (NEXT);

- Complete high priority technology development activities (large scale aeroshell manufacturing,
Guidance Navigation and Control system testing, and space environmental effects testing) for
aerocapture; and

- Continue electric propulsion Hall thruster development task towards Technology Readiness Level 6
(TRLSG).

Radioisotope Power Systems (RPS) Project will:

- Continue extended performance testing of the Advanced Stirling Radioisotope Generator (ASRG)
engineering unit to provide reliability data;

- Begin development of one Advanced Stirling Radioisotope Generator (ASRG) proto-flight unit for
delivery by the 2013-2014 time frame;

- Demonstrate 1500-hour lifetime Radioisotope Thermoelectric Generator couples and validate four-
couple module power output; and

- Initiate design of a small Radioisotope Power System (deca-watt class).

Advanced Multi-Mission Operations System (AMMOS) will continue to develop multi-mission software
tools for spacecraft navigation and mission planning, efficient spacecraft communication, and data
handling.

Project Descriptions and Explanation of Changes

Technology

The In-Space Propulsion (ISP) portfolio invests in high-priority technology areas such as Electric
Propulsion (Next-Generation Electric Propulsion), Aerocapture Technology, Advanced Chemical
propulsion, and sample return propulsion technology development.

Investments in technology planning allow for strategic studies of focused technology areas that are
necessary for the achievement of Planetary Science Theme missions.

The Radioisotope Power Systems (RPS) Project develops and matures component technologies and
actively manages the integration of component technologies to flight systems that support multi-
mission flight applications. The breadth of the previous project has resulted in the initiation of a
project structure to manage this integration. The RPS Project manages both the technology
investments and the systems developments and transitions acquisition of flight units to a mission-
specific user. The project also assumes responsibility for multi-mission RPS studies and cross-
cutting launch approval activities. The project integrates DOE and NASA requirements and assesses
long-range planning requirements for nuclear material acquisition.

Returning to Planetary Science in FY 2009 from the Heliophysics Deep Space Mission Systems
(DSMS) Program, the AMMOS Project provides multi-mission navigation, design, and training tools
to flight missions, and undertakes technology investments for improved communications and
navigation technologies.
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Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
NEXT thruster long duration testing achieves ISP New

grater than 450 kg of Xenon throughput.

2.65m high temp aeroshell with ablative TPS will
be fabricated.

Advanced Stirling Radioisotope Generator RPS Same
engineering model will demonstrate extended
operations (7,000 hours).

SP Same

Project formulation for a small RPS development | RPS New
will be completed
Provide standard interfaces in order to enable AMMOS Same

interoperability among missions.

Program Management

SMD provides overall oversight of the technology program. GRC is responsible for the ISP and RPS
projects. JPL is responsible for the AMMOS project.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
ISP GRC GRC, MSFC, JPL None
RPS GRC JPL, GRC Department of Energy
AMMOS JPL JPL None

Acquisition Strategy

Technology activities are solicited using the NASA Research Opportunities in Space and Earth
Sciences (ROSES) announcement, and selections are made using a competitive, peer-reviewed
process. Lockheed Martin and Sunpower are providing support for the RPS Project.
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Theme Overview

The science goals of NASA's Astrophysics Division are breathtaking: from investigating the very
moment of creation of the universe, to learning the full history of the formation of stars and galaxies.
NASA is discovering how planetary systems form, how environments hospitable for life develop, and
is searching for signatures of life on other worlds may result in the discovery that we are not alone.

The Astrophysics Theme is comprised of the following major science-based programs:

- Physics of the Cosmos Program: Reveal laws and forces of the universe at the most fundamental
level in ways that can only be done from space. Missions will probe back to the beginning of time by
measuring the cosmic microwave background radiation in novel ways and using gravity waves as an
entirely new window on the universe. The nature of dark matter that shepherds the growth of galaxies
and large-scale structure will be determined, the mysterious dark energy pervading the universe will
be uncovered and the limits of Einstein's theories will be tested.

- Cosmic Origins Program: Discover how the universe developed over cosmic time from the big bang
to its modern configuration of galaxies, stars and planets. The focus is to explore how the expanding
universe grew into a grand, cosmic web of galaxies; how within the galaxies stars and planets formed;
and how stars create the heavy elements such as carbon, oxygen, and iron, that are essential for life.

- Exoplanet Exploration Program: Determine whether we are alone in the universe, by detecting and
characterizing planets orbiting other stars in our galaxy. One of the most ambitious but captivating
goals of NASA is to identify Earth-like worlds orbiting nearby stars and to search for the signatures of
life.

The Astrophysics theme supports a robust research program, 10 operating missions, and 12 flight
projects in various stages of planning and execution. As these missions explore the extremes of
space, time, matter and energy, new scientific understanding is achieved and new technologies are
developed and tested, resulting in great benefit to society and the economic and strategic health of
our nation.

For more information, please see http://nasascience.nasa.gov/astrophysics
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Theme:

FY 2010 Budget Request

Science
Astrophysics

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 1.395.6 12812 1.120.9| 1.0741 1.042.7 11263 1.139.6
Astrophysics Research 102.2 135.0 151.9 160.0 165.0 177.2 188.0
Cosmic Origins 870.1 819.2 667.2 598.9 550.3 523.8 452.3
Physics of the Cosmos 148.9 128.3 147.7 188.5 213.9 2914 330.3
Exoplanet Exploration 156.7 68.1 46.2 57.3 86.9 1235 167.3
Astrophysics Explorer 117.7 130.7 107.9 69.5 26.6 10.4 1.7
FY 2009 President's Budget Request 13375 11625 1.1224| 10571 10677 1,116.0 =
Astrophysics Research 102.2 152.3 170.4 181.0 203.0 198.9 --
Cosmic Origins 807.3 674.4 571.1 515.4 485.6 458.5 --
Physics of the Cosmos 159.0 157.0 219.8 249.0 271.1 326.0 --
Exoplanet Exploration 162.6 48.1 67.7 68.4 96.4 126.2 --
Astrophysics Explorer 106.4 130.6 93.3 43.3 11.7 6.4 --
Total Change from FY 2009 Request 58.1 118.8 -1.5 17.1 -25.0 10.3 --

Note: Starting in FY 10, the Astro-H project is in the Astrophysics theme.
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Plans for FY 2010

Astrophysics Research

Senior Reviews for operating missions and archives were conducted in the spring of 2008; those results are
reflected in the 2010 budget. A comparative evaluation of all Astrophysics operating missions is conducted
every two years (next review scheduled for spring of 2010), and of the archives every four years. The science
output is evaluated by an independent expert panel, and decisions are made as to which missions will receive
funding for extended operation.

In R&A, peer-reviewed investigations are supported in the areas of past missions data analysis, and
theoretical studies or modeling of the astrophysical phenomena targeted by past, current, and future
missions. Laboratory studies of astrophysical phenomena, limited ground-based observing, and suborbital
missions will also continue in FY 2010.

The Balloons Project will continue to work toward advancing the capability of the new super-pressure balloon,
which will be used to carry large scientific experiments to the brink of space for 100 days or more.
Cosmic Origins

The James Webb Space Telescope was authorized to proceed into development in July, 2008, and the
baseline cost and schedule have been established. The next major milestone is Critical Design Review,
which is a review of the complete system design, and is scheduled to take place in March 2010.

Hubble Servicing Mission 4 and Servicing Mission Observatory Verification (SMOV) will be complete by the
end of FY 2009 and peer-reviewed science will begin using the new instruments.

The Stratospheric Observatory For Infrared Astronomy (SOFIA) first science flights, which are the first
competed science observations, will begin in FY 2010.

Physics of the Cosmos
Herschel and Planck in-orbit check-out will be complete and prime operations will begin. Fermi will remain in
its prime operations phase and Chandra will continue on in extended operations.

Exoplanet Exploration
Kepler has launched successfully, in-orbit checkout is underway and science operations will begin in summer
20009.

Astrophysics Explorer

The High-Resolution Soft X-Ray Spectrometer (SXS) instrument was selected in 2008 as a Mission of
Opportunity (MoO) and is scheduled to fly on the Japanese Astro-H mission in 2013. This instrument will be
in the formulation phase in FY 2010.

The Nuclear Spectroscopic Telescope Array (NUSTAR) mission will hold its confirmation review in preparation
to enter development phase in FY 2010.
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Relevance

Relevance to national priorities, relevant fields, and customer needs:

NASA enables research to understand the structure, content, and evolution of the universe. This
research provides information about humankind's origins and fundamental physics that govern the
behavior of matter, energy, space, and time. NASA leads the world in space-based research into the
most compelling questions of modern physics, such as the nature of dark matter and dark energy,
high-energy cosmic rays, tests of gravity and general relativity, and insight into cosmic inflation during
the very early universe. NASA works proactively with the National Science Foundation and
Department of Energy in exploring the interfaces between astronomy and physics, and in the search
for life in the universe.

NASA-supported researchers look far into the universe, towards the beginning of time, to see the first
stars and galaxies forming. They search for Earth-like planets around distant stars, determine if life
could exist elsewhere in the galaxy, and investigate the processes that formed our solar system.
These efforts are synergistic with Astrobiology, Solar System, Heliophysics and Earth science
research supported elsewhere at NASA and in other federal agencies.

Astrophysics funds approximately 2000 research, data analysis and technology grants to research
institutions and universities in most states. The proposed Astrophysics portfolio increases supporting
research and technology funding in each of the strategic programs. These technology lines will focus
on developing new capabilities from the prototype phase through the pre-flight phase, which will feed
into flight programs. Astrophysics technology efforts have a long history of contributing to the
defense sector (infrared detectors, interferometry, large optics), medical technology and life sciences
(X-ray optics and detectors for cancer treatment, large format optical sensors, analysis software),
homeland security (high energy detectors of fissile materials), and commercial applications (UV/X-ray
photolithography advances in microelectronics, space-based telescopic platforms for Earth imaging).

Relevance to the NASA Mission and Strategic Goals:

Astrophysics supports NASA's achievement of Strategic Plan Sub-Goal 3D: Discover the origin,
structure, evolution, and destiny of the universe, and search for Earth-like planets.

This effort is comprised of four focus areas, or Outcomes:

3D.1: Progress in understanding the origin and destiny of the universe, phenomena near black holes,
and the nature of gravity.

3D.2: Progress in understanding how the first stars and galaxies formed, and how they changed over
time into the objects recognized in the present universe.

3D.3: Progress in understanding how individual stars form and how those

processes ultimately affect the formation of planetary systems.

3D.4: Progress in creating a census of extra-solar planets and measuring their properties.

Astrophysics seeks to answer these questions that humankind has been pondering for centuries:
How did the universe begin? How will it end? What are the limits of matter and energy, of space and
time? How did the universe come to be, and what are the laws of nature that have permitted life to
arise in the universe? Throughout history, these questions have served as cornerstones of
mythology and philosophy: thought-provoking, but unanswerable. Now, with the aid of cutting-edge
science and technology, the answers are within reach.

See FY 2010 Performance Plan, under Management and Performance, for specific annual goals for
this Theme.
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Relevance to education and public benefits:

Stunning images produced from Astrophysics operating missions continue to inspire the public,
revealing the beauty of our universe and the science behind those images. NASA provides the tools
to translate the science for the classroom and other learning venues in ways that meet educator
needs.

Hubble images are featured on the Space Telescope Science Institute's "Amazing Space" Web site
which provides curriculum support tools to classrooms in every state in the union. Spitzer's "Cool
Cosmos" Web site offers explorations into the world of the infrared, and Chandra delivers authentic
data sets to educators to enhance lessons by allowing students to use the same data that
professional researchers use.

