NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FY 2013 PRESIDENT'S BUDGET REQUEST SUMMARY

Notional

Budget Authority, dollars in millions FY 2011 FY_ZOlZ FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
Actual Estimate  Request

NASA FY 2013 18,448.0 17,770.0 17,7114 17,7114 17,7114 17,7114 17,7114
.
Science 4,919.7 5,073.7 4,911.2 4,914.4 4,914.4 4,914.4
Earth Science 1,721.9 1,760.5 1,784.8 1,775.6 1,835.5 1,826.2
Planetary Science 1,450.8 1,501.4 1,192.3 1,133.7 1,102.0 1,119.4
Astrophysics 631.1 672.7 659.4 703.0 693.7 708.9
James Webb Space Telescope 476.8 518.6 627.6 659.1 646.6 621.6
Heliophysics 639.2 620.5 647.0 643.0 636.7 638.3
Aeronautics 533.5 569.4 551.5 551.5 551.5 551.5
Space Technology 456.3 573.7 699.0 699.0 699.0 699.0
Exploration 3,821.2 3,712.8 3,932.8 4,076.5 4,076.5 4,076.5
Exploration Systems Development 2,982.1 3,007.1 2,769.4 2913.1 2,913.1 2913.1 2,913.1
Commercial Spaceflight 606.8 406.0 829.7 829.7 829.7 829.7 829.7
Exploration Research and Development 2323 299.7 333.7 333.7 333.7 333.7 333.7
Space Operations ,146. 4,187.0 4,013.2 4,035.1 4,035.1 4,035.1
Space Shuttle 1,592.9 556.2 70.6 0.0 0.0 0.0 0.0
International Space Station 2,713.6 2,829.9 3,007.6 3,177.6 3,170.9 3,212.8 3,234.3
Space and Flight Support (SFS) 839.8 800.9 935.0 857.5 864.2 822.3 800.8
Education 1454 136.1 100.0 100.0 100.0 100.0
Cross-Agency Support 2,956.4 2,993.9 2,847.5 2,847.5 2,847.5 2,847.5
Center Management and Operations 2,189.0 2,204.1 2,093.3 2,093.3 2,093.3 2,093.3 2,093.3
Agency Management and Operations 767.4 789.8 754.2 754.2 754.2 754.2 754.2

Construction and Environmental Compliance

and Restoration
Construction of Facilities 373.3 441.3 552.8 359.5 362.9 360.0 360.0
Environmental Compliance and 59.6 45.6 66.4 90.9 87.5 90.4 90.4

Office of Inspector General 36.3 38.3 37.0 37.0 37.0 37.0

NASA FY 2013 18,448.0 17,770.0 17,7114 17,7114 17,7114 17,7114 17,7114

1. FY 2011 and FY 2012 are consistent with submitted operating plans. However, for comparability purposes, values for
Space Technology in those years reflect the funding for Space Technology-related activities executed in Exploration, Space
Operations, and Cross Agency Support.

2. FY 2012 Estimates include the impact to appropriation accounts of the $30 million rescission included in the 2012
Appropriation Act, in addition to ~$1 million from other prior appropriations included in the total.

3. Funds associated with outyear estimates for programmatic construction remain in programmatic accounts.

4. FY 2014 - FY 2017 outyear amounts are notional.
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FY 2013 PRESIDENT'S BUDGET REQUEST SUMMARY

FY 2012
Estimate

17,770.0

5,073.7

FY 2013
Request

17,711.4

4,911.2

Budget Authority, dollars in millions Fy 2011
Actual

NASA FY 2013 18,448.0
4,919.7
Earth Science 1,721.9
Earth Science Research 461.1
Earth Science Research and Analysis 299.0
Computing and Management 162.1
Earth Systematic Missions 841.2
Global Precipitation Measurement (GPM) 133.6
Landsat Data Continuity Mission (LDCM) 166.0
Ice, Cloud, and land Elevation Satellite (ICESat- 59.7
Soil Moisture Active and Passive (SMAP) 92.5
Other Missions and Data Analysis 389.5
Earth System Science Pathfinder 182.8
0CO-2 89.0
Venture Class Missions 32.0
Other Missions and Data Analysis 61.7
Earth Science Multi-Mission Operations 147.4
Earth Science Multi-Mission Operations 147.4
Earth Science Technology 52.8
Earth Science Technology 52.8
Applied Sciences 36.6
Pathways 36.6
Planetary Science 1,450.8
Planetary Science Research 158.8
Planetary Science Research and Analysis 122.3
Other Missions and Data Analysis 24.0
Education and Directorate Management 4.6
Near Earth Object Observations 7.8
Lunar Quest Program 130.2
Lunar Science 61.7
Lunar Atmosphere and Dust Environment 64.5
Surface Science Lander Technology 4.0
Discovery 192.0
Other Missions and Data Analysis 192.0
New Frontiers 213.2
OSIRIS-REx 4.9
Other Missions and Data Analysis 208.3
Mars Exploration 547.4
MAVEN 160.6
Other Missions and Data Analysis 386.8
Outer Planets 91.9
Outer Planets 91.9
Technology 117.3
Technology 117.3
Astrophysics 631.1
Astrophysics Research 146.9
Astrophysics Research and Analysis 59.6
Balloon Project 26.8
Other Missions and Data Analysis 60.5
Cosmic Origins 229.1
Hubble Space Telescope 91.7
Stratospheric Observatory for Infrared Astronomy 79.9
Other Missions And Data Analysis 57.6
Physics of the Cosmos 108.7
Other Missions and Data Analysis 108.7
Exoplanet Exploration 46.4
Other Missions and Data Analysis 46.4
Astrophysics Explorer 100.0
Nuclear Spectroscopic Telescope Array (NuSTAR) 36.1
Gravity and Extreme Magnetism 23.0
Other Missions and Data Analysis 41.0

1,760.5
440.1
3323
107.7
881.1

92.9
159.3
120.5
176.3
332.0
188.3
98.4
53.6
36.3
1634
163.4
512
512
36.4
36.4

1,501.4
174.1
122.3

27.4
4.0
20.4
139.9
66.7
70.4
2.8
172.6
172.6
160.7
110.3
50.5
587.0
245.7
341.4
122.1
122.1
1449
144.9

672.7
164.1
64.6
31.6
67.9
2373
95.7
84.2
574
108.3
108.3
50.8
50.8
1122
11.8
632
372

1,784.8
433.6
3243
109.3
886.0

88.0
54.7
157.2
237.4
348.7
219.5
753
106.2
38.0
161.7
161.7
49.5
495
34.6
34.6

1,192.3
188.5
125.3
388
4.0
205
61.5
173
414
2.8
189.6
189.6
175.0
137.5
375
360.8
146.4
2144
84.0
84.0
1329
132.9

659.4
176.2
64.2
313
80.6
2404
983
85.5
56.6
111.8
111.8
56.0
56.0
75.1
4.7
46.4
24.1

Notional
FY 2014 FY 2015 FY 2016 FY 2017
17,7114 17,7114 17,7114
4914.4 4914.4 4914.4
1,775.6 1,835.5 1,826.2 1,772.8
461.7 485.1 497.3 508.1
327.8 336.4 343.7 347.9
133.9 148.7 153.6 160.2
187.6 813.2 835.6 756.4
66.2 19.1 18.1 10.2
2.1 2.1 22 23
145.4 89.7 92.7 14.1
89.1 86.7 15.9 11.3
484.7 615.7 706.7 718.5
270.9 275.6 224.2 2344
57.9 454 16.0 4.0
173.6 190.1 167.1 188.9
39.4 40.1 41.1 415
170.2 172.9 176.5 171.6
170.2 172.9 176.5 177.6
50.1 52.1 54.1 56.1
50.1 52.1 54.1 56.1
35.0 36.7 384 40.1
35.0 36.7 38.4 40.1
1,133.7 1,102.0 1,119.4 1,198.8
222.5 2334 2317 230.3
130.1 133.5 134.6 135.5
64.6 72.1 69.5 66.9
7.3 7.3 7.1 7.4
20.5 20.5 20.5 20.5
6.2 0.0 0.0 0.0
3.7 0.0 0.0 0.0
2.5 0.0 0.0 0.0
0.0 0.0 0.0 0.0
242.2 235.6 193.8 1343
242.2 235.6 193.8 134.3
269.8 279.6 259.9 155.1
228.8 224.2 202.1 449
41.0 55.4 57.8 110.1
227.7 188.7 266.9 503.1
37.6 17.3 5.3 0.0
190.1 171.4 261.6 503.1
80.8 78.8 76.2 76.3
80.8 78.8 76.2 76.3
84.6 85.9 90.9 99.6
84.6 85.9 90.9 99.6
703.0 693.7 708.9 710.2
189.1 205.1 211.5 218.7
65.5 66.8 68.2 69.5
31.2 32.8 34.2 34.3
92.3 105.4 109.2 114.8
228.5 215.1 205.3 205.7
98.3 94.3 90.2 90.5
88.0 88.0 86.0 85.9
422 32.8 29.1 29.3
109.6 96.3 92.7 74.6
109.6 96.3 92.7 74.6
41.6 433 424 45.6
41.6 433 424 45.6
1343 133.9 157.0 165.6
4.4 0.0 0.0 0.0
32.9 2.7 0.2 0.0
97.1 131.2 156.8 165.6
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FY 2013 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority, dollars in millions

James Webb Space Telescope

Heliophysics
Heliophysics Research
Heliophysics Research and Analysis
Sounding Rockets
Research Range
Other Missions and Data Analysis
Living with a Star
Radiation Belt Storm Probes (RBSP)
Solar Probe Plus
Solar Orbiter Collaboration
Other Missions and Data Analysis
Solar Terrestrial Probes
Magnetospheric MultiScale (MMS)
Other Missions and Data Analysis
Heliophysics Explorer
IRIS
Other Missions and Data Analysis
New Millennium
New Millennium

FY 2011
Actual

476.8

639.2
160.8
34.0
45.9
19.5
61.4
2184
146.1
13.9
83
50.2
168.3
150.8
17.4
91.7
63.5
28.1
0.1
0.1

FY 2012
Estimate

518.6

620.5
175.2
329
523
20.1
69.9
196.3
86.1
495
213
393
188.7
170.3
18.5
60.2
39.1
21.1
0.0
0.0

FY 2013
Request

627.6

647.0
178.9
327
56.1
205
69.6
232.6
377
112.1
213
61.5
189.4
168.3
21.1
46.1
12.1
34.0
0.0
0.0

Notional
FY 2014 FY 2015 FY 2016 FY 2017

659.1 646.6 621.6 571.1
643.0 636.7 638.3 661.6
162.6 168.5 170.3 171.6
31.0 31.5 31.5 31.5
51.6 56.3 53.0 53.0
21.0 21.3 21.6 21.7
58.9 59.5 64.2 65.5
2122 286.2 336.6 3517
14.5 9.1 0.0 0.0
103.2 137.1 229.3 215.2
58.2 102.1 75.6 100.0
36.3 37.8 31.8 36.5
179.8 64.5 46.7 534
157.6 429 20.4 12.5
222 21.6 26.3 40.9
88.4 117.5 84.8 84.8
7.3 1.2 0.0 0.0
81.1 116.3 84.8 84.8
0.0 0.0 0.0 0.0
0.0 0.0 0.0 0.0