A consortium of Astrophysics missions have been featured in a traveling museum exhibit, "Alien
Earths", to inform and inspire the public on critical questions related to the search for life elsewhere in
our universe. The Astrophysics Exoplanet Exploration Program, in conjunction with the Astronomical
Society of the Pacific, has sponsored the creation of "Night Sky Network™" amateur astronomy clubs
around the nation. NASA also provides toolkits and professional development training to support
these groups of space enthusiasts as they help strengthen the public understanding of astronomy
and space science.
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Performance Achievement Highlights:

For the first time, astronomers using the Chandra Space Telescope have clearly seen the effects of
"dark energy" on the most massive collapsed objects in the universe. By tracking how dark energy has
stifled the growth of galaxy clusters and combining this with previous studies, scientists have obtained
the best clues yet about what dark energy is and what the destiny of the universe could be. These
results have consequences for predicting the ultimate fate of the universe. If dark energy is explained
by the cosmological constant, the expansion of the universe will continue to accelerate, and the Milky
Way and its neighbor galaxy, Andromeda, may never merge with the Virgo cluster. For more
information, please see: http://chandra.harvard.edu/index.html

Observations from the Hubble Space Telescope have provided new knowledge on the atmospheres of
extrasolar planets. Hubble has made the first detection of an organic molecule in the atmosphere of a
Jupiter-sized planet orbiting another star. This breakthrough is an important step in eventually
identifying signs of life on a planet outside our solar system. The molecule found by HST is methane,
which under the right circumstances can play a key role in prebiotic chemistry, the chemical reactions
considered necessary to form life as we know it. This discovery proves that HST and upcoming space
missions, such as NASA's James Webb Space Telescope (JWST), can detect organic molecules on
planets around other stars by using spectroscopy, which splits light into its components to reveal the
"fingerprints" of various chemicals. For more information on Hubble, please go to:
http://hubble.nasa.gov/. And for JWST, please see: http://www.jwst.nasa.gov/

Hubble has also taken the first visible-light snapshot of a planet circling another star. Estimated to be
no more than three times Jupiter's mass, the planet, called Fomalhaut b, orbits this bright southern
star, located 25 light-years away in the constellation Piscis Australis, or the "Southern Fish."

On March 19, 2008, NASA's Swift satellite shattered the record for the most distant object (~7.5 billion
light years away) that could be seen with the naked eye. The explosion was a gamma ray burst. Most
gamma ray bursts occur when massive stars run out of nuclear fuel. Their cores collapse to form black
holes or neutron stars, releasing an intense burst of high-energy gamma rays and ejecting particle jets
that rip through space at nearly the speed of light like turbocharged cosmic blowtorches. When the jets
plow into surrounding interstellar clouds, they heat the gas, often generating bright afterglows. Gamma
ray bursts are the most luminous explosions in the universe since the big bang. For more information,
please go to: http://swift.gsfc.nasa.gov/docs/swift/swiftsc.html

In June 2008, NASA launched the Fermi Gamma-Ray Space Telescope (formerly GLAST), which is
now in its prime operations stage (http://fermi.gsfc.nasa.gov/). The JWST mission successfully
entered the development phase and will launch in June 2014. The Kepler mission, designed to survey
our region of the Milky Way Galaxy to detect and characterize hundreds of Earth-size and smaller
planets in or nearby the habitable zone, completed all its environmental tests in 2008 and sucessfully
launched March 6, 2009. For more information on Kepler, please go to: http://kepler.nasa.gov/

SCI-158



Mission Directorate:

Science

Theme:

Independent Reviews:

Astrophysics

Review Type Performer Last Review Purpose/Outcome Next Review
Relevance Senior Review |04/2008 Comparative review of operating missions. 04/2010
Panel Missions are ranked in terms of science return.
In the most recent review, Swift and Chandra
missions ranked highest, while RXTE and GP-B
ranked lowest. Results and the report can be
found at http://nasascience.nasa.gov/about-
us/science-strategy/senior-
reviews/AstroSR08_Report.pdf
Relevance National 05/2001 The Decadal Survey process began in 2008 and |2010
Research is underway. The last Decadal, which was
Council published in 2001, prioritized science objectives

in Astrophysics.
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 102.2 135.0 151.9 160.0 165.0 177.2 188.0
Request
Astrophysics Research and 56.9 60.0 61.1 62.5 64.0 66.2 67.8
Analysis
Balloon Project 24.0 24.6 26.7 28.8 324 33.2 35.8
Other Missions and Data 21.3 50.4 64.1 68.6 68.5 77.9 84.4
Analysis
FY 2009 President's Budget 102.2 152.3 170.4 181.0 203.0 198.9 -
Request
Astrophysics Research and 50.3 61.4 65.4 69.3 72.6 77.5 --
Analysis
Balloon Project 22.8 24.6 26.7 28.8 32.4 33.2 --
Other Missions and Data 29.1 66.3 78.4 82.9 97.9 88.2 -
Analysis
Changes from FY 2009 Request 0.0 -17.3 -18.5 -21.1 -38.0 -21.6 -

Note: The Astrophysics R&A low-level technology development effort has moved into the program-specific Supporting Research
& Technology lines with no impact to R&A.

Program Overview

The Astrophysics Research Program translates missions into science advances by: collecting,
processing, and storing mission data; making mission data available to scientists; and funding grants
for basic research, and data analysis from past and current missions. All data collected by missions
are archived in data centers located at universities and NASA centers throughout the country and are
readily available to all researchers and the general public.

Suborbital efforts (balloons and sounding rockets) are significant contributors to meeting the following
goals: conducting cutting-edge basic research; developing tools of science; maintaining U.S.
leadership in science, engineering, and technology; and training the next generation of scientists and
engineers to better compete in the 21st century. For more information, please see:
http://nasascience.nasa.gov/researchers/sara/highlights.

For more information on the Astrophysics Data Centers please see:
http://nasascience.nasa.gov/astrophysics/astrophysics-data-centers
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Plans For FY 2010

The Astrophysics Research Program will continue to conduct and enable high-quality astrophysical
research consistent with NASA's goals and science programs. Peer-reviewed investigations are
supported in the areas of analysis of data obtained from past missions, theoretical studies or
modeling of the astrophysical phenomena targeted by past, current, and future missions, laboratory
studies of astrophysical phenomena, development of new detectors, limited ground-based observing,
and suborbital missions.

Among the science areas pursued by the suborbital missions are rocket flights to study x-ray,
ultraviolet, and infrared emission from both our galaxy and the early universe, and balloon flights to
study cosmic rays from our galaxy, the polarization of the microwave background, and gamma rays
from black holes in the nearby universe.

ADCAR covers the activities of the Astrophysics Data Centers and NASA's participation in the Virtual
Astronomical Observatory (VAO). The VAO is a collaborative project between NASA and NSF.

The next Astrophysics Senior Review of operating missions is scheduled to be held in spring 2010,
and the next archival Senior Review will be in 2012.

The Balloons project has approximately 18 flights planned for FY 2009, and a similar number is
expected in FY 2010. Engineering data gathered will enable both the maturing of the science
experiment technology for later flights and the development of next-generation super pressure
balloons capable of supporting long duration science research (up to 100 days) at any Earth latitude.

In addition to ongoing awards, the Education and Public Outreach Project will competitively select
approximately 40 new proposals for small awards averaging $15,000 a year and approximately 15
new proposals for mid-range awards averaging $130,000 a year. New Science Education and Public
Outreach Forums will begin operation in FY 2010. In addition to community engagement and
communication efforts, an analysis of the existing portfolio of NASA Earth and space science
education products will be conducted.
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Project Descriptions and Explanation of Changes

Astrophysics Research & Analysis (R&A)

All Research and Analysis grants selected for funding by the Astrophysics Theme are broadly
competed through NASA's Research Opportunities in Space and Earth Sciences (ROSES). Grant
proposals must relate directly to both Agency and Theme goals and objectives, and all proposals are
peer-reviewed by a mix of scientific disciplines and are selected based upon merit. Funded grants
include theoretical investigations of phenomena related to missions, analysis of data from past
missions, laboratory studies of astrophysical phenomena, development of new detectors and
supporting technologies, some ground-based studies, and suborbital missions. The latter include
both rocket flights to study x-ray, ultraviolet, and infrared emission from both our galaxy and the early
universe, as well as balloon flights to study cosmic rays from our galaxy, the polarization of the
microwave background, and gamma rays from black holes in the nearby universe

Balloons

Balloons have been used for decades to conduct scientific studies. While the basics of ballooning
have not changed, balloon size and capabilities have increased, and their dependability has
improved greatly. The Wallops Flight Facility manages the NASA Balloon Project. The project offers
inexpensive, high-altitude flight opportunities for scientists to conduct research and test new
technologies prior to spaceflight application. The science experiments being done by balloons cover
a wide range of disciplines such as astrophysics, solar and heliospheric physics, as well as Earth
upper-atmosphere chemistry.
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Other Missions and Data Analysis
Included in this line item are the following projects:

-Astrophysics Data Curation and Archival Research (ADCAR): The Astrophysics Theme has
established an archive structure beyond the scope of individual missions, to receive data and make it
accessible by creating an ensemble of primarily wavelength-specific astrophysics archives. After the
completion of a mission, all archive activities are taken over by the relevant active multi-mission
archive. ADCAR covers the activities of the Astrophysics Data Centers and NASA's participation in
the Virtual Astronomical Observatory (VAO). ADS maintains bibliographic databases and is one of
the data centers supported in the ADCAR activity. For more information see:
http://nasascience.nasa.gov/astrophysics/astrophysics-data-centers

-The Astrophysics Senior Review is conducted every two years and is a comparative evaluation of all
operating missions in their extended phase. Science output for these missions is evaluated, and a
ranking process determines which missions will continue to receive funding for extended operations.

-Keck Single Aperture is a data archive for the High Resolution Echelle Spectrometer (HIRES)
instrument. This instrument provides the radial velocity data used to find exoplanets.

-Directorate Support - Space Science: This project funds Agency-wide Fee for Services for the
Science Mission Directorate. These fees for services include Defense Contract Audit Service (DCAS)
contract administration, Defense Contract Audit Agency (DCAA) audit services and NASA Contract
Assurance Services (NCAS) for all of SMD's projects.

-Education and Public Outreach: Education and Public Outreach: This project is a major contributor
to the overall NASA education and outreach effort through development and dissemination of new
educational and outreach products that utilize SMD science discoveries and by providing
opportunities for students and educators, citizen scientists, and the public to engage in authentic
experiences working with our data and our research communities. Efforts are carried out through
competitively selected awards. There are small awards averaging $15,000 a year and larger award
averaging $130,000 per year. The project also supports four Science Education and Public
Outreach Forums to foster ongoing engagement of the target audiences through community
communication and feedback.