Aeronautics

Aviation Safety
Aviation Safety

Airspace Systems
Airspace Systems

Fundamental Aeronautics
Fundamental Aeronautics

Aecronautics Test
Aeronautics Test

Integrated Systems Research
Integrated Systems Research

Aeronautics Strategy and Management
Aeronautics Strategy and Management

533.5
673
67.3
87.2
87.2

206.3

206.3
76.4
76.4
75.9
75.9
20.4
20.4

569.4
80.1
80.1
9.7
92.7

186.3

186.3
79.4
79.4

104.2

104.2
26.7
26.7

551.5
811
81.1
933
933

168.7

168.7
78.1
78.1

104.0

104.0
26.4
26.4

551.5
81.0
81.0
92.6
92.6

1713

171.3
78.0
78.0

102.3

102.3
262
26.2

551.5
81.4
81.4
91.9
91.9

1733

173.3
78.0
78.0

101.2

101.2
25.7
25.7

551.5
81.9
81.9
912
91.2

1753

175.3
78.1
78.1

100.1

100.1
25.0
25.0

Space Technolog

Space Technology

SBIR and STTR
SBIR and STTR

Partnerships Dev & Strategic Integration
Partnership Development and Strategic

Crosscutting Space Tech Development
Crosscutting Space Tech Development

Exploration Technology Development
Exploration Technology Development

Exploration

Exploration Systems Development

Multi-Purpose Crew Vehicle

Crew Vehicle Development

MPCV Program Integration and Support
Space Launch System

Launch Vehicle Development

SLS Program Integration and Support
Exploration Ground Systems

Exploration Ground Systems

Commercial Spaceflight
Commercial Cargo
Commercial Orbital Transportation Services
Commercial Crew
Commercial Crew

456.3 573.7 699.0 699.0 699.0 699.0 699.0
164.7 166.7 173.7 181.9 187.2 195.3 206.0
26.6 29.5 29.5 29.5 29.5 29.5 29.5
120.4 187.7 293.8 272.1 266.6 259.7 247.0
144.6 189.9 202.0 215.5 215.7 214.5 216.5
2,982.1 3,007.1 2,769.4 2,913.1 2,913.1 2,913.1 2,913.1
1.196.0 1.200.0 1.024.9 1.028.2 1,028.2 1,028.2 1,028.2
1,086.0 1,142.9 968.5 975.8 980.2 984.2 983.7
110.0 57.1 56.4 52.4 48.0 44.0 44.4
1,536.1 1,502.6 1,340.0 1,429.3 1,429.3 1,429.3 1,429.3
1,313.8 1,456.1 1,304.1 1,399.1 1,397.9 1,393.4 1,364.4
2223 46.4 359 30.2 31.4 359 64.9
250.0 3045 404.5 455.6 455.6 455.6 455.6
250.0 304.5 404.5 455.6 455.6 455.6 455.6
606.8 406.0 829.7 829.7 829.7 829.7 829.7
299.4 0.0 0.0 0.0 0.0 0.0 0.0
307.4 406.0 829.7 829.7 829.7 829.7 829.7
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION

FY 2013 PRESIDENT'S BUDGET REQUEST SUMMARY

Budget Authority, dollars in millions Fy 2011
Actual
Exploration Research and Development 232.3
Human Research Program 154.7
Human Research Program 154.7
Advanced Exploration Systems 71.6
Advanced Exploration Systems 77.6

FY 2012
Estimate

299.7
157.7
157.7
142.0
142.0

FY 2013
Request

333.7
164.7
164.7
169.0
169.0

Notional
FY 2014 FY 2015 FY 2016 FY 2017
333.7 333.7 333.7 333.7
164.7 164.7 164.7 164.7
164.7 164.7 164.7 164.7
169.0 169.0 169.0 169.0
169.0 169.0 169.0 169.0

Space Operations

Space Shuttle 1,592.9 556.2 70.6 0.0 0.0 0.0 0.0
Space Shuttle Program 1,592.9 556.2 70.6 0.0 0.0 0.0 0.0
SPOC Pension Liability 0.0 470.0 0.0 0.0 0.0 0.0 0.0
Program Integration 618.6 19.4 31.9 0.0 0.0 0.0 0.0
Flight and Ground Operations 502.4 40.0 24.9 0.0 0.0 0.0 0.0
Flight Hardware 471.9 26.8 13.8 0.0 0.0 0.0 0.0
International Space Station 2,713.6 2,829.9 3,007.6 3,177.6 3,170.9 3,212.8 3,234.3
International Space Station Program 2,713.6 2,829.9 3.007.6 3.177.6 3.170.9 3.212.8 3.2343
ISS Systems Operations and Maintenance 1,681.1 1,418.7 1,493.5 1,354.4 1,200.1 1,170.0 1,077.8

ISS Research 175.7 225.5 229.3 227.4 231.3 238.3 241.7

ISS Crew and Cargo Transportation 856.8 1,185.7 1,284.8 1,595.8 1,739.6 1,804.5 1,914.8
Space and Flight Support 839.8 800.9 935.0 857.5 864.2 822.3 800.8
21st Century Space Launch Complex 142.8 123.5 41.1 47.0 47.0 47.0 47.0
21st Century Space Launch Complex 142.8 123.5 41.1 47.0 47.0 47.0 47.0
Space Communications and Navigation 456.7 445.5 655.6 570.7 571.3 5354 5139
Space Communications Networks 347.8 364.2 440.3 423.9 4329 435.1 437.0
Space Communications Support 92.0 66.0 78.2 79.5 71.5 71.8 74.3
TDRS Replenishment 16.9 15.2 137.1 67.2 73.0 28.6 2.6
Human Space Flight Operations 112.8 107.3 111.1 111.1 111.1 111.1 111.1
Human Space Flight Operations 112.8 107.3 111.1 111.1 111.1 111.1 111.1
Launch Services 833 81.0 81.2 82.8 82.8 82.8 82.8
Launch Services 83.3 81.0 81.2 82.8 82.8 82.8 82.8
Rocket Propulsion Test 44.2 43.6 459 459 459 459 459
Rocket Propulsion Testing 442 43.6 45.9 45.9 45.9 45.9 45.9

Education
Education 145.4 136.1 100.0 100.0 100.0 100.0 100.0
Aecrospace Research and Career Development 70.4 56.1 33.0 33.0 33.0 33.0 33.0
NASA Space Grant 455 389 24.0 24.0 24.0 24.0 24.0
EPSCoR 24.9 17.3 9.0 9.0 9.0 9.0 9.0
STEM Education and Accountability 75.0 80.0 67.0 67.0 67.0 67.0 67.0
Minority University Research Education Program 28.5 30.0 30.0 30.0 30.0 30.0 30.0
STEM Education and Accountability Projects 46.5 50.0 37.0 37.0 37.0 37.0 37.0
Cross-Agency Support 2,956.4 2,993.9 2,847.5 2,847.5 2,847.5 2,847.5

Center Management and Operations 2,189.0 2,204.1 2,093.3 2,093.3 2,093.3 2,093.3 2,093.3
Center Management and Operations 2,189.0 2,204.1 2,093.3 2,093.3 2,093.3 2,093.3 2,093.3
Center Institutional Capabilities 1,710.8 1,703.4 1,628.5 1,623.6 1,617.0 1,606.7 1,594.2
Center Programmatic Capabilities 478.1 500.7 464.8 469.7 476.3 486.6 499.1
Agency Management and Operations 767.4 789.8 754.2 754.2 754.2 754.2 754.2
Agency Management 401.9 403.2 391.8 391.8 391.8 391.8 391.8
Agency Management 401.9 403.2 391.8 391.8 391.8 391.8 391.8
Safety and Mission Success 191.2 198.2 182.4 182.4 182.4 1824 1824
Safety and Mission Assurance 48.1 49.4 47.8 47.8 47.8 47.8 47.8
Chief Engineer 99.2 105.2 98.6 98.6 98.6 98.6 98.6
Chief Health and Medical Officer 4.0 4.5 43 43 4.3 4.3 4.3
Independent Verification and Validation 39.9 39.1 31.7 31.7 31.7 31.7 31.7
Agency IT Services 145.0 1591 152.0 152.0 152.0 152.0 152.0
IT Management 15.0 14.6 10.5 10.5 10.5 10.5 10.5
Applications 75.3 67.8 67.8 67.8 67.8 67.8 67.8
Infrastructure 54.7 76.6 73.7 73.7 73.7 73.7 73.7
Strategic Capabilities Assets Program 294 29.3 28.0 28.0 28.0 28.0 28.0
Strategic Capabilities Assets Program 29.4 29.3 28.0 28.0 28.0 28.0 28.0
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NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
FY 2013 PRESIDENT'S BUDGET REQUEST SUMMARY

Notional

Budget Authority, dollars in millions FY 2011 FY 2012 FY 2013 oy o014 pyoo1s FY 2016 FY 2017
Actual Estimate Request

Construction and Environmental Compliance and

Restoration

Construction of Facilities 373.3 441.2 552.8 359.5 362.9 360.0 360.0
Institutional CoF 265.1 310.6 384.0 359.5 362.9 360.0 360.0
Institutional CoF 265.1 310.6 384.0 359.5 362.9 360.0 360.0
Science CoF 52.5 11.5 32 0.0 0.0 0.0 0.0
Science CoF 52.5 11.5 32 0.0 0.0 0.0 0.0
Exploration CoF 15.1 52.5 143.7 0.0 0.0 0.0 0.0
Exploration CoF 15.1 52.5 143.7 0.0 0.0 0.0 0.0
Space Operations CoF 40.6 66.7 219 0.0 0.0 0.0 0.0
Space Operations CoF 40.6 66.7 21.9 0.0 0.0 0.0 0.0
Environmental Compliance and Restoration 59.6 44.8 66.4 90.9 87.5 90.4 90.4

Office of Inspector General

Prior Appropriation Accounts

NASA FY 2013 18,448.0 17,770.0 17,7114 17,7114 17,7114 17,7114
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NASA FY 2013 BUDGET REQUEST EXECUTIVE SUMMARY
MESSAGE FROM THE ADMINISTRATOR

NASA's Fiscal Year 2013 budget moves the Agency forward strongly on a path that will maintain
America’'s preeminence in space exploration. Under President Obama’s leadership, NASA and the Nation
are embarking upon an ambitious exploration program that will build on new technologies as well as
proven capabilities as we expand our reach out into the solar system. Even in these tough fiscal times, the
FY 2013 budget seeks $17.7 billion for NASA to continue implementing all major elements of the NASA
Authorization Act of 2010, thereby laying the foundation for remarkable discoveries here on Earth and
deep in space.

While reaching for new heights in space, we’re creating new jobs right here on Earth, especially for the
next generation of American scientists and engineers, by supporting cutting edge aeronautics and space
technology innovations, and research and development that will fuel the Nation's economy for years to
come. Our activities stimulate innovation and focus on the highest-skilled, highest-educated workers; the
most advanced transportation systems in aviation and space; high tech communication; and a strong
commitment to research and technology that has paid off for American taxpayers since the inception of
the space program.

The proposed budget allows NASA to fully implement a National Laboratory and exploration platform in
low Earth orbit, the International Space Station (ISS), which unites nations in a common pursuit of
knowledge and experience to enable future exploration; and it enables partnership with commercial
entities to provide crew services to low Earth orbit. The budget also supports developing a heavy lift
rocket and crew capsule, with an un-crewed test flight planned for as early as 2017 and a crewed flight as
early as 2021. In addition, it enables NASA to develop the James Webb Space Telescope with the goal of
launch in 2018. As the successor to Hubble Space Telescope, James Webb Space Telescope will again
revolutionize our understanding of the universe.

After an unparalleled in-space construction process, we now have a unique orbiting outpost, the ISS. We
will use it to improve life on Earth and help make the next great leaps in scientific discovery and
exploration. With ISS now capable of operating at full capacity as a unique laboratory, we will enhance
its usage by others in government, industry, and academia.

At the same time, NASA is partnering with the U.S. commercial space industry to enable safe, reliable
and cost-effective access to low Earth orbit for crew and cargo, and to reduce American reliance on
foreign services. In calendar year 2012, we will see the first commercial cargo flights to the station,
demonstrating the innovation and capabilities of our industry partners and eventually helping to ease our
reliance on Russian transport of astronauts. We will continue to work with partners both large and small
to develop end-to-end systems for transporting crew and cargo to orbit and the supporting technologies
for this work. Opening this new segment of the economy will support good jobs and provide long-term
economic benefits.

Among our top priorities in 2013 is to make steady and tangible progress in the next great chapter of
exploration. We will continue work on the next generation, deep space crew capsule and heavy-lift rocket
and meet major milestones in both areas. Using existing hardware and capabilities to the extent feasible to
conduct early tests, the Agency will make faster progress toward a system that ultimately will have
greater capability than ever before to carry humans and cargo to deep space.