Program Commitments

Commitment/Output Program/Project Changes from
FY 2010 FY 2009 PB Request
Annual peer-reviewed solicitation for research Research Program No change
grant opportunities

Program Management

The Science Mission Directorate provides program management, with individual projects managed at
Goddard Space Flight Center and the Jet Propulsion Laboratory.
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Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Quality Archival 05/2008 Comparative review of archives efficiency and [05/2012
Senior Review cost effectiveness. The normal review cycle for
Panel activities at archive centers is 4 years, for more
information on the 2008 Senior Archival review
see:

http://nasascience.nasa.gov/astrophysics/astrop
hysics-data-centers/ApArchSR-2008_final.pdf

Quality Balloon 06/2008 Review the operations from a scientific 06/2009
working group standpoint. The outcome of 2008 BWG meeting
was that much had been accomplished to
increase the reliability of flight and termination
systems, Solution to chute shock problem, Rip
stitch decelerator, and dragging payloads. The
development of the mini-SIP will enable many
new small science investigations. There has
been a major step forward in solving the
deployment problem for the lobed design (super
pressure balloon).
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FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 870.1 819.2 667.2 598.9 550.3 523.8 452.3
Request
Hubble Space Telescope 244.9 207.7 112.6 101.6 94.6 91.1 93.2
(HST)
James Webb Space Telescope 510.3 446.9 441.4 385.1 354.6 335.6 259.8
(JWST)
Stratospheric Observatory for 63.8 72.8 72.8 74.0 75.8 77.6 79.1
Infrared Astronomy (SOFIA)
Other Missions And Data 51.2 91.7 40.4 38.3 25.3 19.4 20.2
Analysis
FY 2009 President's Budget 807.3 674.4 571.1 515.4 485.6 458.5 -
Request
Hubble Space Telescope 228.5 154.9 125.6 114.7 94.8 93.9 -
(HST)
James Webb Space Telescope 448.3 371.9 311.1 265.1 236.1 194.9 -
(JWST)
Stratospheric Observatory for 62.1 72.8 72.8 57.0 58.8 60.6 -
Infrared Astronomy (SOFIA)
Other Missions and Data 68.4 74.7 61.6 78.6 95.9 109.1 -
Analysis
Changes from FY 2009 Request 62.8 144.8 96.1 83.5 64.7 65.2 --

Note: Includes $75M of Recovery Act funding in FY09. Hubble Fellowship funding, as well as project management funds, have
been moved into program-level activities; there is no budgetary impact to Hubble operations.
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Program Overview

The science goal of Cosmic Origins is to understand the entire sweep of evolution of the universe,
from the cosmic big bang to the present. How did the rich structure we observe in the universe today,
its planets, stars and galaxies, originate from the tiny fluctuations in the density of matter and energy
imprinted by the big bang? What was the nature of the first stars and galaxies, which are so faint and
distant that they have never been observed? How did galaxies and the enormous black holes within
them form and evolve? How do stars and planets form? What are the conditions needed for life to
originate? Are we alone? To address these fundamental questions NASA has developed the world's
most sophisticated space observatories and is now building even more advanced facilities.

Cosmic Origins missions explore how the expanding universe grew into a grand, cosmic web of
galaxies; how stars and planets formed within the galaxies; how stars create the heavy elements,
such as carbon, that are essential for life. Major breakthroughs in our knowledge of the cosmos have
already been made with the current suite of missions. But Cosmic Origins science questions will
remain vital, even post-JWST. The submillimeter and far-infrared parts of the spectrum are just now
being examined by missions like Herschel and SOFIA. In the future, larger telescopes (with mirror
diameters of 10 meters or longer) will be required to resolve galaxies and stellar nurseries at these
wavelengths and in the ultraviolet. Future collaboration will also be critical for continued progress
answering the questions that form the intellectual impetus behind Cosmic Origins.

For more information, please see: http://nasascience.nasa.gov/about-us/smd-programs/cosmic-
origins

Plans For FY 2010

Hubble Space Telescope Servicing Mission 4 and the in-orbit checkout of instruments will be
complete, and peer-reviewed proposals will begin with the new instruments.

JWST was authorized to proceed into development in July, 2008 and the baseline cost and schedule
have been established. The next major milestone, Critical Design Review is scheduled to take place
in March 2010, which will result in a review of the complete system design.

SOFIA basic science flights will be the first openly competed science to the general astronomical
community; the science will be conducted on two instruments aboard SOFIA: FORCAST (U.S.
instrument) and GREAT (German instrument). First science is now scheduled to begin in FY 2010
while the project continues progress toward Limited Operations Capability in 2011.

Spitzer cryogen will run out in spring 2009; the spacecraft will be in its warm operations phase, using
remaining imaging capabilities that still exceed what is available from the ground, and will be
unmatched until the launch of JWST. Warm Spitzer will be a powerful and unique facility for projects
that require precise photometry, and for deep large-scale surveys at near/mid-infrared wavelengths.
The spacecratft is funded for two years of warm operations, per results of the 2008 operating missions
Senior Review. Spitzer will be reviewed again in the 2010 Senior Review to determine whether to
extend warm operations.
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Project Descriptions and Explanation of Changes

Hubble Space Telescope (HST)

Hubble Space Telescope launched in 1990 and is currently in an extended operations phase.
Servicing Mission 4 (SM4), scheduled for May, 2009, will add new batteries, gyros and instruments
to extend its life even further into the future. One of NASA's most successful and long-lasting
science missions, HST has beamed hundreds of thousands of images back to Earth, shedding light
on many of the great mysteries of astronomy. Its gaze has helped determine the age of the universe,
the identity of quasars, and the existence of dark energy.

James Webb Space Telescope

JWST is in development phase. The spacecraft will have a large mirror, 21.3 feet in diameter, and a
sunshield the size of a tennis court. Neither the mirror nor the sunshield fit into the rocket fully open,
so both will fold up and open only after JWST is in space. JWST will reside at the Sun-Earth L2 point,
which is about one million miles from the Earth. The telescope and instruments will operate at
cryogenic temperature in order to achieve infrared performance. JWST is currently in development
phase and launch is scheduled for 2014 on a European Space Agency-supplied Ariane-5 rocket for a
five-year science mission (10-year goal) to study the origin and evolution of galaxies, stars, and
planetary systems.

Stratospheric Observatory for Infrared Astronomy (SOFIA)

SOFIA is in development phase. Astronomical objects emit many forms of energy, which neither the
human eye nor ordinary telescopes can detect. Infrared is one form of this invisible energy. SOFIA is
a Boeing 747SP airborne observatory with a 2.5 meter reflecting telescope that will study the
universe in the infrared spectrum. Besides this contribution to science progress, SOFIA will be a
major factor in the development of new observational techniques, of new instrumentation and in the
education of young scientists and teachers in the discipline of infrared astronomy. The project will be
at Full Operational Capability (FOC) in 2014.

Other Missions and Data Analysis
Included in this line item are:

-The Spitzer Space Telescope, in extended operations, is an infrared cryogenic telescope equipped
with three instruments to study the characteristics of star-forming regions, centers of galaxies, and
newly forming planetary systems. Spitzer will complete its cryogenic mission by mid-2009, but
funding to operate a warm mission phase was approved as a result of the latest Astrophysics
Division operating missions Senior Review. Continued warm operations will be reviewed in the 2010
Senior Review.

-Cosmic Origins Supporting Research & Technology, which supports Hubble fellowships and
program-specific research and early technology development efforts.

-Cosmic Origins Future Missions which supports future mission studies based on the
recommendations of the upcoming Astrophysics decadal review.

-Cosmic Origins Program Management which provides programmatic, technical, and business

management, as well as program science leadership and coordination for education and public
outreach products and services.

SCI-169



Science
Astrophysics
Cosmic Origins

Mission Directorate:

Theme:
Program:

Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9[10] 111213141516 17] 1819 2021 ] 22 | Beg | End |
HST Tech
Apr-90 Dec-13
Dec-13 Dec-16
JWST | | | | | | Apr-96 Apr-99
Apr-99 Jul-08
Jul-08 Jun-14
| | | | | | Jun-14 Oct-24
Oct-24 Oct-25
SOFIA
HRRRREN
Dec-96 Dec-14
| | | | | | | | Dec-14 Dec-34
Spitzer: Cryogen
mission complete in
operations for two
years per Senior
Review results.
Tech & Adv Concepts (Tech)
I Formulation (Form)
Development (Dev)
Operations (Ops)
Research (Res)
Represents a period of no activity for the Project
Program Management
Cosmic Origins project management responsibility is as follows:
Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
HST GSFC GSFC None
JWST GSFC None European Space Agency (ESA) and
Canadian Space Agency (CSA)
SOFIA DFRC DFRC & ARC German Space Agency (DLR)
Spitzer JPL JPL None
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Acquisition Strategy

HST: All major acquisitions are in place for operations and servicing. Space Telescope Science
Institute, Baltimore, MD and Ball Aerospace and Technologies Corp., Boulder, CO are providing
support for SM4. For HST Operations, the Space Telescope Science Institute coordinates with the
Hubble European Space Agency Information Center.

JWST: JWST is being built by Northrop Grumman Aerospace Systems (Redondo Beach, CA),
teamed with Ball (Boulder, CO), ITT (Rochester, NY) and Alliant Techsystems (Edina, MN).
Selections were made via a competitive NASA Request For Proposal.

SOFIA: L3 Communications (Waco, Texas), and MPC Products Corporation (Skokie,IL) are
supporting the completion of the development, integration and test of the airborne platform system.
L3 modified the SOFIA 747SP aircraft to install the telescope provided by Germany (DLR/DSI). MPC
is developing the telescope cavity door drive system. CSC DynCorp (El Segundo, CA) is providing
aircraft maintainence support. University Space Research Association (Columbia, MD) will manage
the science planning, ground science facilities, science instrument and technology development, and
education and public outreach for SOFIA.
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 1,575.0 510.3 446.9| 441.4| 3851 354.6 335.6 259.8 634.9 4,943.6
Budget Request

Formulation 1,575.0 2251 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,800.1
Development / 0.0 285.2 4469 441.4| 3851 3546 3356 259.8 52.5 2,561.1
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 5824 582.4
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 1,575.0 448.3 371.9| 311.1| 265.1 236.1 194.9 - 0.0 3.402.5
Budget Request

Formulation 1,575.0 225.1 0.0 0.0 0.0 0.0 0.0 - 0.0 1,800.1
Development / 0.0 2232 371.9| 311.1| 2651 236.1 194.9 - 0.0 1,602.3
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 0.0 --
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.1
Changes from FY 2009 0.0 1.9 5.0 130.3| 120.0 1185 140.7 - 634.9 15411
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Development / 0.0 62.0 75.0|] 130.3| 120.0 1185 140.7 = 52.5 958.8
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 -- 5824 582.4
Other 0.0 -0.1 0.0 0.0 0.0 0.0 0.0 - 0.0 -0.1

Note: The FY 2010 LCC number in the table above is understated by $20M due to the difference in the FY 2009 enacted bill and
the April 2009 initial operating plan. The FY 2010 JWST baseline LCC is $4,964M, and the Development estimate is $2,581.1M.
The FY 2009 Budget Request Prior and BTC figures did not reflect an approved baseline.

Explanation of Project Changes

JWST entered development in late 2008 and the budget and schedule are at a 70% confidence level
as a result of the confirmation review process. The newly baselined life-cycle cost is based on a
June, 2014 launch readiness date, including costs from formulation through the end of operations.
The life-cycle cost incorporates actual costs to date, including long lead items that have already been
produced or are currently being manufactured, as well as cost estimates for the remaining work. The
cost includes five years of operations (with consumables sufficient for 10 years of operations), data
analysis, archiving, and project close-out.
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Project Purpose

The James Webb Space Telescope (JWST) was identified by the National Research Council as a top
priority new initiative for astronomy and physics for the decade. JWST is a large, deployable, space-
based infrared astronomical observatory, scheduled for launch in 2014. The mission is a logical
successor to the Hubble Space Telescope (HST), extending beyond Hubble's discoveries by looking
into the infrared spectrum, where the highly red-shifted early universe must be observed, where cool
objects like protostars and protoplanetary disks emit strongly, and where dust obscures shorter
wavelengths.

Hubble has told us much about distant objects, but its infrared coverage is limited. Light from distant
galaxies is redshifted, by the expansion of the universe, into the infrared part of the spectrum (from the
visible). By examining light redshifted beyond Hubble's sight, JWST will be able to observe things
farther away, as their light has taken longer to reach us. Hence it will be looking back further in time.

JWST will explore the mysterious epoch when the first luminous objects in the universe came into
being after the big bang. The focus of scientific study will include first light of the universe, assembly of
galaxies, origins of stars and planetary systems, and origins of the elements necessary for life.

The telescope is scheduled to launch in 2014 from Kourou, French Guiana, on an ESA-supplied
Ariane 5 rocket. Its operational location is the L2 Lagrange point, which is about one million miles from
the Earth.

For more information, please see: http://www.jwst.nasa.gov/
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Project Parameters

JWST will be optimized for infrared astronomy, with some capability in the visible range. JWST's
instruments are: Near Infrared Camera (NIRCam); Mid Infrared Instrument (MIRI); Near Infrared
Spectrograph (NIRSpec); and the Fine Guidance Sensor (FGS).

NIRCam is an imager with a large field of view and high angular resolution. It covers a wavelength
range of 0.6 - 5 micrometers and has 10 mercury-cadmium-telluride (HgCdTe) detector arrays. These
are analogous to CCDs found in ordinary digital cameras. NIRCam is a science instrument but also a
wavefront sensor, which is used to align and focus the optical telescope.

NIRSpec enables scientists to obtain simultaneous spectra of more than 100 objects in a 9-square-
arcminute field of view. It provides medium-resolution spectroscopy over a wavelength range from 0.6
- 5 micrometers. NIRSpec employs a micro-electromechanical system "microshutter array" for
aperture control, and it has two HgCdTe detector arrays.

MIRI is an imager/spectrograph that covers the wavelength range of 5 - 28 micrometers and it has
three Arsenic-doped Silicon detector arrays. The camera module provides wide-field broadband
imagery, and the spectrograph module provides medium-resolution spectroscopy over a smaller field
of view compared to the imager. The nominal operating temperature for the MIRI is 7 degrees above
absolute zero, which is possible through an on-board cooling system.

The FGS is a guider camera that is incorporated into the instrument payload in order to meet the
image motion requirements of JWST. This sensor is used for both "guide star" acquisition and fine
pointing. The sensor operates over a wavelength range of 1 - 5 micrometers and has two HgCdTe
detector arrays. Its field of view provides a 95% probability of acquiring a guide star for any valid
pointing direction.

The FGS Tunable Filter Camera is a wide-field, narrow-band camera that provides imagery over a
wavelength range of 1.6 - 4.9 micrometers, via tunable Fabry-Perot etalons that are configured to
illuminate the detector array with a single order of interference at a user-selected wavelength. The
camera has a single HgCdTe detector array.

JWST will continue modifications to the thermal vacuum Chamber A at the Johnson Space Center to
achieve the required temperature and contamination control test conditions for hardware prior to flight.
The first phase of this project is underway and is funded with a total of $20.4M of FY 2008 and FY
2009 funds. The total cost of the modification remains at $60.6M, $28.0M of which is FY 2010
funding.

The JWST Ground Operations, Science Support Center and archives will be at the Space Telescope
Science Institute in Baltimore, MD.
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Project Commitments

James Webb Space Telescope

JWST is scheduled to launch in 2014 and, after six months of on-orbit checkout and commissioning,

complete five years of mission operations (with a goal of 10 years of operations.)

The four main science goals are:
- Search for the first galaxies or luminous objects formed after the big bang.
- Determine how galaxies evolved from their formation until now.
- Observe the formation of stars from the first stages to the formation of planetary systems.

- Measure the physical and chemical properties of planetary systems and investigate the potential for
life in those systems.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Includes Optical Telescope
Northrop Grumman Element (OTE), Spacecratft,
Aerospace Systems, Sunshield, Obsgrvgtow
Observatory AI&T and commissioning. | N/A Same
Redondo Beach,
- The Observatory shall be
California i
designed for at least a 5-
year lifetime.
Contains the Science
Instruments (SlIs) and Fine
; Guidance Sensor (FGS).
Integrated Science )
Instrument Module :;IIA ShAé; oddard Space Provides structural, N/A Same
(ISIM) ight Center thermal, power, command
and data handling
resources to the Slis and
FGS.
Optimized for finding first
Near-Infrared Camera | University of Arizona,; light sources, and operating | \/a Same
(NIRCam) instrument | Lockheed Martin over the wavelength range
0.6-5 microns.
Operating over the
Near-Infrared
Spectrometer European Space Agency |wavelength range 0.6-5 N/A Same
(NIRSpec) (ESA) microns with three
observing modes.
_ . Operating over the
Mid-Infrared ESA; University of wavelength range 5-27
Instrument (MIRI) Arizona; Jet Propulsion | microns, providing imaging, [ N/A Same
Laboratory coronagraphy, and
spectroscopy.
Provides scientific target
. . Canadian Space Agency | pointing information to the
F . N/A
ine Guidance Sensor (CSA) observatory's attitude / Same
control sub-system.
Launch Vehicle (Eéjsr%ean Space Agency Ariane V ECA N/A Same
Science Operations i :
Center and Mission Space Telescope Mission Operations and N/A Same

Operations

Science Institute (STScl)

Science Operations Center
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Schedule Commitments

JWST was approved to enter implementation in July, 2008.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
Non-Advocate Review/Preliminary Design Review March, 2008 N/A Same
Start phase C/Implementation July, 2008 N/A Same
Critical Design Review March, 2010 N/A Same
Systems Integration Review (SIR) May, 2012 N/A Same
Launch Readiness Date June, 2014 N/A Same
Start Phase E December, 2014 N/A Same
Development Cost and Schedule Summary
JWST
Base Year Current Current
Base Develop- Current Der/‘:‘;p Cost Base Year Year Milestone
Project ment Cost _. | Change | Key Milestone | Milestone . Change
Year Estimate Year ment Cost (%) Date Mllgstone (months)
($M) Estimate ate
(M)
James Webb 2009 2,581.1| 2009 2,581.1 0| Launch 6/15/2014 | 6/15/2014 0
Space Telescope
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)

Total: 2,581.1 2,581.1 0.0
Payload 178.4 178.4 0.0
Spacecraft 875.4 875.4 0.0
Systems I&T 67.3 67.3 0.0
Ground Systems 206.8 206.8 0.0
Science/technology 10.5 10.5 0.0
Other (launch services, project management, etc.) 1,242.7 1,242.7 0.0
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Project Management

Goddard Space Flight Center is responsible for James Webb Space Telescope project management.

Project Element Prog{eecstpl\gﬁr;iatﬁﬁgent NASA Center Performers Cost-Sharing Partners
Observatory GSFC GSFC None
Mission management and GSFC GSFC None
System Engineering
Integrated Science
Instrument Module (ISIM) GSFC GSFC None
NIRCam GSFC GSFC None
NIRSpec ESA None ESA
MIRI GSFC JPL, ARC ESA
Fine Guidance Sensor -

Tunable Fitter (FGs-TF) | “5* None csA
Ariane 5 ESA launch

vehicle and launch ESA None ESA
operations

Ground control systems

and science operations and [ GSFC None None
control center

Acquisition Strategy

JWST is being built by Northrop Grumman Aerospace Systems (Redondo Beach, CA), teamed with
Ball (Boulder, CO), ITT (Rochester, NY) and Alliant Techsystems (Edina, MN). Selections were made
via NASA Request For Proposal.

The Space Telescope Science Institute (STScl), in Baltimore, MD, is developing the Science and
Operations Center and associated services.

The Integrated Science Instrument Module (ISIM) is being provided by GSFC.

The University of Arizona, Tucson, is providing the near-infrared science camera (NIRCam), along
with Lockheed Martin's Advanced Technology Center in Palo Alto, California. The selection was
made via a NASA Announcement of Opportunity.

The European Space Agency is providing the Mid-Infrared Instrument, (MIRI) with management and
technical participation by ARC and JPL, which was selected for this role after an internal NASA
competition. The Europeans are also providing the Near-Infrared Spectrometer (NIRSpec) and an
Ariane 5 launch vehicle.

The Canadian Space Agency is providing the Fine Guidance Sensor.
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Review Type Performer Last Review Purpose/Outcome Next Review
Performance SRB N/A Critical Design Review 03/2010
Performance SRB N/A Systems _Integration Review/Auf[hority to 05/2012

Proceed into Assembly Integration and Testing
Performance SRB N/A Test Regdiness Review/_Authority to Proceed 03/2013
with Environmental Testing
Performance SRB N/A girtee-ship Review/Authority to Ship to Launch 10/2013
Performance SRB N/A Flight Readiness Review/Authority to Launch 06/2014
Project Risk Management
Title Risk Statement Risk Management Approach and Plan
JWST Manufacturing, 1&T JWST has a long, JWST Standing Review Board regularly reviews the optical
complicated cryogenic telescope element (OTE) testing and observatory-level

integration and test which has [ integration and test planning.
never been performed at this
scale.

JWST Advanced Technology
Development Risk

JWST requires advances in | Successful Technology Non-Advocate Review (T-NAR) held
several technologies, which in January 2007; risk retired.

could present cost and
schedule problems.

JWST Partnership Risk

Because JWST is an NASA has written clearly-defined interfaces and is actively
international collaboration, managing and complying with export controls (ITAR).
NASA may incur schedule
and cost impacts caused by
challenges in Europe and
Canada that are outside of
NASA's control. Experience
with similar collaborations
indicates that this is likely to
occur.
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FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 596.2 63.8 72.8 72.8 74.0 75.8 77.6 79.1 1.843.4 2,955.5
Budget Request

Formulation 35.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 35.0
Development / 561.2 63.8 72.8 72.8 74.0 75.8 77.6 79.1 0.0 1,077.1
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 1,8434 1,843.4
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's 595.6 2.1 72.8 72. 7.0 8.8 0.6 - 15994 2,579.0
Budget Request

Formulation 35.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 35.0
Development / 560.6 62.1 72.8 72.8 57.0 58.8 60.6 -- 0.0 944.7
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 1,599.4 1,599.4
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -0.1
Changes from FY 2009 0.6 1.8 0.0 0.0 17. 17. 17. - 2441 376.5
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Development / 0.6 1.7 0.0 0.0 17.0 17.0 17.0 - 0.0 132.4
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 2440 244.0
Other 0.0 0.1 0.0 0.0 0.0 0.0 0.0 - 0.1 0.1

Explanation of Project Changes

The FY09 Budget runout for FY 2011 and beyond assumed that an international partner would be
identified to pay some of SOFIA's operational costs. NASA is no longer expecting to rely on an
additional partner and has restored funds to SOFIA's operations budget. Also, because attainment of
Full Operational Capability is scheduled for December 2014, the Development budget is projected to
continue through FY 2014, with Operations starting in FY 2015.
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Project In Development:  Stratospheric Observatory for Infrared Astronomy (SOFIA)

Project Purpose

Mission objectives for SOFIA include studying many different kinds of astronomical objects and
phenomena, but some of the most significant are: star birth and death; formation of new solar
systems; identification of complex molecules in space; planets, comets and asteroids in our solar
system; nebulae and dust in galaxies (ecosystems of galaxies); and black holes at the center of
galaxies. SOFIA's breadth of coverage serves many scientific quests. It will be NASA's only far-
infrared mission when Spitzer runs out of helium, and it is the only mid-infrared mission until JWST.
SOFIA's reconfigurability and flexibility ensures cutting edge technology as well as the ability to
address new scientific questions. At full operational capability, SOFIA will have eight instruments (6
U.S. instruments; 2 German instruments). The U.S. instruments include: High-speed Imaging
Photometer for Occultation (HIPO), First Light Infrared Test Experiment CAMera (FLITECAM), Faint
Object InfrRed CAmera for the SOFIA Telescope (FORCAST), CAltech Submillimeter Interstellar
Medium Investigations Receiver (CASIMIR), Echelon-Cross -Echelle Spectrograph (EXES), and High-
resolution Airborne Wideband Camera (HAWC). The two German instruments are German Receiver
for Astronomy at Terahetz Frequencies (GREAT), and Field Imaging Far-Infrared Line Spectrometer
(FIFI LS).