Our science missions have led the world in amazing discoveries, and in 2013 we will build on that strong
and balanced portfolio. Continuing and newly operational missions will return data that will facilitate
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NASA FY 2013 BUDGET REQUEST EXECUTIVE SUMMARY
MESSAGE FROM THE ADMINISTRATOR

scientific discovery for years to come and new missions will chart our next frontiers. Another priority for
the Agency is successful execution of the James Webb Space Telescope, which we continue to develop
and test leading to its planned launch in 2018. With James Webb Space Telescope and other ongoing
projects, we will reach farther into our solar system, reveal unknown aspects of the universe and provide
critical data about our home planet. We are developing an integrated strategy to ensure that the next steps
for the robotic Mars Exploration program will support long-term human exploration goals as well as
science and meet the President’s challenge to send humans to Mars in the mid-2030s. The Mars Science
Laboratory will reach the Red Planet in August, renewing the vast public interest in such scientific
exploration and making discoveries about our neighbor's potential habitability both now and in the past.

To improve our Nation’s capabilities in the skies and in space and enhance life for millions here on Earth,
we are driving advances in new aviation and space technologies like laser communications and zero-
gravity propellant transfer. These advances will seed innovation that will support economic vitality and
help create new jobs and expanded opportunities for a skilled workforce.

NASA can provide hands-on experience and inspiration as few other agencies can. To foster the U.S.
workforce, NASA's education programs will focus on demonstrable results and capitalize on the Agency's
ability to inspire students and educators through unique missions and the big challenges that help today's
young people envision a future in science, technology, engineering, and mathematics.

NASA's 2013 budget implements President Obama's vision for an American space program with much
greater capabilities that it has today and the flexibility and determination to reach new destinations with
human and robotic explorers. Our plan sets us on a path as a nation to achieve even greater goals and to
make life better around the world as we strive to meet these grand challenges.

Charles F. Bolden, Jr.
NASA Administrator
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NASA FY 2013 BUDGET REQUEST EXECUTIVE SUMMARY
BUDGET HIGHLIGHTS

NASA and the Nation are embarking upon an ambitious program of space exploration that will build on
new technologies as well as proven capabilities as we expand our reach out into the Solar System.

Despite tough economic times, the FY 2013 budget request continues to implement the space exploration
program agreed to by the President and a bipartisan majority in Congress, laying the foundation for
remarkable discoveries here on Earth and deep in space, and will lead to myriad benefits for U.S. citizens
and people around the world.

The FY 2013 budget request continues to develop innovative science missions that will reach farther into
our solar system, reveal unknown aspects of our universe and provide critical data about our home planet.
Data from NASA'’s Earth observing satellites is essential in understanding climate change, predicting
severe weather events, and responding to global disasters. In addition, NASA is taking a fresh look at
robotic Mars exploration to develop a more integrated approach that advances scientific and human
exploration objectives that are consistent with available budget resources and priorities in the Planetary
Science decadal survey. NASA remains interested in working with ESA and other international partners
to identify opportunities to cooperate in Mars exploration consistent with the budgets available to the
agencies. Moreover, Mars exploration remains an important component of NASA’s planetary exploration
efforts. The missions currently operating on the surface and orbiting Mars, the 2011 Mars Science
Laboratory now on its way, and 2013 Mars Atmosphere and Volatile EvolutioN (MAVEN), which is well
into development, will be providing us with many years of data to analyze. This information is providing
fundamental knowledge that enables us to understand our nearest planetary neighbor and plan the
requirements for human visits in future years.

The proposed budget allows NASA to fully implement a national laboratory and exploration platform in
space, ISS, which unites nations in a common pursuit of knowledge and experience to enable future
exploration. The budget also supports developing a heavy lift rocket and crew capsule, with an un-crewed
test flight planned for as early as 2017 and a crewed flight as early as 2021. In addition, it enables NASA
to develop the James Webb Space Telescope (JWST) with the goal of launch in 2018. As the successor to
Hubble Space Telescope, JWST will again revolutionize our understanding of the universe.

The FY 2013 budget provides the funds necessary to end U.S. reliance on Russian vehicles for crew
transportation to ISS by 2017, leveraging investments being made by multiple domestic companies across
the country to develop crew transportation systems. The budget also provides funds to purchase cargo
transportation to the ISS from commercial providers, following through on the promise of the past
Commercial Orbital Transportation Services (COTS) program. The capabilities resulting from the former
COTS and current Commercial Crew programs will provide a commercial market for access to space that
academia, research organizations, and corporations will use to develop new technologies and products,
and result in the creation of high-technology jobs across many sectors of the economy.

For NASA, this investment will ultimately enable domestic suppliers of safe, reliable, and cost-effective
access to low Earth orbit for crew and cargo and to lessen American reliance on foreign services. Through
these partnerships, NASA invests in research and technology that will also enable long-term deep space
exploration to destinations including asteroids and Mars and its environs.

NASA is pursuing a portfolio of research and technology investments that will increase the Nation’s

capability to operate in space and enable long-term deep space exploration. These investments, which will
increase the capability and decrease the cost of NASA, commercial, and other government space
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activities, include numerous high payoff, high-risk technology projects that industry cannot tackle today.
NASA is driving advances in new aviation and space technologies like improved atomic clocks, laser
communications and zero-gravity propellant transfer, seeding innovation to expand our capabilities in the
skies and in space, to support economic vitality, and to help create new jobs and expanded opportunities
for a skilled workforce.

NASA strives for sound budgeting and scheduling for all missions and programs since realistic planning
is the foundation on which success is built. Schedules and budgets must include a complete cost analysis
from concept design to the end of the life cycle. To the greatest extent possible, development risks must
be identified, planning impacts assessed, and resources to mitigate the risks and impacts must be available
when they are needed. Aggressive management controls and oversight, a full understanding of costs and
benefits, and improved coordination and communication at all support levels will lessen risks and
improve the likelihood of mission success within cost and funding allowances. Increasing the Agency’s
accountability and transparency will help reassure the public that NASA remains a good steward of
taxpayer dollars.

The FY 2013 budget request enables NASA to maintain America’s leadership in space. It transitions the
Agency from planning to implementing human exploration activities. It allows us to build, to share and
discover.

The President’s 2013 Budget Request provides $17.7 billion to support NASA in its mission to drive
advances in science, technology, and exploration to enhance knowledge, education, innovation, economic
vitality, and stewardship of the Earth. If enacted, NASA would make key investments in programs that
will ensure American leadership in space science and exploration, support the development of new space
capabilities, make air travel safer and more affordable, and answer important scientific questions about
Earth, the solar system, and the universe.

SCIENCE IS ANSWERING ENDURING QUESTIONS IN, FROM, AND ABOUT SPACE

NASA'’s Science account funds the development of innovative satellite missions and instruments to
enable scientists to conduct research to understand the Earth, the Sun, and the planetary bodies in our
solar system, and to unravel the mysteries of the universe. These discoveries continue to inspire the next
generation of scientists, engineers and explorers. The FY 2013 budget request for Science is

$4,911.2 million.

In August 2012, after a journey of more than six months, the most capable rover ever envisioned for
another planet is scheduled to land on Mars. The Mars Science Laboratory rover, called Curiosity, is
targeted at a precise location with a suite of highly capable science instruments designed to determine
whether Mars is or has ever been an environment able to support life. It will do so by chemically
analyzing samples collected in various ways, including scooping up regolith, drilling into rocks and
vaporizing some with lasers, and sniffing the atmosphere. At the end of 2013, after completing final
integration and test, the 2013 MAVEN mission will be shipped to the launch site. In addition, as
discussed above, in FY 2013, NASA will implement a lower-cost approach to Mars exploration that will
better integrate scientific objectives with long-term human exploration goals.
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Activities on other missions scheduled for launch in this decade also continue. For example, the Lunar
Atmosphere and Dust Environment Explorer (LADEE) is scheduled for launch to the Moon late in 2013,
and will characterize the lunar atmosphere and dust environment. The FY 2013 budget also supports
formulation of the Origins-Spectral Interpretation-Resource Identification-Security-Regolith Explorer
(OSIRIS-REX), which will return and analyze asteroid material and pave the way for human exploration
of an asteroid. The Agency will continue development of JWST, the successor to the Hubble Space
Telescope, with completion of instrument deliveries and significant progress on the sunshield, main
structural element and the optical telescope. FY 2013 will see the commissioning and early operation of
the Radiation Belt Storm Probes to be launched this September. The FY 2013 budget will fund continued
development of the Magnetospheric MultiScale (MMS) mission and advance the formulation of Solar
Probe-Plus. The Landsat Data Continuity Mission (LDCM) is scheduled to launch in January 2013 and
will provide global multispectral data of the Earth’s surface for use by agriculture, education, business,
government and science. Data from the entire constellation of NASA’s Earth observing satellites will
continue to advance the Nation’s capability to predict changes in climate, weather and natural hazards and
inform decision-making to enhance our economic and environmental security.

AERONAUTICS IMPROVES AIR TRAVEL FOR ALL

NASA'’s investment in Aeronautics advances the safety, reliability, capacity, and efficiency of air travel.
The FY 2013 budget request for Aeronautics is $551.5 million.

Research in aeronautics disciplines improves the safety, performance and future capability of the aircraft
industry. The Agency supports development of new technologies, as well as the most effective application
of those technologies, enabling increases in capacity while reducing environmental pollution and noise
emissions. NASA’s research in revolutionary aeronautics concepts may lead to breakthroughs that could
one day change the face of air transportation. In FY 2013, NASA will collaborate with the Federal
Aviation Administration on their certification requirements related to engine icing. NASA’s research in
atmospheric conditions will help to reduce the harmful impact of this icing condition. The Agency will
also test an alternate routing tool that will help save time, fuel, and distance traveled through severe
weather conditions. Green technologies continue to be an Agency aviation priority, and a new variable-
speed transmission test facility at the Glenn Research Center will allow engineers to test rotorcraft for fuel
efficiencies, saving potentially 25 percent of energy normally consumed.

SPACE TECHNOLOGY EXPANDS THE NATION’S ABILITY TO OPERATE IN SPACE

Space Technology will be building, testing and flying the technologies required for the space missions of
tomorrow. The FY 2013 budget request for Space Technology is $699.0 million.

American technological leadership is vital to National security, economic prosperity, and global position.
The leadership position of the U.S. today is the is due in part to the technological investments made in
earlier decades, when engineers, scientists and elected officials established basic and applied research and
engineering facilities, effective oversight organizations, and robust competitively funded programs. That
focus spurred economic growth, and led to the creation of new industries, products and services that
continue to yield lasting benefits. NASA prepares for the future by generating new technologies for use
by NASA, other Government agencies, and U.S. industry. In addition, Space Technology pursues
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advancements in areas such as propulsion; entry, descent, and landing systems; optical communications;
space power systems; radiation protection; and cryogenic fluid handling because they are essential for
human exploration beyond low Earth orbit.

In FY 2013, NASA will move the development and testing of entry, descent, and landing systems from
the Aeronautics account to Space Technology, better leveraging the Agency-wide knowledge base in
these research areas. Space Technology will also advance high-priority, high-visibility technical areas
through testing and launch milestones of a laser communications relay demonstration, a deep space
atomic clock, and activities related to storage and transfer of cryogenic propellants, among others. NASA
will continue to stimulate a U.S. economic powerhouse, the small business sector, through the
competitive Small Business Innovative Research and Small Business Technology Transfer programs.

EXPANDING HUMAN EXPLORATION OF THE SOLAR SYSTEM

Exploration ensures that the United States continues its leadership position in space exploration. The FY
2013 budget request for Exploration is $4,076.5 million (including $143.7 million of exploration-related
construction of facilities funding included in the Construction and Environmental Compliance and
Restoration, or CECR account).

Activity within the Exploration account supports forward-looking development of systems and
capabilities required for human exploration of space beyond low Earth orbit. This includes launch and
crew vehicles for missions beyond low Earth orbit, developing affordable commercial means to provide
crew access to the ISS, technologies and countermeasures to keep astronauts healthy and functional
during deep space missions, and technologies to reduce launch mass and cost of deep space missions. In
FY 2013, NASA will prepare for the first exploration flight test of the Orion Multi Purpose Crew Vehicle
(Orion MPCV) scheduled for early 2014. Conducting this test before the Orion MPCV critical design
review will reduce program cost and schedule risks by allowing actual flight data to influence the final
design of critical spacecraft systems, thereby avoiding increased ground testing and costly redesign
efforts. The Agency will also pursue Space Act Agreements with industry to support the next design and
development phase of commercial crew transportation systems.

SPACE OPERATIONS LAYING THE FOUNDATIONS FOR EXPLORATION AND
DISCOVERY

Space Operations focuses on enabling and safeguarding current human spaceflight activity in and beyond
low Earth orbit. The FY 2013 budget request for Space Operations is $4,109.1 million.

A mainstay of Space Operations work is managing the maintenance, operations, research portfolio, and
resupply of ISS. Another essential element is providing secure and dependable space communications to
ground stations. This work enables not just human exploration, but provides essential space
communications networks for science instruments orbiting the Earth and exploring the solar system. In
FY 2013, NASA will continue to train astronaut crews for the ISS, collaborate with the non-governmental
organization selected for managing 1SS research, and procure resupply services from the commercial
rocket sector. The 21% Century Space Launch Complex (21CSLC) will move forward, from planning and
concept validation studies to upgrading systems and equipment, implementing environmental protection
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measures, and preparing capabilities to meet the needs of NASA and other potential customers. Vital
space communications networks and links will be protected as NASA begins to upgrade the aging fleet of
Tracking and Relay Data Satellites. Finally, close out activities for the Space Shuttle will continue, as the
orbiters are made safe and prepared to move into their new roles at public science facilities across the
United States.

EDUCATION BUILDS A FUTURE WORKFORCE

NASA'’s education programs share the excitement of the Agency’s science and engineering missions with
students, educators, and the public. The FY 2013 budget request for Education is $100.0 million.

NASA attracts learners to pursue science, technology, engineering, and mathematics (STEM) study and
careers by engaging them in the Agency’s missions, by fostering collaborative relationships between
learners and the current NASA workforce, and offering learners opportunities to work in Agency
facilities. Hands-on challenges with NASA experts aim to generate interest in undergraduate STEM study
and thereby increase the number of students who seek employment in aerospace or related STEM fields.
In FY 2013, NASA's STEM education program will focus on competitive opportunities for learners and
educators. Planned activities will serve middle school audiences; offer pre- and in-service educator
professional development; provide experiential opportunities for high school and undergraduate students;
and will align with the five-year multi-agency STEM education strategic plan forthcoming from the
National Science and Technology Council’s Committee on STEM Education.

EXCELLENCE IN OPERATIONS FOR MISSION SUCCESS

NASA’s investment in Cross Agency Support and Construction and Environmental Compliance and
Restoration accounts enable the Agency to conduct day-to-day technical and business operations. These
organizations provide the workforce with the proper services, tools and equipment to complete essential
tasks, protect and maintain the security and integrity of information and assets, and ensure that personnel
work under safe and healthy conditions. The FY 2013 budget request for Cross Agency Support is
$2,847.5 million, and the request for Construction and Environmental Compliance and Restoration is
$619.2 million.

In FY 2013, NASA will continue to seek and implement additional operational efficiencies across the
Agency. An aggressive savings campaign in support of the Administration’s Campaign to Cut Waste
enables the Agency to maximize its investments on mission priorities. Collaboration with other Federal
agencies and industry optimizes use of capabilities that may exist outside of the Agency (e.g., thermal
vacuum chambers), creating greater Government-wide efficiencies. NASA will increase its efforts to
identify and avoid counterfeit parts, as sub-standard components can lead to costly loss of mission or even
loss of life. NASA has also trimmed Center and Headquarters services to essentials, including facilities
maintenance and repair, and IT services. Consolidation of service contracts will further reduce operating
costs and leverage new systems and processes.

Construction and Environmental Compliance and Restoration will continue to manage the Agency’s

facilities with an eye on reducing infrastructure, implementing efficiency and high performance upgrades,
and prioritizing repairs to achieve the greatest return on investment. In FY 2013 NASA continues to
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consolidate facilities to achieve greater operational efficiency, notably combining arc jet testing activities
at Ames Research Center and Johnson Space Center into one complete facility at Ames. NASA will
decommission and continue preparations to dispose of property and equipment no longer needed for
missions, including the mate/demate shuttle devices at Dryden Flight Research Facility and White Sands
Testing Facility. The Agency will also complete interim soil clean up at the Santa Susana Field
Laboratory, and publish environmental impact statements.
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NASA’S WORKFORCE

NASA’s workforce continues to be its greatest asset to enable its missions in space and on Earth. The
Agency remains committed to applying this asset to benefit society; address contemporary environmental
and social issues; lead or participate in emerging technology opportunities; collaborate and strengthen the
capabilities of commercial partners both large and small; and communicate the challenges and results of
Agency programs and activities. The civil service staffing levels proposed in the FY 2013 budget support
NASA'’s scientists, engineers, researchers, managers, technicians, educators, and business operations
workforce. It includes civil service personnel at all NASA Centers, Headquarters, and NASA-operated
facilities. The mix of skills and distribution of workforce across the Agency is, however, necessarily
changing.

NASA continues to adjust its workforce size and skills-mix to address changing mission priorities, a new
emphasis on industry and academic partnerships, and a leaner fiscal environment. While a civil service
workforce is critical for conducting mission-essential work in research and technology, some reduction to
workforce levels is necessary in response to the leaner fiscal environment at the Agency. NASA will
reduce the size of the civil service workforce by more than 250 full-time equivalents (FTE) from FY 2012
to FY 2013, stabilizing the workforce at just over 18,000 FTE. This decline addresses workforce at
several Centers affected by changes in the human space flight portfolio and takes into account a hiring
slowdown across most Centers in response to Agency budget reductions. It also reflects the planned end
of a temporary FTE increase granted in FY 2010 and FY 2011 to encourage early career hiring at Centers.

The Agency will apply the valued civil service workforce to priority mission work, adjusting skill mix
where appropriate. Centers will explore cross-mission retraining opportunities whenever possible,
continue offering targeted buyouts in selected surplus skill areas, and continue to identify, recruit and
retain employees who possess essential/critical skills and competencies.

A SINGLE HUMAN EXPLORATION AND OPERATIONS MISSION DIRECTORATE
LEVERAGES KNOWLEDGE ABOUT HUMAN SPACEFLIGHT

In 2011, NASA created the Human Exploration and Operations Mission Directorate (HEOMD) through a
merger of the Exploration Systems and Space Operations mission directorates. This new, integrated
organization is uniquely equipped to implement NASA’s human spaceflight goals to achieve a safe,
reliable, and affordable program that will sustain human space exploration efforts over the long term. The
new structure ensures that knowledge and lessons learned from Space Shuttle and ISS activities and
contracted operations services are embedded within the Agency’s forward-looking engineering design
and exploration capabilities development. Creation of a single human spaceflight organization also
provides the Agency with an integrated commercial transportation program for the ISS; simplified
external relationships with industry and international partners; and streamlined internal efforts among
NASA Centers for more efficient operations.

HEOMD manages both the Exploration and Space Operations budget accounts.
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OPERATING EFFICIENTLY AND MAXIMIZING PROGRAMMATIC FUNDS

NASA is undertaking several initiatives to improve operational and administrative efficiencies.
Highlighted below are several actions NASA plans to implement in FY 2013 to achieve targeted savings
of at least $200 million from FY 2010 levels. Savings in administrative and operational areas help offset
potential reductions to NASA’s science and engineering missions.

Continue compliance with Executive Order 13576, Delivering an Efficient, Effective and
Accountable Government, and Executive Order 13589, Promoting Efficient Spending.

NASA has targeted savings through reductions to travel and relocation, printing, advisory services, and
general supplies and materials. Examples of specific actions being taken to reduce FY 2013 costs include:

* Reducing instructor-led or other training with a high per participant cost. NASA will increase its
use of Web-enabled opportunities and, peer-to-peer sharing of experiences;

* Reducing non-mission critical face-to-face travel, increasing use of video conferencing and Web-
enabled technologies;

» Reducing color printing and copying;

» Centralizing and/ or consolidating procurement of items, such as supplies and materials;

» Increasing use of in-house advisory service capabilities in lieu of out-of-house capabilities, where
and when delays are acceptable; and

» Reducing baseline service levels commensurate with funding (e.g., longer processing/response
time, or less frequent occurrence, of certain services).

Purchase and management of IT devices.
In FY 2013, NASA is implementing several initiatives to reduce costs associated with IT devices,
specifically:

» Consolidating and integrating individual Center local help desks and ordering systems through
the Phase Il Enterprise Service Desk activity;

» Encouraging the use of employee-owned personal computers enabling employees to bring in their
personal computers instead of using Government-supplied equipment. This approach is made
possible by allowing personal computers to securely access NASA services; and

» Implementing a telephone replacement using a mixed mode strategy based on the nature of work
conducted by personnel. The mixed mode implementation allows replacement of desk phones
with a VolP implementation, use of cellular phones and smart phones, and cellular devices using
institutional and wireless connection to the internet.

In addition to the savings initiatives listed above to achieve at least $200 million in targeted
activities/functions, NASA has implemented the following actions to achieve additional
operational efficiencies:

Utility savings.
NASA is continuing to aggressively implement energy, water, and other utility cost savings in three ways:

» Improving efficiency. NASA is installing energy-efficient lighting, utilizing daylighting,
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retrofitting HVAC systems, improving metering and control systems, and unplugging unneeded
appliances and equipment;

» Consolidating energy-intensive operations. By re-configuring operations, NASA can reduce
operations costs; and

» Renegotiating utility contracts. NASA has been working with utility and energy service suppliers
to reduce the rates paid for utility services.

Right-sizing infrastructure.
The Agency continues to actively take steps towards right-sizing its infrastructure. This initiative has
reduced the number of active facilities, resulting in operational savings.

During these times of constrained Federal budgets, NASA leadership fully understands and appreciates

the need to reduce costs where appropriate. NASA is committed to continuing its efforts to promote
efficient spending and reduce operating and overhead costs.
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NASA presents the FY 2013 budget request in full-cost, where all project costs are allocated to the
project, including labor funding for the Agency’s civil service workforce. Note that budget figures in
tables may not add due to rounding.

OUTYEAR FUNDING ASSUMPTIONS

At this time, funding lines beyond FY 2013 should be considered notional. In general, NASA accounts
are held at their FY 2013 request level, adjusted for the amounts transferred to the construction account in
FY 2013.

NASA REQUESTS CONSTRUCTION OF FACILITIES IN ONE ACCOUNT

Per Congressional direction, NASA formulated the FY 2013 budget request to include programmatic
construction of facilities (CoF) in the Construction and Environmental Compliance and Remediation
(CECR) account. This eliminates the need for large-scale transfers of budget authority from the mission
accounts to CECR during program execution. NASA cannot estimate planning for future CoF
requirements in the notional outyears with certainty. Therefore, potential programmatic CoF requests for
the outyears remain included in the mission, and not CECR accounts. Programmatic CoF requirements
will be finalized annually, and CECR and mission budgets adjusted accordingly.

BUDGET TABLES ADJUSTED FOR COMPARABILITY

As requested by Congress in House Report 112-284, the FY 2011 actual and FY 2012 estimates have
been adjusted to display their budgets in a presentation that is “comparable” to the content of items
proposed in the FY 2013 budget. This presentation allows direct comparability of yearly budget data
associated with an investment, regardless of the account (or theme, program, etc.) in which it was or is
being executed in. When either FY 2011 actual or FY 2012 estimates have been adjusted to facilitate
comparability, an explanatory note is provided under the budget table. In addition, detailed crosswalks of
the non-comparable FY 2011 actual and FY 2012 estimates to their comparable amounts are provided in
the Supporting Data section of this volume.