For more information, please see: http://www.nasa.gov/mission_pages/SOFIA/index.html

Project Parameters

The Stratospheric Observatory for Infrared Astronomy (SOFIA) was designed as a highly-modified
747SP aircraft with a large open-port cavity aft of the wings, housing a 2.5 meter telescope optimized
for infrared/sub-millimeter wavelength astronomy. SOFIA will operate in flight at 41,000 feet using six
U.S. instruments and two German instruments. SOFIA will ramp up to 960 science hours per year.
Early science instruments will include: High-speed Imaging Photometer for Occultations (HIPO); First
Light Infrared Test Experiment Camera (FLITECAM); and German Receiver for Astronomy at
Terahertz frequencies (GREAT). These will be followed by six other instruments in the later phases:
flights will last six to eight hours on average.
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Project Commitments

Stratospheric Observatory for Infrared Astronomy (SOFIA)

SOFIA will initiate science observations in 2010, and will begin 20 years at full operational capability
as an airborne observatory in 2014.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Platform DFRC/L3/MPC/DLR 747SP modified to carry an | g0 Same
18 ton, 2.5 meter telescope
Science Center will
Science Center ARC/USRA schedule observatl_or_1_s, and Same Same
manage data acquisition
and processing
6 U.S. instruments ranging
Science Instruments USRA/Universities from Infrared to Same Same
submillimeter
Flight Operations DFRC/CSC DyneCorp Zgg%gew’ maintenance, Same Same
High-speed Simultaneous high-speed
Photometer for Lowell Observatory time-resolved imaging Same Same
Occultations photometry at two optical
wavelengths
Large field-of-view, narrow-
First Light Infrared aﬂd broad-band d
Test Experiment UCLA p otometrlg Imaging an Same Same
Camera low-resolution
spectroscopy from 1 to 5.5
pum
Large field-of-view, narrow-
and broad-band
A Wide-field Infrared . . photometric imaging and
Camera for SOFIA Cornell University moderate-resolution Same Same
spectroscopy from 4 to 42
um
Caltech Submillimeter Modular, dual-channel
Interstellar Medium heterodyne instrument for
| o Caltech high-resolution Same Same
nvestigations
Receiver spectroscopy between 150
and 600 pm
High-resolution : : : Broad-band, far-infrared
. . University of Chicago .
Airborne Wide-band versiy 'cag camera with four bands Same Same

Camera

Yerkes Observatory

between
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Stratospheric Observatory for Infrared Astronomy (SOFIA)

Mission Directorate:
Theme:

Program:
Project In Development:

Schedule Commitments

The development and test plan has been modified to enable earlier science observations by the
science community to be concurrent with the late phases of aircraft flight testing. The current plan
provides for initial science observations with a subset of science instruments in 2010, followed by
completion of the remaining science instruments and refinement of telescope performance, at which
point Full Operational Capability (in December 2014) is reached.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
First Flight 2000 2007 2007
First Science (Early Science) N/A 2009 2010
Full Operational Capability (FOC) N/A 2014 2014
Development Cost and Schedule Summary
Base Year C:J(Lraernt Current
Develop- Cost Base Year Milestone
Project 32‘: ment Cost C$rer:rnt Develop- | change | Key Milestone | Milestone Mil\e(zz?c:ne Change
Estimate ment Cost (%) Date (months)
Estimate Date
($Mm) (M)
Stratospheric
Observatory for
Infrared 2007 919.5( 2009 1,077.1 17| FOC 12/30/2013 |12/30/2014 12
Astronomy
(SOFIA)
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 919.5 1,077.1 157.6
Aircraft/Spacecraft 657.7 710.2 52.5
Other Costs 62.2 1515 89.3
Science/Technology 199.6 215.4 15.8
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Program: Cosmic Origins
Project In Development:  Stratospheric Observatory for Infrared Astronomy (SOFIA)

Project Management

The overall Stratospheric Observatory for Infrared Astronomy (SOFIA) project, and the SOFIA
airborne system is managed by Dryden Flight Research Center. The SOFIA science is managed by
Ames Research Center.

Project Element Project Mangg_e_ment NASA Center Performers Cost-Sharing Partners
Responsibility
Platform DFRC DFRC Germany - DLR/DSI
Science ARC None Germany - DLR/DSI
Mission Opgrations and ARC None Germany - DLR/DSI
Data Analysis
Instruments (9) ARC None Germany - DLR/DSI

Acquisition Strategy

Dryden Flight Research Center (DFRC) handles the platform project (airframe and telescope). DFRC
is working with L-3 Communications (Waco,Texas), and MPC Products Corporation (Skokie,IL) to
support the completion of the development, integration and test of the airborne platform system. L-3
modified the SOFIA 747SP aircraft to install the telescope provided by Germany (DLR/DSI). MPC is
developing the telescope cavity door drive system. DFRC is also working with CSC DynCorp (El
Segundo, CA) which is providing aircraft maintainence support.

Ames Research Center (ARC) handles the science management. ARC is working with University
Space Research Association (Columbia, MD) to manage the science planning, ground science
facilities, science instrument and technology development, and education and public outreach for
SOFIA.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
SMOR - Assess the science operations. Main finding
Performance Independent  |7/2008 was to make SOFIA science data available to ~ |N/A
Team general community
Performance Sta'?ding N/A Early science project review 12/2009
Review Board

Project Risk Management

Title Risk Statement Risk Management Approach and Plan
Late delivery of Cavity Door | Late delivery of software that | NASA has stationed a NASA representative at the vendor's
Drive System operates the telescope facility to support and oversee the vendor until delivery of the
observation doors on the software. NASA has reviewed and revised the schedule for
aircraft will impact the testing of the software for schedule efficiency.

schedule to initiate open door
flight testing and science
observations.
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Mission Directorate: Science

Theme: Astrophysics
Program: Physics of the Cosmos

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 148.9 128.3 147.7 188.5 2139 291.4 330.3
Request
Other Missions and Data 148.9 128.3 147.7 188.5 213.9 291.4 330.3
Analysis
FY 2009 President's Budget 159.0 157.0 219.8 249.0 271.1 326.0 -
Request
Other Missions and Data 159.0 157.0 219.8 249.0 271.1 326.0 -
Analysis
Changes from FY 2009 Request -10.1 -28.8 -72.1 -60.5 -57.1 -34.6 -

Program Overview

The Physics of the Cosmos (PCOS) Program focuses on some of the most profound questions in
contemporary science: How did the universe begin? What is the universe composed of, and what is
its ultimate fate? What are the fundamental laws that govern the workings of space, time, matter and
energy?

These fundamental questions can be approached by asking more specific questions: What happens
to matter, energy, and time at the edge of a black hole, where Einstein's theory of gravity is put to its
harshest test? What is the nature of dark matter and dark energy which pervade the universe?

It is possible that the answers to these questions will usher in a revolutionary new paradigm of
physics. It is the goal of the PCOS Program to observe and study those phenomena in the cosmos,
from observing the most energetic regions in the universe, those near the surfaces of super massive
black holes, to peering back to the very beginning of time using the completely unexplored spectrum
of gravitational radiation. The Fermi mission, for example, will search for signs of new laws of physics
and what composes the mysterious dark matter. It will attempt to explain how black holes accelerate
immense jets of material to nearly light speed. The XMM-Newton mission has helped scientists solve
a number of cosmic mysteries, ranging from enigmatic black holes to the origins of the universe itself.
Chandra will reveal new details about phenomena in our universe as scientists can now see rings and
jets in the regions around a pulsar, like the one in the Crab Nebula supernova remnant.

For more information see:
http://nasascience.nasa.gov/about-us/smd-programs/physics-of-the-cosmos
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Program: Physics of the Cosmos

Plans For FY 2010

Herschel and Planck are scheduled to launch in May 2009 and will be in full science operations by FY
2010.

The Fermi Gamma Ray Space Telescope will continue in its prime operations phase. LISA, IXO and
JDEM will continue low level technology development while awaiting final results of the Astrophysics
decadal survey.
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Theme: Astrophysics
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Project Descriptions and Explanation of Changes

Other Missions and Data Analysis

-The Herschel Space Observatory is a collaborative mission with the European Space Agency and is
scheduled for a May 2009 launch. It has the largest single mirror ever built for a space telescope
and it will collect long-wavelength radiation from some of the coldest and most distant objects in the
universe. NASA has contributed to instruments onboard Herschel and will also host U.S. astronomer
access to data through the NASA Herschel Science Center.

-Planck is also an ESA-led mission, with substantial NASA contributions, scheduled for launch in
May, 2009. It will reveal the geometry and contents of the universe, how the universe grew
immediately after its birth, and how the stage was set for the universe to evolve into structures that
are seen today, such as galaxies. It will provide an order of magnitude increased precision in its
measurement of the Cosmic Microwave Background (CMB).

-Fermi Gamma-ray Space Telescope is a joint NASA/DOE mission formerly called GLAST. Fermi
launched June, 2008 and is currently in operational phase. It is designed to detect the highest energy
gamma-rays ever measured in a space-based mission and will provide a full-sky map filled with
thousands of gamma-ray sources, increasing the current tally by orders of magnitude.

-Chandra, a flagship X-ray observatory currently in extended operations, has allowed scientists to
image complex systems in exquisite detail, and to determine the positions of thousands of distant X-
ray sources. Chandra has also provided unigue information on diverse subjects ranging from the
presence and amount of dark matter in the universe to phenomena occurring near the horizons of
black holes. Chandra ranked second in the FY 2008 Astrophysics Senior Review.

-The Laser Interferometer Space Antenna (LISA) is currently doing low level technology development
through 2010 when the results of the Astrophysics decadal survey will be known. LISA, a joint
mission with the European Space Agency, will provide a first view of the gravitational radiation
spectrum from space, enabling scientists to "see" in new ways how the universe evolved, and
allowing powerful new tests of fundamental laws.

-The International X-ray Observatory (IXO), formerly Constellation-X, is currently in pre-formulation
doing low level technology development through 2010 when the results of the Astrophysics decadal
survey will be known. It is a joint X-ray observatory with participation from NASA, the European
Space Agency (ESA) and the Japanese Aerospace Exploration Agency (JAXA). Science objectives
are the study of black holes and matter under extreme conditions, and the life cycles of matter and
energy in the universe.

-The Joint Dark Energy Mission (JDEM), currently in pre-Phase A, is a space-based observatory that

will make precision cosmological observations to measure the effects of dark energy on the recent
expansion history of the universe and on the growth of structure in the universe.
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates

Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |

Fermi Tech Jun-98 Dec-99
Dec-99 Dec-03
Dec-03 Jun-08
Jun-08 Aug-18
Sep-18 Feb-20

Herschel

| | Sep-97 Sep-01
Oct-01 May-09
May-09 May-14
May-14 May-15

Planck

| | Sep-97 Sep-01
Oct-01 May-09
May-09 Mar-11
Mar-11 Mar-12

Chandra

Jun-99 Sep-14

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

Goddard Space Flight Center has Program management responsibility. Project management is as
follows:

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
Fermi GSFC GSFC Japan, ltaly, France, Sweden, and
Germany

Herschel (Instrumentation) JPL JPL ESA

Planck (Instrumentation) JPL JPL ESA

JDEM GSFC TBD TBD

LISA GSFC GSFC/JPL ESA

IXO GSFC GSFC JAXA and ESA

Chandra MSFC None None

Acquisition Strategy

The acquisition strategies for JDEM, 1XO, and LISA are under development. NASA will seek to
maximize the amount of competition to ensure that the best concepts and science are supported.