Some adjustments of note for comparable presentation include:

* The FY 2011 programs under the Office of the Chief Technologist (OCT), which included
portions of the Exploration account’s Exploration Technology Development program, Space
Operations account’s Space Technology program, and the Cross Agency Support account’s
Innovative Partnership Program are comparably displayed as consolidated under the Space
Technology account. FY 2013 appropriations for the OCT’s programs are proposed under the
Space Technology account, consistent with its FY 2012 appropriation. Tables in the Space
Technology chapter explain how each of the FY 2011 OCT programs are comparably displayed.

* Inresponse to FY 2012 Congressional direction, the FY 2013 budget proposes Exploration
Ground Systems as a new program title under the Exploration account. Activities proposed for
EGS in the FY 2013 budget are comparable to exploration-related ground operations activities
performed under the Exploration account’s Space Launch Systems (SLS) and the Space
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Operations account 21CSLC programs during FY 2011 and FY 2012. In addition, the FY 2013
budget proposes to replace the Human Exploration Capabilities (HEC) theme in the Exploration
account with an Exploration Systems Development (ESD) theme. ESD includes the Orion Multi-
Purpose Crew Vehicle and Space Launch Systems program that compose HEC, and it also
includes EGS that is related to the SLS and 21CSLC programs. Detailed explanations are
provided in the Exploration chapter of this volume.

* Funding for JWST in FY 2013 funding is proposed under its own theme under the Science
account, as was provided in FY 2012 by Congress. For comparability, JWST FY 2011 funding
under the Astrophysics theme is now displayed under the JWST theme.

FY 2012 RESCISSION OF PRIOR YEAR APPROPRIATIONS

Section 528(f) under Title V of the Commerce, Justice, Science, and Related Agencies Appropriations
Act, 2012 (Division B of Public Law 112-55), rescinded $30 million in unobligated balances from
NASA'’s prior year appropriations. As displayed in the H.R. 2112 Conference Report (House Report
112-284), the rescission of these prior year balances offset the $17.80 billion provided in Title Il of the
Act to derive the NASA total FY 2012 appropriation of $17.77 billion. NASA proposed distribution of
the rescission amount across its accounts in its spending plan submitted to Congress on January 10, 2012.
Consequently, the FY 2012 estimates in budget tables show amounts “net” of the rescission allocation
proposed in the January 10, 2012 spending plan; furthermore, the amounts are adjusted for comparability.
For example, the prior year funds that were allocated for institutional construction of facilities, no matter
which account title they were rescinded from, are displayed against reductions against Institutional
Construction of Facilities under the Construction and Environmental Compliance and Restoration account
for comparability.
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FY 2013 BUDGET

Actual  Estimate Notional

Budget Authority (in $ millions) FY 2011 FY2012 FY2013 FY 2014 FY 2015 FY2016 FY 2017
FY 2013 President’s Budget Request 4919.7 50737 49112 49144 49144 49144 49144
Earth Science 17219 1,7605 1,7848 1,7756 18355 18262 1,772.8
Planetary Science 1,450.8 15014 1,192.3 1,133.7 1,102.0 1,1194  1,198.8
Astrophysics 631.1 672.7 659.4 703.0 693.7 708.9 710.2
James Webb Space Telescope 476.8 518.6 627.6 659.1 646.6 621.6 571.1
Heliophysics 639.2 620.5 647.0 643.0 636.7 638.3 661.6
Change From FY 2012 Estimate -- - -162.5

Percent Change From FY 2012 Estimate -- - -3.2%

From the vantage point of space NASA captures breath-
taking images of our world and the universe. These images
advance our scientific understanding in a multitude of
disciplines, but they also have the power to inform policy,
influence action, and inspire learning.

exploration, and intends to work with the science community and our international partners in the

formulation of new missions.

NASA’s Science Mission Directorate (SMD)
conducts scientific exploration enabled by the
use of space observatories and space probes that
view the Earth from space, observe and visit
other bodies in the solar system, and gaze out
into the galaxy and beyond. NASA’s science
program seeks answers to profound questions
that touch us all:

* How and why are Earth’s climate and
the environment changing?

* How and why does the Sun vary and
affect Earth and the rest of the solar
system?

* How do planets and life originate?

+ How does the universe work, and what
are its origin and destiny?

* Arewe alone?

EXPLANATION OF MAJOR CHANGES
FOR FY 2013

As NASA continues to pursue a robust Mars
exploration program, the Agency is adjusting the mission profile so that critical science objectives can be
achieved in a lean fiscal environment. The Agency continues to work towards defining future missions
that will build upon scientific discoveries from past missions and incorporate the lessons learned from
previous mission successes and failures. NASA remains committed to an ongoing Mars Exploration
program of robotic exploration missions in support of an integrated strategy of scientific and human
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Earth Science adjusted mission timelines and budgets to accommodate increasing launch vehicle costs
(for Soil Moisture Active Passive (SMAP), now scheduled to launch in FY 2015). The Agency continues
with the pre-formulation studies, formulation, and development of other decadal study and continuity
missions; however, several of these projects will be delayed. The planned launch vehicle for the Orbiting
Carbon Observatory (OCO)-2 satellite was the Taurus XL. Following the Taurus XL failure in March
2011 and the loss of NASA’s Glory mission, the contract for the Taurus XL was put on hold pending the
outcome of a failure investigation. As a result, the OCO-2 launch date will change.

NASA rebaselined the James Webb Space Telescope (JWST) project, making significant changes in the
management of JWST in 2011, in response to the poor cost and schedule performance and the
recommendations of the Independent Comprehensive Review Panel (ICRP) report.

ACHIEVEMENTS IN FY 2011

SMD launched three key missions in FY 2011: Agquarius, Juno, and Gravity Recovery and Interior
Laboratory (GRAIL). Aquarius will deliver global ocean salinity measurements to advance climate
studies. After its five-year journey, Juno will deliver data that will allow scientists to learn more about
Jupiter’s origins, structure, atmosphere and magnetosphere, and look for a potential solid planetary core.
The GRAIL mission will help scientists determine the structure of the lunar interior from crust to core,
and advance understanding of the thermal evolution of the Moon.

NASA also moved other critical missions on the path to launch, completing final preparations for the
Suomi NPOESS Preparatory Project (NPP) mission and the Mars Science Laboratory (MSL), both of
which were successfully launched in early FY 2012. Suomi NPP will provide for continuation of selected
climate data records and will become an integral part of the Nation’s operational meteorological satellite
system for weather prediction. After landing on August 6, 2012, the MSL Curiosity rover will assess the
habitability of Mars.

New evidence from the Mars Reconnaissance Orbiter (MRO) suggests flowing water on Mars. A new
sequence of images taken by MRO show “lineae,” narrow, dark streaks on steep slopes that appear and
incrementally grow during warm seasons and fade in cold seasons, indicating that they are formed by
liquid water moving down-slope whose origin is from a layer near the surface.

Science discoveries and applications of NASA-provided data are numerous and are detailed in
programmatic and project sections of this document.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

NASA is planning to launch several missions in FY 2013. The Landsat Data Continuity Mission
(LDCM), scheduled to launch in December 2012, will be the eighth in the series of Landsat satellites and
will observe and measure Earth’s continental and coastal landscapes. The Lunar Atmosphere and Dust
Environment Explorer (LADEE) will orbit the Moon to characterize the atmosphere and lunar dust
environment that is believed to be lofted above the surface at the sunrise or sundown on the moon.

NASA will continue making discoveries that change the way we view the Earth, our Sun, and the

universe. In FY 2013, NASA will begin obtaining data from 2011 Mars Science Laboratory (MSL).
Operating under its own power, the Curiosity rover will use its ten instruments to analyze the
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environment remotely, find targets of interest, take samples, and analyze them to assess whether or not
Mars could have sustained life.

Themes
EARTH SCIENCE

From space, NASA satellites can view Earth as a planet and enable its study as a complex, dynamic
system with diverse components: the oceans, atmosphere, continents, ice sheets, and life itself. The
Nation’s scientific community can thereby observe and track global-scale changes, connecting causes to
effects. They can study regional changes in their global context, as well as observe the role that human
civilization plays as a force of change. Through partnerships with agencies that maintain forecasting and
decision support systems, NASA improves national capabilities to predict climate, weather, and natural
hazards, manage resources, and craft environmental policy.

Budget Explanation
The FY 2013 request is $1,784.8 million. This represents a $24.3 million increase from the FY 2012
estimate ($1,760.5 million).

PLANETARY SCIENCE

NASA extends humankind’s virtual presence throughout the solar system via robotic space probes to
other planets and their moons, to asteroids and comets, and to the icy bodies of the outer solar system.
SMD is completing humankind’s first basic reconnaissance of the solar system by sending one mission to
fly by Pluto and another that will visit two planet-sized asteroids, Ceres and Vesta. SMD is also in the
midst of sustained investigation of Mars, launching a series of orbiters, landers, and rovers, with the long-
term goal eventual human exploration. In addition, SMD is focusing on certain moons of the giant planets
where current NASA missions 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.

Budget Explanation
The FY 2013 request is $1,192.3 million. This represents a $309.1 million decrease from the FY 2012
estimate ($1,501.4 million).

ASTROPHYSICS

Some of the greatest minds of the last century discovered wondrous things about the physical universe:
the Big Bang and black holes, dark matter and dark energy, and the interrelated nature of space and time.
Their theories challenge scientists and NASA to use observations from space to test the limits of our
understanding of fundamental physics. Having measured the age of the universe, the scientific community
now seeks to explore its ultimate extremes: its birth, the edges of space and time near black holes, and the
mysterious dark energy filling the entire universe. Scientists also seek to understand the relationship
between the smallest of subatomic particles and the vast expanse of the cosmos. With hundreds of planets
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around other stars now known, scientists are using current NASA missions in conjunction with ground-
based telescopes to seek Earth-like planets in other solar systems.

Budget Explanation
The FY 2013 request is $659.4 million. This represents a $13.3 million decrease from the FY 2012
estimate ($672.7 million).

JAMES WEBB SPACE TELESCOPE

JWST is a large, deployable, space-based infrared astronomical observatory. The mission is a logical
successor to the Hubble Space Telescope, 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 infrared light strongly, and where dust obscures shorter
wavelengths.

Budget Explanation
The FY 2013 request is $627.6 million. This represents a $109.0 million increase from the FY 2012
estimate ($518.6 million).

HELIOPHYSICS

The solar system is governed by the Sun, a main-sequence star midway through its life. The Sun’s
influence is wielded through its gravity, radiation, solar wind, and magnetic fields, all of which interact
with the gravity, fields and atmospheres of Earth to produce space weather. Using a fleet of sensors on
various spacecraft in Earth orbit and throughout the solar system, SMD seeks to understand how and why
the Sun varies, how Earth responds, and how human activities are affected. The science of heliophysics
enables the space weather predictions necessary to safeguard life and society on Earth and the outward
journeys of human and robotic explorers.

Budget Explanation
The FY 2013 request is $647.0 million. This represents a $26.5 million increase from the FY 2012
estimate ($620.5 million).
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Actual Estimate Notional
Budget Authority (in $ millions) FY2011 FY2012 FY2013 FY2014 FY2015 FY2016 FY 2017
FY 2013 President’s Budget Request 1,721.9 1,7605 1,7849 17755 18356 1,826.2 1,772.8
Earth Science Research 461.1 440.1 433.6 461.7 485.1 497.3 508.1
Earth Systematic Missions 841.2 881.1 886.0 787.6 813.2 835.6 756.4
Earth System Science Pathfinder 182.8 188.3 219.5 270.9 275.6 224.2 234.4
Earth Science Multi-Mission Operations 147.4 163.4 161.7 170.2 172.9 176.5 177.6
Earth Science Technology 52.8 51.2 495 50.1 52.1 54.1 56.1
Applied Sciences 36.6 36.4 34.6 35.0 36.7 384 40.1
EARTH SCIENCE RESEARCH ..vviiiiiiii i e, ES-2
EARTH SYSTEMATIC MISSIONS .....ccciiiiieiiiiiieenn, ES-11
Global Precipitation Measurement [Development] ES-14
LandSat Data Continuity Mission [Development] ES-21
Ice, Cloud, and Land Elevation Satellite [Formulation] ES-28
Soil Moisture Active and Passive [Formulation] ES-33
Other Missions and Data Analysis [Operations] ES-38
EARTH SYSTEM SCIENCE PATHFINDER ................ ES-46
Orbiting Carbon Observatory [Development] ES-48
Venture Class Missions ES-55
Other Missions and Data Analysis ES-60
EARTH SCIENCE MULTI-MISSION OPERATIONS ..... ES-65
EARTH SCIENCE TECHNOLOGY .viiviiiiiiiiiiiiiienen, ES-70
APPLIED SCIENCES ...ttt e e i e ES-75
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EARTH SCIENCE RESEARCH

FY 2013 BUDGET

Actual Estimate Notional
Budget Authority (in $ millions) FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 461.1 440.1 433.6 461.7 485.1 497.3 508.1
Earth Science Research and Analysis 299.0 332.3 324.3 327.8 336.4 343.7 347.9
Computing and Management 162.1 107.7 109.3 133.9 148.7 153.6 160.2
Change From FY 2012 Estimate - -- -6.5
Percent Change From FY 2012 Estimate -- -- -1.5%

Monthly groundwater storage anomalies for the

April 2006 through March 2010.