U.S. elements for the Herschel and Planck missions have been delivered to ESA.

SCI-188



Mission Directorate: Science

Theme: Astrophysics
Program: Exoplanet Exploration

FY 2010 Budget Request

FY 2008 FY 2009

Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 156.7 68.1 46.2 57.3 86.9 123.5 167.3
Request

Other Missions and Data 156.7 68.1 46.2 57.3 86.9 1235 167.3

Analysis
FY 2009 President's Budget 162.6 48.1 67.7 68.4 96.4 126.2
Request

Other Missions and Data 162.6 48.1 67.7 68.4 96.4 126.2

Analysis
Changes from FY 2009 Request -5.9 20.0 -21.5 -11.1 -9.5 -2.7

Program Overview

Today we stand on the threshold of a voyage of unprecedented scope and ambition, promising
insight into one of humankind's most timeless questions: Are we alone? One of the most exciting new
fields of research within the NASA Astrophysics portfolio is the search for planets, particularly Earth-
like planets, around other stars. During the last 15 years, astronomers have discovered over 300
planets orbiting nearby stars. Most of these planets were found using ground-based telescopes, and
most of them are gas or ice giants, similar to the four outer planets in our own Solar System. The
majority of these planets orbit much closer to their parent stars than do the giant planets in our
system, some as close as 0.04 AU (1 AU = 1 astronomical unit = mean Earth-Sun distance, 93 million
miles). Mercury, by comparison, orbits the Sun at a distance of about 0.4 AU (about 37 million miles).

Most of the known extrasolar planets have been discovered by the radial velocity, or the Doppler
method, in which one measures the tiny back-and-forth motion of a star as a planet orbits around it.
The Doppler method tends to favor the detection of massive planets since the greater the mass of the
planet, the greater the "wobble" it induces in the parent star. Approximately thirty planets have been
found using a second technique, the transit method, in which one measures the slight dimming of a
star's light that occurs as a planet passes in front of it. The transit method only works on systems in
which the planet's orbital plane is nearly parallel to one's line of sight. The Kepler mission is
specifically designed to survey our region of the Milky Way galaxy to discover hundreds of Earth-size
and smaller planets using the transit method to determine how many of the billions of stars in our
galaxy have such planets.

In the future, through the use of astrometry, precision interferometry and eventually direct detection,
NASA plans to embark on a series of missions designed to detect and characterize Earth-sized
planets that are orbiting in the "habitable zone" of nearby stars (the range of distances at which liquid
water could be stable at the planet's surface). The Agency's long-term vision for exoplanet exploration
includes missions optimized not only to detect extrasolar planets, but also to measure their
characteristics.

For more information, please see: http://exep.jpl.nasa.gov/
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Plans For FY 2010

The Exoplanet Exploration Program (EXEP) will assess different techniques and mission concepts for
detecting and characterizing extrasolar planets, including space-based astrometric, coronagraphic,
and statistical concepts.

The Space Interferometry Mission (SIM) continues technology development pending results of the
2010 decadal survey.

Keck Interferometer development is complete and the interferometer is operational. Operations have
been turned over to the California Association for Research in Astronomy (CARA). By early FY 2010,
the interferometer Key Science program characterization of dust levels around nearby sun-like stars
will be completed, helping to assess the level of impact on future exoplanet characterization missions.
Kepler launched on March 6, 2009, and by 2010 the mission will be in full operations phase.

Project Descriptions and Explanation of Changes

Other Missions and Data Analysis
This line item contains the following projects:

-Kepler launched in March 2009 and is finishing in-orbit checkout; the operations phase will begin in
summer 2009. It is specifically designed to survey the distant stars in our region of the Milky Way
galaxy to detect and characterize hundreds of Earth-size and smaller planets in or near the
"habitable zone." The habitable zone encompasses the distances from a star where liquid water can
exist on a planet's surface.

-Keck Operations is the NASA portion of the Keck Observatory partnership. NASA uses its share of
observing time for support of Exoplanet and other astrophysics related science. Observation time is
competed time, organized through the Exoplanet Exploration SR&T project.

-SIM is a mission under study in support of NASA's goal of searching for habitable planets. The

project is currently doing risk reduction engineering, and is studying alternate designs over a range of
cost and performance levels in support of the next Astrophysics decadal survey.
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |

Kepler Tech
Dec-01 May-05

Dev_ May-05 Mar-09
| | Mar-09 Nov-12
Nov-12 Nov-13

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project

Program Management

The Jet Propulsion Laboratory is resposible for program management.

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
Kepler JPL (Development) & ARC |JPL (Development) |None
(MO&DA) & ARC (MO&DA)
SIM JPL JPL None

Acquisition Strategy

All major acquisitions for Kepler are in place. Ames Research Center and Ball Aerospace &
Technologies (Boulder, CO) were selected as the Kepler development and operations team via a
competative NASA Discovery Program Announcement of Opportunity. The Laboratory for
Atmospheric and Space Physics (Boulder, CO) was chosen as a subcontractor for mission
operations.

The acquisition strategy for the next Exoplanet mission is not yet determined. NASA will seek to use
merit-based review as the basis for determining mission content to ensure that the best science and

implementation strategy are supported.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Performance Exoplanet 01/2008 Determine planet-finding research and N/A
Task Force technology approach & prioritization leading up

to the next decadal survey. Report and
recommended strategy published and sent to
respective agencies. For more information,
please see: http://nasascience.nasa.gov/about-
us/NAC-subcommittees/nac-documents/2008-
01_APS_ExoPTF.pdf

Performance SRB New Program Assessment 2010
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Mission Directorate: Science

Theme: Astrophysics
Program: Astrophysics Explorer

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget 117.7 130.7 107.9 69.5 26.6 104 1.7
Request
Wide - Field Infrared Survey 72.7 65.2 13.0 5.2 1.6 0.2 0.0
Explorer (WISE)
Nuclear Spectroscopic 16.7 38.7 59.9 33.7 6.8 6.4 0.0
Telescope Array (NuStar)
Other Missions and Data 28.3 26.8 35.0 30.6 18.2 3.8 1.7
Analysis
FY 2009 President's Budget 106.4 130.6 93.3 43.3 11.7 6.4 -
Request
Wide - Field Infrared Survey 71.8 65.2 13.0 5.2 1.6 0.0 --
Explorer (WISE)
Nuclear Spectroscopic 0.0 415 57.8 31.0 6.8 6.4 -
Telescope Array (NuStar)
Other Missions and Data 34.6 23.9 225 7.1 3.2 0.0 -
Analysis
Changes from FY 2009 Request 11.3 0.1 14.5 26.2 15.0 4.0 --

Note: Astrophysics Explorer budget has increased due to the addition of the recently selected Astro-H/SXS Mission of
Opportunity. FY 2010 President's Budget Request is understated by $9.9M due to the transfer of Astro-H from Heliophysics
Explorer to Astrophysics Explorer Program in FY2010.

Program Overview

The Explorer Program provides frequent flight opportunities for world-class astrophysics and space
physics investigations, using an innovative and efficient approach to spacecraft development and
operations. The program is composed of a series of independent space science missions that share a
common funding and management structure. The program emphasizes missions that can be
accomplished under the control of the scientific research community within specified life cycle cost
requirements. The program provides access to space and launch vehicle funding. These funds are
part of the total cost cap for each mission.

The Wide-field Infrared Survey Explorer (WISE) is the only Astrophysics Explorer mission currently in
development. The Nuclear Spectroscopic Telescope Array (NUSTAR) and Astro-H missions are in
formulation. Astro-H is a Mission of Opportunity selected in 2008; the mission will be led by Japan,
with NASA's contribution being a Soft X-ray Spectrometer (SXS). Please refer to the Heliophysics
Theme for information on additional Explorer projects. For more information, visit:
http://explorers.gsfc.nasa.gov.
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Plans For FY 2010

The WISE launch, and the start of prime operations are scheduled for FY 2010. Dependent upon
cryogen life, the mission may be extended beyond its seven month baseline.

The Nuclear Spectroscopic Telescope Array (NuUSTAR) mission will hold its confirmation review in
August 2009 in preparation to enter the development phase in FY 2010.

The SXS instrument for Astro-H is scheduled to be in the development phase by FY 2010, as the
mission is scheduled to have a preliminary design review and a critical design review in FY 2010.

Suzaku will enter its fifth year of operations and its second year of key project observations. Key
projects are defined as comprehensive observing programs sampling a number of objects of a
particular class, or surveying a large region of the sky, in order to take maximal advantage of the
unique attributes of Suzaku to address important astrophysical problems.

Swift will continue to in its extended operations phase, per results of the most recent Senior Review.
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Project Descriptions and Explanation of Changes

Wide-field Infrared Survey Explorer (WISE)

Currently in development and planned for launch in 2009, the Wide-field Infrared Survey Explorer
(WISE) will provide an all-sky survey of galaxies in the infrared. During its six-month mission, WISE
will map the sky in infrared light, searching for the nearest and coolest stars, the origins of stellar and
planetary systems, and the most luminous galaxies in the universe. WISE's infrared survey will
provide an essential catalog for the James Webb Space Telescope. As the telescope orbits from the
North Pole to the South Pole and then back up to the North Pole, it will sweep out a circle in the sky.
As Earth moves around the Sun, this circle will shift, until WISE has observed the entire sky.

Nuclear Spectroscopic Telescope Array (NUSTAR)

The Nuclear Spectroscopic Telescope Array (NUSTAR), currently in formulation, is planned for
launch in August 2011. NuSTAR will provide a greater capability for using high-energy X-rays to
detect black holes than any currently existing instrument. NUSTAR has been designed to answer
fundamental questions about the universe, such as: How are black holes distributed through the
cosmos? How were the elements of the universe created? What powers the most extreme active
galaxies? This mission will expand the ability to understand the origin of cosmic rays and help predict
the destinies of stars and galaxies.
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Other Missions and Data Analysis
Included in this line item are five operating spacecraft in their extended operations phase:

-Suzaku is Japan's fifth X-ray astronomy mission, on which NASA provided the five X-ray mirrors, as
well as one instrument: the micro-calorimeter spectrometer. Suzaku studies black holes, neutron
stars, and quasars, to unravel the physics of high-energy processes and the behavior of matter
under extreme conditions.

-Swift studies the position, brightness, and physical properties of gamma-ray bursts. Within seconds
of detecting a burst, Swift relays a burst's location to ground stations, allowing both groundbased
and space-based telescopes around the world the opportunity to observe the burst's afterglow.

-The Galaxy Evolution Explorer (GALEX) is exploring the origin and evolution of galaxies, the origins
of stars and heavy elements, and is conducting an all-sky ultraviolet survey.

-The Wilkinson Microwave Anisotropy Probe (WMAP), studies the early universe by measuring the
cosmic microwave background radiation over the full sky. WMAP produced the earliest "baby
picture" of the universe, showing temperature variation of microwave light 379,000 years after the big
bang, over 13 billion years ago.

-Rossi X-Ray Timing Explorer (RXTE) observes the high-energy worlds of black holes, neutron stars,
and X-ray pulsars, gathering important information about processes and structures in white-dwarf
stars, X-ray binaries, neutron stars, pulsars, and black holes.