Sacramento and San Joaquin River Basins in millimeters
were measured by GRACE from October 2003 to March
2010. The straight sloping dark line represents the overall
trend in groundwater storage changes from the 78-month
period. These significant changes would not have been
measureable by any other means. The lighter gray lines
represent the trends from October 2003, March 2006, and

NASA Earth Science Research advances
understanding of the Earth system, its
components and their interactions, its changes,
and the consequences of these changes for life.
Earth Science Research sponsors basic
disciplinary and interdisciplinary research,
Earth system modeling efforts, the Airborne
Science project (which provides access to
aircraft and unmanned aircraft systems), and
supercomputing efforts supporting a variety of
programs, as well as education and outreach. At
least 90 percent of the funds of the program are
competitively awarded to investigators from
academia, the private sector, and NASA
Centers. The program uses satellite and airborne
measurements, coupled with cutting-edge
analyses and numerical models, to turn
observations into information and
understanding.

Earth system processes occur on a continuum of
spatial and temporal scales and affect weather,
climate, air quality, water resources,
biodiversity, and other environmental aspects.
The program pioneers the use of remote sensing

data, primarily space-based, in new and innovative ways, and leverages NASA’s unique capabilities in

global Earth observation.

NASA takes an organized approach to address complex, interdisciplinary Earth science problems,
integrating science across the programmatic elements in pursuit of a comprehensive understanding of the
Earth system. The resulting programmatic structure comprises six interdisciplinary and interrelated

science focus areas. These areas are:
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» Climate Variability and Change: understanding the roles of ocean, atmosphere, land, and ice in
the climate system and improving predictive capability for future evolution;

»  Atmospheric Composition: understanding and improving predictive capability for changes in the
ozone layer, climate forcing, and air quality associated with changes in atmospheric composition;

» Carbon Cycle and Ecosystems: quantifying, understanding and predicting changes in Earth’s
ecosystems and biogeochemical cycles, including the global carbon cycle, land cover, and
biodiversity;

» Water and Energy Cycle: quantifying the key reservoirs and fluxes in the global water cycle and
assessing water cycle change and water quality;

»  Weather: enabling improved predictive capability for weather and extreme weather events; and

» Earth Surface and Interior: characterizing the dynamics of the Earth surface and interior and
forming the scientific basis for the assessment and mitigation of natural hazards and response to
rare and extreme events.

The research portfolio includes the competed Interdisciplinary Science project, with a focus on research
in interdisciplinary areas. Present foci for the Interdisciplinary Science investigations include studies of
the physics of the ocean-ice shelf interface and the impacts of urbanization on the environment. The
research activities in the project also include the carbon cycle science team, and the Earth science
education and outreach activity, directed funding to NASA Centers for Space Geodesy (for development
and operation of essential, world-class geodetic networks), high-end computing and scientific computing,
and global modeling and data assimilation.

EXPLANATION OF MAJOR CHANGES FOR FY 2013

The revised budget allocations will result in slightly fewer grants to the research community (NASA
Centers, universities, private, public, and non-profit sector laboratories) for the analysis and interpretation
of data from satellites and field campaigns, as well as decreased effort by NASA investigators in
predictive modeling designed to help scientists understand the future evolution of the earth system and its
components.

ACHIEVEMENTS IN FY 2011

NASA researchers used data from ICESat’s Geoscience Laser Altimeter System and several other NASA
satellite data sets to create the most precise map ever produced depicting the amount and location of
carbon stored in Earth’s tropical forests. The results of this study provide a baseline for ongoing carbon
monitoring and research and will serve as a critical resource for managing the carbon in our environment.
The research examined information on the height of treetops from more than three million measurements.
With the help of corresponding ground data, the amount of above-ground biomass and, thus, the amount
of carbon in tropical forests was calculated. These data were then extrapolated over varying landscapes to
produce a seamless map, using NASA imagery from the Moderate Resolution Imaging Spectroradiometer
(MODIS) instrument on NASA’s Terra spacecraft, the QuikScat scatterometer satellite, and the Shuttle
Radar Topography Mission. The new map has provided a benchmark to be used for future comparison of
the distribution of carbon stored in forests across more than 75 tropical countries. It shows that the forests
in Latin America hold 49 percent of the carbon in the world’s tropical forests. For example, Brazil’s
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carbon stock, at 61 billion tons, almost equals all of the carbon stock in sub-Saharan Africa, at 62 billion
tons.

Precision gravity measurements from the GRACE mission were used to quantify unsustainable draw-
downs from underground freshwater aquifers. GRACE showed that the Sierra Nevada mountains
(California’s major water source) and California’s Central Valley (America’s fruit basket) are
experiencing significant rates of groundwater depletion. During the 2003 to 2010 time period studied, the
combined Sacramento-San Joaquin River Basins aquifers under the state’s Central Valley were drawn
down by 25 million acre-feet, almost enough to fill Lake Mead, the Nation’s largest freshwater reservoir.
The work has resonated across the country, renewing calls for enhanced groundwater management.

Using nine years of NASA satellite measurements of ocean surface temperature, tropical rainfall, and
terrestrial forest fire intensity and extent, NASA-funded investigators used the data from the Tropical
Rainfall Measuring Mission (TRMM) spacecraft and MODIS on the Terra spacecraft to develop a
predictive model relating South American fire season severity to ocean surface temperature anomalies.
South American fires are important, owing to their large contributions to global carbon emissions and
land-use change. The model enables forecasts of fire conditions with three to five month lead time. The
investigation showed that ocean temperature conditions in both the Atlantic and the Pacific contribute (in
different ways) to determining the year-to-year variations in fire season severity in South America. The
long-lead forecasts enabled by the NASA measurements and research are essential for advancing
effective mitigation and adaptation strategies.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

The FY 2013 budget request expands support initiated in FY 2011 and FY 2012 for investigators
participating in the National Climate Assessment required under the Global Change Research Act of
1990, including efforts in enabling tools, assessment capabilities and products, and contributing to
authorship of the 2013 assessment. NASA-supported investigators will be contributing to the
development of sustained assessment capability, as well as the completion of the 2013 report. A particular
focus of the research and analysis program in FY 2013 will be on analysis and interpretation of data taken
during a series of airborne and shipborne field campaigns taken during the 2010-2012 time period.
Several high impact research areas are the motivation and focus of these campaigns. These are:

* Improved understanding of hurricane development and forecasting for evacuation warnings from
the hurricane-focused Genesis and Rapid Intensification Processes (GRIP) campaign of late 2010;

» Understanding of the impact of climate change (natural and anthropogenic) on the
biogeochemistry and ecology of the Chukchi and Beaufort seas from the ship-based Impacts of
Climate change on the Eco-Systems and Chemistry of the Arctic Pacific Environment (ICEScape)
held in 2010 and 2011;

» The influence of Asian emissions on clouds, climate, and air quality and the role of the Asian
monsoon circulation in governing upper atmospheric composition and chemistry from the multi-
aircraft Southeast Asia Composition, Cloud, Climate Coupling Regional Study based in Thailand
in late 2012;

» Better understanding of the drivers of changes and fluctuations in salinity and how those changes
relate to an acceleration of the global water cycle and climate change based on the Salinity
Processes in the Upper Ocean Regional Study in the Atlantic Ocean in late 2012; and
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* The semi-annual IceBridge campaign, a NASA airborne mission to understand sea level rise and
changing sea ice cover. IceBridge begun in 2009, it continues the ICESat time series of ice
elevation measurements with Arctic campaigns in the spring and Antarctic in the fall. Finally
several airborne campaigns will be carried out as part of the Earth Venture-2 competitive
program, targeting a host of science questions such as air quality and carbon cycle science.

BUDGET EXPLANATION

The FY 2013 request is $433.6 million. This represents a $6.5 million decrease from the FY 2012
estimate ($440.1 million).

This decrease in the research and analysis program is due to the reallocation of funding based on Agency
priorities.

Projects
EARTH SCIENCE RESEARCH AND ANALYSIS

The Earth Science Research and Analysis collection of projects consists of multiple projects and science
teams:

Research and Analysis (R&A) is the core of the research program and funds the analysis and
interpretation of data from NASA'’s satellites, and the scientific activity needed to establish a rigorous
base for the satellite data and their use in computational models (for both assimilation and forecasting).
R&A also addresses the Earth system and the interactions between 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 supports NASA’s Earth science manned and unmanned aircraft, including operation of
a range of NASA-owned and leased aircraft. These assets are used worldwide in campaigns to investigate
extreme weather events (e.g., hurricanes), observe Earth system processes, obtain data for Earth science
modeling activities, and calibrate instruments flying aboard Earth science spacecraft.

Interdisciplinary Science includes science investigations and calibration and validation activities that
ensure the utility of space borne measurements. In addition, it supports focused field work (e.g., airborne
campaigns) and specific facility instruments that are heavily relied upon in field work.

Carbon Cycle Science funds research on the distribution and cycling of carbon among the Earth’s active
land, ocean, and atmospheric reservoirs.

The Global Modeling and Assimilation Office, located at GSFC, creates global climate and Earth system

component models using data from Earth science satellites and aircraft. Investigators can then use these
products worldwide to further their research.
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Ozone Trends Science produces a consistent, calibrated ozone time series that can be used for trend
analyses and other studies.

Education and Outreach supports NASA’s educational goals and communicates the results from Earth
science missions and research. It also continues the worldwide implementation and U.S. coordination of
the GLOBE program, which is an international collaboration of students and teachers from 111 countries
who collect and share information about the health of the environment.

Fellowships and New Investigators support graduate and early career research in the areas of Earth
system research and applied science.

Earth Science Directed Research and Technology funds the civil service staff that will work on emerging
Earth Science flight projects, instruments and research. The workforce and funding will transfer to
projects by the beginning of FY 2013.

Space Geodesy provides global geodetic positioning and support for geodetic reference frames necessary
for climate change and geohazards research and applications and their associated missions.

COMPUTING AND MANAGEMENT

To turn data into information and information into knowledge, NASA’s supercomputers are used to
analyze NASA satellite or telescope observations (e.g., understanding the cloud and climate feedback and
discovering exoplanets using Kepler data) and develop and validate fundamental theories (e.g. the
interactions between atmosphere, land and ocean).

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

High-End Computing Capability (HECC) is a project at ARC that is focused around the Columbia and
Pleiades supercomputer systems and the associated network connectivity, data storage, data analysis,
visualization, and application software support. SMD currently funds and manages HECC resources,
which serve the supercomputing needs of all NASA mission directorates and NASA-supported principal
investigators at universities. SMD funding supports the operation, maintenance, and upgrade of NASA’s
supercomputing capability, while the Strategic Capabilities Assets Program exercises oversight and
insight functions. The two systems, with a total of about 117,500 computer processor cores, support
NASA'’s aeronautics, human exploration, space operation, and science missions.

Scientific Computing funds NASA’s Earth Science Discover computing system, software engineering,
and user interface projects at GSFC, including climate assessment modeling carried out at the Goddard
Institute for Space Studies. Scientific Computing supports Earth science modeling activities based on data
collected by Earth science spacecraft. The system is separate from the HECC so it can be close to the
satellite data archives at GSFC. The proximity to the data and the focus on satellite data assimilation
makes the Discover cluster unique in the ability to analyze large volume of satellite data quickly. The
system currently has a total of about 31,400 computer processor cores.
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Directorate Support funds SMD institutional and cross-cutting activities, including: National Academies
studies, proposal peer review processes, printing and graphics, IT, the NASA Postdoctoral Fellowship
program, working group support, independent assessment studies, and other administrative tasks.

Program Schedule

The Earth Science research program is implemented via competitively selected research. Research
solicitations are released each year in the Research Opportunites in Space and Earth Sciences NASA
Research Announcements (ROSES NRA), typically aiming to initiate research for about one third of the
program, given the selected projects are typically three-year awards. Therefore, FY 2013 funds will be
allocated to first year projects from ROSES-2012 selections, second year of projects from ROSES-2011
selections, and third year of projects from FY 2010 selections.

ROSES-2012
solicitation
02/2012

v

—

A

ROSES-2012
selection within six-
nine months of
receipt of proposals
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Program Management & Commitments

The Earth Science theme manages the research program. GSFC implements scientific computing and
ARC implements HECC.

Project/Element

Provider

R&A

Provider: SMD
Project Management: HQ
NASA Center: HQ

Cost Share: US Global Change Research Program
(USGCRP) and Subcommittee on Ocean Science and

Technology (SOST) agencies

Interdiscip linary
Science

Provider: SMD

Project Management: HQ

NASA Center: HQ

Cost Share: USGCRP and SOST agencies

Carbon Cycle
Team

Provider: SMD

Project Management: HQ

NASA Center: GSFC, JPL, ARC

Cost Share: USGCRP and SOST agencies

Ozone Trends
Science

Provider: SMD

Project Management: HQ

NASA Center: GSFC, LaRC

Cost Share: USGCRP and SOST agencies

Airborne Science

Provider: SMD

Project Management: HQ

NASA Center: GSFC, DFRC, ARC

Cost Share: FAA, DOD, DOE, NSF, NOAA

High End Provider: SMD
Computing Project Management: HQ
Capability NASA Center: ARC
Cost Share: DoD, DOE
Scientific Provider: SMD
Computing Project Management: HQ

NASA Center. GSFC
Cost Share: DoD, DOE
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Project/Element

Provider

Global M odeling
and Assimilation
Office

Provider: SMD

Project Management: HQ
NASA Center: GSFC
Cost Share: N/A

Space Geodesy

Provider: SMD

Project Management: HQ
NASA Center: GSFC, JPL
Cost Share: N/A

ES Education and
Outreach Activity

Provider: SM D, intra-agency
Project Management: HQ
NASA Center: All

Cost Share: N/A

Fellowships and
New Investigators

Provider: SM D, intra-agency
Project Management: HQ
NASA Center: All

Cost Share: N/A

Acquisition Strategy

The R&A project constitutes the core of the NASA Earth Science Research program and accounts for

about half of its total budget. Investigations are primarily competed via the annual SMD ROSES

solicitations. ROSES-2012, planned for release in February 2012, will result in grants funded with FY
2013 funding and two subsequent years. The Earth Science Research program is based on full and open

competition, and at least 90 percent of the funds of the program are competitively awarded to

investigators from academia, the private sector, and NASA Centers. All proposals in response to NASA

ROSES and other related announcements are peer reviewed and selected based on defined criteria.
Additionally, the program continues the funding of research tasks solicited in prior year ROSES
solicitations as they progress into their subsequent years.
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INDEPENDENT REVIEWS

Review Type Performer

Last Review

Purpose/Outcome

Next Review

Relevance NASA Advisory
Council (NAC)
Earth Science
Subcommittee

(ESS)

2011

NAC ESS reviews progress towards
Earth Science objectives in the NASA
Strategic Plan annually. During its 2011
meeting, the ESS reviewed and rated the
Earth Science Division science metrics
based on submitted accomp lishments
and peer-reviewed publications for FY
2011 in support of reporting
requirements of the Government
Performance and Results Act (GPRA)
M odernization Act of 2010. All six
science focus areas were rated "green" as
documented in the FY 2011
Performance and Accountability Report.
The next review is scheduled for 2012.

2012
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EARTH SYSTEMATIC MISSIONS

FY 2013 BUDGET

Actual Estimate Notional

Budget Authority (in $ millions) FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 841.2 881.1 886.0 787.6 813.2 835.6 756.4
Global Precipitation Measurement (GPM) 133.6 92.9 88.0 66.2 19.1 18.1 10.2
Landsat Data Continuity Mission (LDCM) 166.0 159.3 54.7 2.1 2.1 2.2 2.3
:lcgECS';L_‘ﬂ’)a”d land Elevation Satellite 597 1205  157.2 1454 897 927 141
Soil Moisture Active and Passive (SM AP) 92.5 176.3 237.4 89.1 86.7 15.9 113
Other Missions and Data Analysis 389.5 332.0 348.7 484.7 615.7 706.7 718.5
Change From FY 2012 Estimate -- -- 4.9

Percent Change From FY 2012 Estimate -- - 0.6%

On August 27, 2011, Hurricane Irene's center was still
over eastern North Carolina. This visible image was
captured by the MODIS instrument on NASA's Aqua
satellite.

Earth Systematic Missions (ESM) includes a
broad range of multi-disciplinary science
investigations aimed at developing a scientific
understanding of the Earth system and its
response to natural and human-induced forces and
changes. Understanding these forces will help in
determining how to predict future changes,
possibly to mitigate them if possible, and how to
adapt where mitigation is not possible. The
regional consequences of these forces e.g.
changes in precipitation patterns, length of
growing seasons, severity of storms, change of sea
level, must be understood to determine which
aspects of climate change are most harmful and
how to adapt to those changes that cannot be
mitigated.

The ESM program develops Earth observing
research satellite missions, manages the operation
of NASA facility research missions once on orbit,
and produces standard mission products in
support of NASA and National research,
applications, and policy communities.

Interagency and international partnerships are a central element throughout the ESM program. Several of
the on-orbit missions provide data products in near-real time for use by U.S. and international
meteorological agencies and disaster responders. Five of the on-orbit missions involved significant
international or interagency collaboration in development, and a four satellite A-Train formation flying
constellation (Aqua, CloudSat, CALIPSO, and Aura) consists of both NASA and international missions.
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One of the six ESM program’s foundational missions presently in development involve interagency
collaboration (LDCM), while two others are joint projects with international partners: GPM is being done
in cooperation with the Japanese Aerospace Exploration Agency (JAXA) and the GRACE Follow On
(GRACE-FO) mission is a partnership between NASA and the German Space and Earth Science
agencies.

EXPLANATION OF MAJOR CHANGES FOR FY 2013

The program has adjusted the mission timelines and budgets to accommodate increasing launch vehicle
costs (for SMAP) and the reallocation of funding based on Agency priorities. The SMAP launch date and
funding profile is driven by launch vehicle availability and the current plan supports an early FY 2015
launch. The Agency continues with the pre-formulation studies, formulation, and development of other
Decadal and climate missions such as DESDynl, GRACE FO, SWOT, PACE, and on pre-formulation
studies for the OCO-3 instrument, CLARREO, ASCENDS, ACE, GEO-CAPE, and HypIRI. However,
several of these projects will be delayed, some by a year and others two or more years.

ACHIEVEMENTS IN FY 2011

LDCM made progress towards completing the development phase (Phase C) and beginning the
integration and test phase (Phase D). Progress toward completion of the spacecraft development
culminated with the Systems Integration Review (SIR) during the fourth quarter of FY 2011 in
preparation for instrument integration onto the LDCM observatory. Development and test of one of the
two main instruments, the Operational Land Imager (OLI), was completed in preparation for delivery and
integration onto the Observatory. The Thermal Infrared Sensor (TIRS) has completed development of the
instrument and began environmental testing during the fourth quarter of FY 2011.

The GPM GMI instrument Pre-Environmental Review was successfully completed and environmental
testing was initiated in the fourth quarter of FY2011. Additionally, the ground system-Precipitation
Processing System (PPS) Build 3 review was held, and a propulsion system integration to the Core
Observatory was completed.

SMAP successfully passed the Key Decision Point-B (KDP-B) review in January 2010, and is now in
Phase B of the mission. Phase B has a strong emphasis on risk reduction, and on requirements and
interface maturation. In FY2011 SMAP has completed the Preliminary Design Reviews for the flight
system, instrument and spacecraft in preparation for the mission system PDR.

Suomi NPP, formerly the NPOESS Preparatory Project or NPP, is the next spacecraft in the nation’s
future polar operational meteorological satellite systems. In FY 2011 all of the remaining instruments
were delivered to the spacecraft and Suomi NPP completed its Phase D assembly integration and test
activities in preparation for a launch in October 2011. Suomi NPP is a NASA research mission involving
a collaboration between NASA, NOAA, and DoD, designed to extend selected scientific data sets
initiated by the NASA Earth Observing System and to serve as risk reduction demonstrations for key
instruments to be used
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ICESat-2 successfully completed its Phase A activities and passed its KDP-B review. The spacecraft
vendor was selected in August 2011.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

NASA will complete environmental testing for LDCM and will deliver it to the launch site in early first
quarter FY 2013 in preparation for launch. The launch is currently scheduled for January 25, 2013 with an
initial 90-day on-orbit checkout and commissioning.

The GPM project will complete its GPM Core Observatory and complete the environmental testing.
NASA will prepare the core observatory for shipment to Japan for its launch.

In FY 2013, SMAP will pursue development and implementation activities and milestone reviews
targeting an estimated launch in October 2014. The project will also conduct the Systems Integration
Review.

In FY 2013, the ICESat-2 spacecraft will undergo its Critical Design Review (CDR). The SAGE Il
instrument will conduct its development phase C and complete the instrument CDR.

The GRACE FO mission will complete Phase B.

BUDGET EXPLANATION

The FY 2013 request is $886.0 million. This represents a $4.9 million increase from the FY 2012 estimate
($881.1 million).

This increase is primarily due to the ramp up of SMAP and ICESat-2 mission activities and launch
vehicles costs.

Projects

The six current flight missions in formulation or development contained in the ESM program are the
GPM, LDCM, ICESat-2, SMAP, SAGE IIl, and GRACE FO. Detailed information about each of the
projects is outlined separately.

Also included within the ESM program is a group of projects and activities collectively called “Other

Missions and Data Analysis.” This group includes many operating missions. Detailed information about
each of the projects is outlined separately.
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GLOBAL PRECIPITATION MEASUREMENT (GPM)

Development

FY 2013 BUDGET

Budget Authority Actual Estimate LCC
(in $ millions) Prior FY 2011 FY 2012 EY 2013 FY 2014 FY 2015 FY 2016 FY 2017| BTC  Total
FY 2013 President’s 5048 1336 929 880 662 191 181 102 00 9328
Budget Request
2012 MPAR Project 5048  133.6 929 880 662 191 181  10.2 00 9328
Cost Estimate — — — — — — — — I —
Formulation 349.2 0.0 0.0 0.0 0.0 0.0 0.0 0.0 00 3492
Development/ 155.6  133.6 929 880 445 3.2 15 0.0 00 5193
Implementation
Operations/close-out 0.0 0.0 0.0 0.0 21.6 15.9 16.6 10.2 0.0 64.3
Change From FY 2012

: - - 4.9
Estimate
Percent Change From FY ) ) 5.3
2012 Estimate 90

The upcoming Global Precipitation Measurement
mission (artist’s conception shown) will provide
improved measurements of rain and snow globally.
The data can reveal new information on hurricane
eyewall development and intensity changes, measure
hazard-triggering rainfall events contributing to
flooding and landslides, provide inputs to climate,
weather, and land surface models for improved
predictions, and offer new insights into agricultural
productivity and world health.

EXPLANATION OF MAJOR CHANGES
FOR FY 2013

In October 2011, GPM received approval for a
re-plan with a launch delay. This delay from July
2013 to June 2014 was due to development
delays of the NASA-developed spacecraft bus
and GPM Microwave Imager (GMI) and
development delays of the JAXA-supplied Dual-
frequency Precipitation Radar (DPR), due in part
to the impact of the March 2011 earthquake in
Japan.