Also included in this line item is the new Mission of Opportunity, Astro-H, which is an X-ray
observation satellite under development by JAXA. With a 2013 launch, the mission objectives are to:
trace the growth history of the largest structures in the universe, provide insights into the behavior of
material in extreme gravitational fields, determine the spin of black holes and the equation of state of
neutron stars, trace shock acceleration structures in clusters of galaxies, and investigate the detailed
physics of jets. NASA is participating in this mission by providing the High-Resolution Soft X-Ray
Spectrometer (SXS) instrument.
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Implementation Schedule

Project Schedule by Fiscal Year Phase Dates
Prior [o8 [o9 [10] 1112131415 16171819 20]21] 22 | Beg | End |
WISE
Apr-02 Oct-06
Oct-06 Nov-09
| | | Nov-09 May-10
May-10 May-13
Swift
Apr-04 Sep-12
Suzaku
May-05 Sep-11
WMAP
Jun-01 Sep-11
GALEX
Apr-03 Sep-12
RXTE
Dec-95 Sep-10
NuSTAR | |
Feb-08 Nov-09
Nov-09 Aug-11
| | Aug-11 Sep-13
Astro-H |

]

Jun-08 Aug-09
Aug-09 Aug-13
Aug-13 Aug-15

Tech & Adv Concepts (Tech)

Formulation (Form)

Development (Dev)

Operations (Ops)

Research (Res)

Represents a period of no activity for the Project
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Program Management

The Astrophysics Explorer Program is a multiple-project program with program responsibility
assigned to Goddard Space Flight Center (GSFC).

Project Management NASA Center Cost-Sharing Partners
Responsibility Performers
WISE GSFC JPL None.
GALEX GSFC N/A None.
NuSTAR GSFC JPL None.
Astro-H GSFC N/A None.
Swift GSFC N/A None.
Suzaku GSFC N/A None.
WMAP GSFC N/A None.
RXTE GSFC N/A None.

Acquisition Strategy

Explorer projects are selected through competitive Announcements of Opportunity, from which
multiple investigations are selected for initial concept studies, followed by a competitive down-select
to proceed to the next stage of formulation. Investigations are selected to proceed from one phase to
the next through execution of contract options, based on successful technical, cost, and schedule
performance in the previous phases.

SCI-198



Mission Directorate: Science
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Program: Astrophysics Explorer
Project In Development: Wide-Field Infrared Survey Explorer

FY 2010 Budget Request

Budget Authority FY 2008 FY 2009

($ millions) Prior Actual Enacted| FY 2010| FY 2011 FY 2012 FY 2013 FY 2014 BTC| LCC TOTAL
FY 2010 President's 152.5 72.7 65.2 13.0 5.2 1.6 0.2 0.0 0.0 310.5
Budget Request

Formulation 96.6 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 96.6
Development / 55.9 72.7 65.2 0.0 0.0 0.0 0.0 0.0 0.0 193.8
Implementation

Operations / Close-out 0.0 0.0 0.0 13.0 5.2 1.6 0.2 0.0 0.0 20.0
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1
FY 2009 President's 153.7 71.8 5.2 13.0 5.2 1.6 0.0 - 0.0 310.5
Budget Request

Formulation 96.6 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 96.6
Development / 57.1 71.8 65.2 0.0 0.0 0.0 0.0 -- 0.0 194.1
Implementation

Operations / Close-out 0.0 0.0 0.0 13.0 5.2 1.6 0.0 -- 0.0 19.8
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.0
Changes from FY 2009 1.2 0.9 0.0 0.0 0.0 0.0 0.2 = 0.0 0.0
Request

Formulation 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 -
Development / -1.2 0.9 0.0 0.0 0.0 0.0 0.0 = 0.0 -0.3
Implementation

Operations / Close-out 0.0 0.0 0.0 0.0 0.0 0.0 0.2 -- 0.0 0.2
Other 0.0 0.0 0.0 0.0 0.0 0.0 0.0 - 0.0 0.1

Note: The FY 2010 LCC number in the table above is understated by $4M due to the difference in the FY09 enacted bill and the
April 2009 initial operating plan. Assuming approval of NASA's Initial Operating Plan for FY 2009, the estimated lifecycle cost of
WISE will be $314.5M, and the estimated Development cost will be $197.8M.

Explanation of Project Changes

Although only minor changes are seen in the table above, NASA's Initial Operating Plan for FY 2009
requests an increase of $4.0M for additional testing of the spacecraft, reducing risk for the November
2009 launch.

SCI-199



Science

Astrophysics

Astrophysics Explorer

Wide-Field Infrared Survey Explorer

Mission Directorate:
Theme:

Program:
Project In Development:

Project Purpose

The Wide-Field Infrared Survey Explorer (WISE) mission has six objectives: finding the most luminous
galaxies in the universe; finding the closest stars to the Sun; detecting most main-belt asteroids larger

than three kilometers; extending the 2MASS Project survey into the thermal infrared; enabling a wide
variety of studies ranging from the evolution of protoplanetary debris disks to the history of star
formation in normal galaxies; and providing a catalog for the James Webb Space Telescope.

For more information see: http://wise.ssl.berkeley.edu/

Project Parameters

The single WISE instrument is a four-channel imager that will take overlapping snapshots of the sky.
WISE includes: a two-stage, solid-hydrogen cryostat to cool detectors and optics; a 40-centimeter
telescope and reimaging optics; and a scan mirror to stabilize the line-of-sight while the spacecraft

scans the sky.

Project Commitments

WISE will launch in November 2009 on a six-month mission (with a one-month checkout) to provide
an all-sky survey in the wavelengths from 3.5 to 23 microns--up to 1000 times more sensitive than the
Infrared Astronomical Satellite (IRAS) survey.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Ball Aerospace &
Spacecraft Technologies 40-centimeter telescope Same Same
Corporation (BATC)
Launch Vehicle United Launch Alliance Delta 2 Same Same
(ULA)
; Space Dynamics Instrument integration and
ience Payl m m
Science Payload Laboratory (SDL) launch support Same Same
Mission Operations UCLA Management of the_ data Same Same
and Data Management and mission operations

Schedule Commitments

WISE entered development in October 2006 after an extended formulation phase. WISE is scheduled
to launch in November 2009.

Milestone Name Confirm.ation FY 2009 PB FY 2010 PB
Baseline Request Request
Development
Begin Development October 2006 October 2006 Same
Assembly, Test & Launch Operations April 2009 April 2009 Same
Launch Readiness November 2009 November 2009 Same
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Mission Directorate: Science
Theme: Astrophysics

Program: Astrophysics Explorer
Project In Development: Wide-Field Infrared Survey Explorer

Development Cost and Schedule Summary

Current
Base Year
_ Base | Develop- [ o De\\(/i?(;p- Cost _ Base Year C;J(::rnt Milestone
Project Year ment Cost Year ment Cost Change | Key Milestone | Milestone Milestone Change
Estimate ; (%) Date D (months)
($M) Estimate ate
($M)
Wide-Field Launch
Infrared Survey 2007 192.1| 2009 197.8 3 Readiness 11/30/2009 |11/30/2009 0
Explorer
Development Cost Details
Base Year Current Year
Element Development Cost | Development Cost Delta
Estimate ($M) Estimate ($M)
Total: 192.1 197.8 57
| & T Systems 53 4.7 -0.6
Technology Development 34 3.0 -04
Aircraft/Spacecraft 37.8 37.4 -04
Ground Systems 13.6 11.9 -1.7
Launch Vehicle 87.5 76.9 -10.6
Other 16.5 36.1 19.6
Payload 23.0 23.4 0.4
Science/Technology 5.0 4.4 -0.6
Project Management
The Jet Propulsion Laboratory is responsible for project management.
Project Element Project Management NASA Center Performers Cost-Sharing Partners

Responsibility

Spacecraft JPL None None

Mission operations and JPL JPL

_ None
data analysis

Payload JPL None None

Acquisition Strategy

The Wide-field Infrared Survey Explorer was selected competitively as part of the Explorer
Announcement of Opportunity in 2002. All elements of the project were included in the competitive
proposal. The cryogenic instrument is being built by Space Dynamics Laboratory (Logan, UT); Ball
Aerospace and Technologies Corporation (Boulder, CO) is building the spacecraft; University of
California, Los Angeles (Los Angeles, CA) is managing the mission operations and data center; and
United Launch Alliance (Denver, CO) is providing the launch vehicle.
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Theme:

Program:

Science
Astrophysics
Astrophysics Explorer

Project In Development:

Wide-Field Infrared Survey Explorer

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Standing The Sys.tem Integration 'Review (SIR) evaluated
Quality Review Board |11/2008 the readiness of the project to sta(t flight system N/A
(SRB) assembly, test, and launch operations. The
WISE project passed the SIR.
The Operations Readiness Review examines
the actual system characteristics and the
Standing procedures used in the system's oper_ation and
Quality Review Board |N/A ensure that all system and support (flight or 9/2009
(SRB) ground) hardware, software, personnel, and
procedures are ready for operations and that
user documentation accurately reflects the
deployed state of the system.
The Flight Readiness Review examines tests,
Standing demonstrations, analyses, and audits that
Quality Review Board |N/A determine the system's readiness for a safe and |[10/2009
(SRB) successful flight/launch and the subsequent
flight operations.

Project Risk Management

Title Risk Statement Risk Management Approach and Plan

Cover deployment reliability | Premature deployment of the | Cover deployment actuation circuitry has been reviewed with
WISE cover could result in great care and includes components with extensive flight
venting of the cryogen and heritage. End-to-end testing and monitoring will be

loss of the mission. Failure to | conducted during spacecraft level ground testing.

deploy would block light from
entering the telescope and
would also result in loss of

the mission.

The cryogen for the WISE
cryostat is solid hydrogen.
Operational errors could
result in an explosion.

Hydrogen cryostat safety The WISE hardware and work procedures are designed with
safety foremost in mind. Risk has been mitigated through

careful design, review, training, and practice.
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Mission Directorate: Science
Theme: Astrophysics

Program: Astrophysics Explorer
Project In Formulation: Nuclear Spectroscopic Telescope Array

FY 2010 Budget Request

FY 2008 FY 2009
Budget Authority ($ millions) Actual  Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 16.7 38.7 59.9 33.7 6.8 6.4 0.0
FY 2009 President's Budget Request 0.0 41.5 57.8 31.0 6.8 6.4
Total Change from 2009 President's Budget 16.7 -2.8 2.1 2.7 0.0 0.0 --
Request

Project Purpose

The Nuclear Spectroscopic Telescope Array (NUSTAR) is an Explorer mission currently planned for
an August 2011 launch. NuSTAR, unlike Chandra and XMM-Newton, will observe the universe at
high X-ray energy levels. By focusing higher energy X-rays, NuSTAR will start to answer several
fundamental questions about the universe including: How are black holes distributed through the
cosmos? How were heavy elements forged in the explosions of massive stars? What powers the most
extreme active galaxies?

NUSTAR's primary science goal is to make the first deep observations of regions of the sky in the high
energy X-ray band (6-79 keV) in order to locate massive black holes in other galaxies, locate and
examine the remnants of collapsed stars in our galaxy, observe selected very high energy gamma-ray
sources, and observe any supernovae of opportunity in the local group of galaxies. NUSTAR's key
science products will be sensitive high-energy X-ray survey maps of the celestial sky that will guide
the X-ray astronomy community research for several years to come.

For more information see: http://www.nustar.caltech.edu/

Project Preliminary Parameters

NUSTAR will image the sky in the high energy X-ray band (6-79 KeV) and the spacecraft will be 3-axis
stabilized. The primary science instruments will be two identical focusing X-ray telescopes which
utilize an extendable 10-meter mast. The launch vehicle will be a Pegasus XL.
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Program:

Project In Formulation:

Science
Astrophysics

Astrophysics Explorer

Estimated Project Deliverables

Nuclear Spectroscopic Telescope Array

NuSTAR will be launched in August 2011 into a 550km circular orbit around the Earth, with an orbital
inclination currently planned in the 5-27 degree range. Prime operations phase is two years. No

extended mission is currently budgeted.

Project Element Provider Description FY 2009 PB FY 2010 PB
Request Request
Spacecraft Orbital S_(:lences Spa_cec_raft design, _ Same
Corporation fabrication and testing.
M|55|o_n . . e Aperture stop, active shield
operations ,focal plane | University of California, module and mechanical Same
?‘Ssemb'y and . Berkeley enclosures
instrument electronics
X-ray optics Columbia University, Overall optics assembly
GSFC and the Danish management and Same
development . . . .
Technical University manufacturing
: Delivery of mast, canister
Mast, canister and 3 ’
I ATK and instrument structure for Same

instrument structure

the spacecraft

Estimated Project Schedule

NUSTAR was authorized for mission re-start in September 2007 and was authorized to proceed into
Phase B in January 2008. Confirmation to proceed into Phase C (implementation) is planned for

August 2009.
. Formulation FY 2009 PB FY 2010 PB
Milestone Name Agreement Request Request
Estimate

Formulation

Preliminary Design Review January 2008
Confirmation Review August 2009
Launch August 2011
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Theme: Astrophysics

Program: Astrophysics Explorer
Project In Formulation: Nuclear Spectroscopic Telescope Array

Project Management

The Jet Propulsion Laboratory is responsible for NUSTAR Project Management.

The Principal Investigator at the California Institute of Technology is responsible for mission science.

Acquisition Strategy

NUSTAR was selected via a NASA Explorers Announcement of Opportunity.
The spacecraft is being developed by Orbital Sciences Corporation (OSC) in Dulles, Virginia.

X-ray optics are being developed by Columbia University (NY), GSFC (MD), and the Danish
Technical University.

Alliant Techsystems (ATK, Goleta, CA) is responsible for mission mast and structure. The California
Institute of Technology and UC Berkeley are completing the focal plane assembly and electronics.

JPL is responsible for overall instrument integration, and OSC is completing overall observatory
integration. Caltech is responsible for science and UC Berkeley is responsible for mission operations.

Launch vehicle acquisition is through KSC.

Independent Reviews

Review Type Performer Last Review Purpose/Outcome Next Review
Performance SRB 07/2008 SRR Authority to enter Phase B N/A
Performance SRB N/A Preliminary Design Review (PDR); authority to 06/2009

enter Phase C
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Mission Directorate: Science

Theme: Heliophysics

Theme Overview

The Earth resides in the extended atmosphere of an active star. While sunlight enables and sustains
life, the Sun's variability produces streams of high energy particles and radiation that can harm life and
important technology (such as satellites and power grids). Under the protective shield of its magnetic
field and atmosphere, Earth is an island in the universe where life has developed and flourished.

The goal of the Heliophysics Division is to understand the Sun, heliosphere, and planetary
environments as a single connected system. In addition to solar processes, this domain of study
includes the interaction of solar plasma and radiation with Earth, other planets, and our galaxy. By
analyzing the connections between the Sun, solar wind, the planetary space environments, and the
galaxy, scientists are uncovering fundamental physical processes that occur throughout the universe.
Understanding these processes will allow scientists to predict the impacts of solar variability on
humans, technological systems, and even the presence of life itself.

Scientists have already discovered ways to peer into the internal workings of the Sun and understand
how Earth's magnetosphere responds to solar activity. The challenge now is to explore the full system
of complex interactions that characterize the relationship of the Sun with the solar system.

NASA's Heliophysics Division strives to answer the following big questions:

- How does solar variability affect human society, technological systems and the habitability of
planets?

- What are the hazards and resources in the solar system environment that will affect the extension of
human presence in space?

- How and why does the Sun vary and what are the consequences?

- What are the fundamental physical processes of the space environment?

A combination of interrelated elements is necessary to make progress in answering these questions.
They include a complement of missions of varying sizes to collect new science data, timely
development of technologies that enable new science, and acquisition of knowledge through research,
analysis, theory, and modeling.
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Theme:

FY 2010 Budget Request

Science
Heliophysics

FY 2008 FY 2009
Budget Authority ($ millions) Actual Enacted FY 2010 FY 2011 FY 2012 FY 2013 FY 2014
FY 2010 President's Budget Request 787.6 591.6 605.0 672.6 720.5 742.7 762.6
Heliophysics Research 183.3 195.9 178.6 178.1 183.1 190.6 194.3
Living with a Star 2181 238.6 212.2 204.6 208.7 230.0 236.6
Solar Terrestrial Probes 71.9 123.1 143.0 169.1 170.6 160.8 164.3
Heliophysics Explorer Program 48.1 314 69.4 119.7 158.1 161.3 167.4
New Millennium 15.0 2.7 1.8 1.1 0.0 0.0 0.0
Near Earth Networks 40.9 0.0 0.0 0.0 0.0 0.0 0.0
Deep Space Mission Systems (DSMS) 210.3 0.0 0.0 0.0 0.0 0.0 0.0
FY 2009 President's Budget Request 840.9 577.3 598.9 689.4 741.2 746.6 =
Heliophysics Research 181.2 184.8 180.3 175.3 179.8 187.5 --
Living with a Star 2171 223.8 212.0 216.6 232.8 2375 --
Solar Terrestrial Probes 105.9 123.1 137.5 171.4 172.6 161.5 --
Heliophysics Explorer Program 61.0 41.3 66.8 125.1 156.0 160.1 --
New Millennium 25.8 4.3 2.2 11 0.0 0.0 -
Near Earth Networks 39.5 0.0 0.0 0.0 0.0 0.0 --
Deep Space Mission Systems (DSMS) 210.5 0.0 0.0 0.0 0.0 0.0 -
Total Change from FY 2009 Request -53.3 14.3 6.2 -16.8 -20.7 -3.9 --

Note: Starting in FY 10, the Astro-H project is in the Astrophysics theme.
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Mission Directorate: Science

Theme: Heliophysics

Plans for FY 2010

Heliophysics Research

The Research program will continue to operate 16 missions and 27 spacecraft and conduct another senior
review of these missions. Heliophysics data centers will continue to archive and distribute collected science
data.

Living with a Star

The Solar Dynamics Observatory will launch in early FY10. NASA will award instrument contracts for the
Solar Probe mission. The Radiation Belt Storm Probes (RBSP) mission will complete mission Critical Design
Review.

Solar Terrestrial Probes

The Magnetospheric Multiscale Mission(MMS) will continue development work, progressing towards mission
Critical Design Review. STEREO and Hinode will continue mission operations.

Heliophysics Explorer Program

Small Explorers (SMEX) selections (to be selected in 2009) will begin their formulation activities. The IBEX,
CINDI, TWINS, AIM, and THEMIS missions will continue mission operations.
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Theme: Heliophysics

Relevance

Relevance to national priorities, relevant fields, and customer needs:

The Heliophysics Program is guided by U.S. National Space Policy and follows NASA's tradition of
establishing its priorities through consultation with world-class experts. Heliophysics relies on two

advisory bodies for scientific assessments and decadal surveys: the National Research Council's

Space Studies Board and the NASA Advisory Council.

Heliophysics missions such as the Advanced Composition Explorer provide critical data to the
Department of Defense, the Federal Aviation Administration, and the National Oceanographic and
Atmospheric Administration to guard against space weather impacts. The Living With a Star (LWS)
program targets research and technologies that are relevant to the operational needs of these
agencies. The nation's safety, security, and economy have become increasingly dependent on
technologies that are susceptible to the extremes of space weather -- severe disturbances of the
upper atmosphere and of the near-Earth space environment that are driven by the magnetic activity
of the Sun. Space weather events can damage satellites and power grids, and disrupt air traffic
communications. Inter-agency activities are coordinated through the National Space Weather
Program Council (NSWPC) within the Office of the Federal Coordinator for Meteorology.
Organizations around the world also access Heliophysics data via the International Space
Environment Service.

Heliophysics is also working to improve our understanding of magnetic reconnection, a process that
occurs throughout the universe when stressed magnetic field lines suddenly transition to a new
shape. This understanding is expected to greatly benefit the Department of Energy's efforts in the
area of fusion energy, as magnetic reconnection phenomena play a critical role in virtually every
configuration that is being explored to confine high-temperature plasmas.

Internationally, NASA's Heliophysics Program plays a leadership role with both the International
Heliophysical Year and International Living With a Star activities, leveraging space assets and
resources to achieve greater scientific advancement now and in the future.

Relevance to the NASA Mission and Strategic Goals:

Heliophysics supports NASA's Strategic Plan Sub-Goal 3B: Understand the Sun and its effect on
Earth and the solar system. This effort is comprised of three focus areas, or Outcomes:

3B.1: 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.

3B.2: Progress in understanding how human society, technological systems, and the habitability of
planets are affected by solar variability and planetary magnetic fields.

3B.3: Progress in developing the capability to predict the extreme and dynamic conditions in space in
order to maximize the safety and productivity of human and robotic explorers.

Heliophysics researchers study the Sun and its influence on the solar system. Using data from a
group of spacecraft that form an extended network of sensors, NASA seeks to understand the
fundamental physics behind Sun-planet interactions and study space environmental hazards.
Improved understanding and observations of solar events and the interaction between Earth and the
Sun will provide the information needed to develop early warning systems and technologies to protect
astronauts, spacecraft, and the systems that support them from hazardous space radiation. This
progress strengthens our nation's space leadership and creates a robust science and technology
base supporting all of NASA's space activities.

See FY 2010 Performance Plan for specific annual goals.
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Relevance to education and public benefits:

Society is increasingly dependent on modern technology, including power grids, global positioning,
weather forecasting and satellite communications. The valuable assets that support these
technologies are vulnerable to solar activity and space weather events, so the need to predict solar
events and mitigate their effect is critical to the public's safety, security, and the Nation's economy. A
newly released report by the National Academy of Sciences titled "Severe Space Weather Events --
Understanding Societal and Economic Impacts" for the first time attempts to quantify the effects of
extreme space weather on the nation (www.nap.edu/catalog/12507.html). The report concludes that
improving forecasting capabilities and raising public awareness are instrumental in mitigating severe
consequences. The Heliophysics Program supports the rapid transition of research results, models
and data into operational products that benefit the public and other segments of the United States
Government.

Heliophysics education programs include the award-winning Family Science Night, which introduces
local communities to a wide range of Heliophysics-related topics. The Program partners with
Astrophysics and Earth Science for a multi-disciplinary approach to such topics as light and spectrum,
the seasons, and solar power. The IBEX mission has partnered with Adler Planetarium in Chicago to
develop a planetarium show that communicates the scientific goals and results of the IBEX mission.
The STEREO mission regularly provides selected images and movies to over 250 science centers
through the ViewSpace outreach program and the Astronomical Bulletins of the American Museum of
National History in New York.

SCI-211



Mission Directorate: Science

Theme: Heliophysics

Performance Achievement Highlights:

The Explorer program achieved three successful launches in 2008. The Two Wide-angle Imaging
Neutral-atom Spectrometers (TWINS-B) mission was launched and is now providing (along with
TWINS-A) the first ever 3-D images of the magnetosphere. The Coupled lon-Neutral Dynamics
Investigation (CINDI) instrument on the Communication/Navigation Outage Forecast System
(C/NOFS) Air Force spacecraft is observing the ionosphere at the lowest recorded solar minimum.
Interstellar Boundary Explorer (IBEX) was successfully launched in October 2008 to provide the first
ever images of the heliosphere (a bubble in space produced by the solar wind). In addition, six Small
Explorers (SMEX) proposals and the GOLD Mission of Opportunity were selected to complete concept
study reports.

Time History of Events and Macroscale Interactions during Substorms (THEMIS) successfully
completed the first tail season of its observing plan with five operational spacecraft resulting in
significant progress in understanding how