PROJECT PURPOSE

The GPM mission will advance the measurement
of global precipitation, making possible high
spatial resolution precipitation measurements. A
joint mission with JAXA, GPM will provide the
first opportunity to calibrate measurements of
global precipitation (including the distribution,
amount, rate, and associated heat released)
across tropical, mid-latitude, and polar regions.
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The GPM mission has several scientific objectives:

» 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;

»  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;

» 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 Earth’s
atmosphere;

»  Advance numerical weather prediction skills through more accurate and frequent measurements
of instantaneous rain rates with better error characterizations, and the development of improved
data assimilation methods; and

» 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. Such innovation includes understanding
the quantitative nature and physical causes of differences in surface fluxes simulated by hydro-
meteorological models operating in different modes.

For more information see http://science.hg.nasa.gov/missions/earth.html.

PROJECT PARAMETERS

The NASA-provided element of the GPM project includes a Core Observatory spacecraft and a GMI. 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 Core Observatory includes two scientific instruments which will provide active and
passive microwave measurements of precipitation.

The GMI instrument is a conically scanning radiometer that will provide significantly improved spatial
resolution over the TRMM Microwave Imager. The satellites of opportunity will fly at multiple altitudes
and inclinations.

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

The Core Observatory with both the GMI and the DPR will be launched from Tanegashima Space Center,
Japan on a JAXA-provided HIIA launch vehicle. DPR and GMI data will be relayed using the TDRSS
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multiple access and single access services. 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 the
TRMM (which is 35 degrees).

Development

ACHIEVEMENTS IN FY 2011

During FY 2011, the GMI instrument Pre-Environmental Review was successfully completed.
Additionally, the ground system- PPS Build 3 review was held, and a propulsion system integration to the
Core Observatory was completed.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

NASA will complete the environmental testing for the core observatory and will be prepare it for

shipment to Japan for its launch.

SCHEDULE COMMITMENTS/KEY MILESTONES

Dewelopment Milestones |Confirmation Baseline [FY 2013 PB Request Date
Date

KDP-C Dec-09 Dec-09

KPD-D Mar-12 Mar-12

Launch Jul-13 Jun-14

End of Prime Mission Sep-16 Aug-17
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Project Schedule

KDP-C Launch
12/2009 06/2014

\ 4 \ 4
——————

A A

KDP-D End of Prime
03/2012 Mission
08/2017

Development Cost and Schedule

Due to the mission’s critical international partnership and the desire to maintain continuity of the
precipitation record established by the long-lived TRMM, NASA and JAXA will strive to launch GPM in
February 2014. The GPM project has been directed to execute all necessary actions to accomplish the
February 2014 launch. Consistent with NASA policies regarding commitments to cost and schedule, the
GPM launch shall be no later than June 2014.

Launch

Readiness

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic estimation
techniques and processes. The estimate above reflects the practices and policies at the time it was developed. Estimates that
include combined cost and schedule risks are denoted as joint confidence level; all other confidence levels reflect cost
confidence without necessarily factoring the potential impacts of schedule changes on cost.
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Development Cost Details (in $M)

Reductions in the Total, Payloads, Ground Systems, Science/Technology, and Other Direct Project Costs
lines are due to the elimination of the Low-Inclination Observatory GMI-2 instrument, associated TDRSS
communications subsystem, payload accommodation, ground system, and operations costs in 2012.
Increases in the Aircraft/Spacecraft and Systems I&T lines are due to spacecraft development issues and
the extension of integration and testing activities supporting the replanned launch readiness date.

Base Year Current Year

Development Development Change from Base
Element Cost Estimate Cost Estimate Year Estimate
TOTAL: 555.2 519.3 -35.9
Aircraft/Spacecraft 151.2 230.2 79.0
Payloads 91.2 83.1 -8.1
Systems I&T 6.8 11.7 4.9
Launch Vehicle 15 1.8 0.3
Ground Systems 30.5 29.4 -1.1
Science/Technology 28.4 28.0 -0.4
Other Direct Project Costs 245.6 135.0 -110.6

Project Management & Commitments

GSFC has project management responsibility. GPM, initiated by NASA and JAXA as a global successor
to TRMM, comprises a consortium of international space agencies, including Centre National d’Etudes
Spatiales (CNES), Indian Space Research Organization (ISRO), NOAA, European Organisation for the
Exploitation of Meterological Satellite (EUMETSAT), and others.
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Development

Project/Element |Provider Description FY 2012 PB |FY 2013 PB
Core Observatory |Provider: GSFC Provides platform for the Same Same
Project Management: GSFC GMI f"”d JAXA-supplied
NASA Center: GSEC DPR instruments.
Cost Share:
Core Observatory |Provider: GSFC Provides 13 microwave Same Same
GMI Project Management: GSFC channels ranging in frequency
NASA Center: GSFC from 1.0 GHz to 183 GHz;
four high frequency,
Cost Share: millimeter-wave, channels
Core Observatory |Provider: JAXA Provides cross-track swath  |Same Same
DPR PI'OjECt M anagement: JAXA widths of 245 and 120
kilometers, for the Ku
NASA Center: precipitation radar (KuPR)
Cost Share: JAXA and Ka-band precipitation
Launch vehicle and [Provider: JAXA H-11A Same Same
services Project Management:
NASA Center:
Cost Share: JAXA
Ground System Provider: GSFC Provides control of Core Same Same
Project M anagement: GSFC Observatory operations,
NASA Center- GSEC sc_:len_ce d_ata processing, and
distribution.
Cost Share: JAXA
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Project Risks

Risk Statement Mitigation

If: Instrument deliveries are further delayed, |Flexibility in integration and testing p lans allow schedule modifications to
Then: GPM integration and testing schedule |allow delivery delays. Implement extended shifts and weekend work to

reserve would be reduced. recover schedule.

Acquisition Strategy
MAJOR CONTRACTS/AWARDS

The GPM instrument was selected through open competition in FY 2005.

Element Vendor/Provider Location

GMI Ball Aerospace and Technologies Corp. |Boulder, CO
DPR JAXA provided

GPM Core Spacecraft GSFC Greenbelt, MD
Launch Vehicle JAXA provided

INDEPENDENT REVIEWS

Review Type Performer Last Review Purpose/Outcome Next Review
Performance SRB Dec-09 Systems Integration Review (SIR) Feb-12
Performance HQ and GSFC N\A Key Decision Point D (KDP-D) Mar-12
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FY 2013 BUDGET

Budget Authority Actual Estimate LCC
(in $ millions) Prior FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017| BTC Total
FY 2013 President’s 5412 1660 1593 547 2.1 2.1 2.2 23 13 9312
Budget Request
2012 MPAR Project 5412 1660  159.3 547 2.1 2.1 2.2 23 13 9312
Cost Estimate — i i i i i -
Formulation 341.4 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 341.4
Development/ 199.8 1660 1593  52.1 0.0 0.0 0.0 0.0 00 5772
Implementation
Operations/close-out 0.0 0.0 0.0 2.6 2.1 2.1 2.2 2.3 1.3 12.5
Change From FY 2012

. - - -104.6
Estimate
Percent Change From FY ) ) 65.7%
2012 Estimate o000

Landsat satellites have taken specialized digital
photographs of Earth’s continents and surrounding
coastal regions for over three decades. Landsat data
have been used to monitor water quality, glacier
recession, sea ice movement, invasive species
encroachment, coral reef health, land use change,
deforestation rates and population growth.
Observations from the Landsat satellites have also
helped to assess damage from natural disasters such
as fires, floods, and tsunamis, and subsequently, plan
disaster relief and flood control programs.

EXPLANATION OF MAJOR CHANGES
FOR FY 2013

The project has made excellent progress with
delivery of the Operational Land Imager (OLI) and
integration with the spacecraft as well as
completion of the Thermal InfraRed Sensor (TIRS)
environmental testing. The LDCM budget is
reduced by $10.4 million reflecting the retirement
of key cost risks associated with these
accomplishments.

PROJECT PURPOSE

The purpose of LDCM is to extend the record of
multi-spectral, moderate resolution Landsat-quality
data and to meet government operational and
scientific requirements for observing land use and
land change.

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,
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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 now available at no
cost, providing a unique resource for people who work in agriculture, geology, forestry, regional
planning, education, mapping, and global climate change research.

For more information, see: http://ldcm.nasa.gov.

PROJECT PARAMETERS

LDCM consists of a two science instruments (the Operational Land Imager and the Thermal Infrared
Sensor), a spacecraft, and a mission operations element. LDCM is in implementation and system level
requirements are baselined 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 (visible, near infrared, shortwave infrared), 120 meters (thermal);
15 meters (panchromatic);

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

» Data: 185-kilometer cross track-by-180-kilometer along track multi-spectral image of Earth’s
surface; and

» Mission Life: five years.

ACHIEVEMENTS IN FY 2011

In FY 2011, the LDCM project made progress towards completing the development phase (Phase C) and
beginning the integration and test phase (Phase D). Progress toward completion of the spacecraft
development culminated with the systems integration review in the fourth quarter of FY 2011 in
preparation for instrument integration onto the LDCM observatory. Development and test of one of the
two main instruments, the OLI, was completed in preparation for delivery and integration onto the
observatory. The project has completed development of TIRS and is currently in the environmental test
phase as of the fourth quarter of FY 2011.

KEY ACHIEVEMENTS PLANNED FOR FY 2013
NASA will complete the integration and test phase for the LDCM observatory in FY 2012 and deliver it

to the launch site in early FY 2013 in preparation for launch. The launch is currently scheduled for
January 25, 2013, with an initial 90-day on-orbit checkout and commissioning.
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SCHEDULE COMMITMENTS/KEY MILESTONES

Development Milestones |Confirmation Baseline |FY 2013 PB Request Date
Date

CDR Apr-10 Apr-10

ORR Sep-12 Sep-12

Launch Jun-13 Jun-13

Handover of Operations to Sep-13 Sep-13

USGS

Project Schedule

CDR Launch
04/2010 06/2013

v v

—

A A

ORR Handover of
09/2012 Operations to USGS
09/2013
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Development Cost and Schedule

The LDCM project has been directed to execute all necessary actions to accomplish the January 2013
launch. Consistent with NASA policies regarding commitments to cost and schedule, the LDCM launch
shall be no later than June 2013.

Launch
Readiness

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic estimation
techniques and processes. The estimate above reflects the practices and policies at the time it was developed. Estimates that
include combined cost and schedule risks are denoted as joint confidence level; all other confidence levels reflect cost
confidence without necessarily factoring the potential impacts of schedule changes on cost.

Development Cost Details (in $M)

The major change in the development cost was an exchange of responsibilities with USGS for the
development of the ground system, resulting in an increase in the ground systems development cost but
offset by a reduction in operations costs. Minor changes included increases for the development of the
two science instruments, increased support for systems integration and testing, and a redistribution of
project funds across the project elements.

TOTAL: 583.4 577.2 -6.2
Aircraft/Spacecraft 116.7 106.1 -10.6
Payloads 131.3 147.0 15.7
Systems 1&T 1.7 2.1 0.4
Launch Vehicle 126.4 128.1 1.7
Ground Systems 10.7 13.7 3.0
Science/T echnology 13.3 8.7 -4.6
Other Direct Project Costs 183.3 1715 -11.8
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Development

Project Management & Commitments

LDCM is being developed in cooperation with the USGS and managed by GSFC. When LDCM reaches
orbit and is deployed, operations responsibilities will be transferred to USGS.

NASA Center: GSFC
Cost Share: USGS

scheduling, long-term trending
and flight dynamics analysis.

Project/Element |Provider Description FY 2012 PB (FY 2013 PB
Operational Land |Provider: Ball Aerospace Provide moderate resolution, |Same Same
Imager Project M anagement: GSFC multi-channel, wide swath
NASA Center- GSEC visible |mag|rTg of Ear.th S
surface, consistent with
Cost Share: None previous LandSat missions.
Thermal Infrared  |Provider: GSFC Provide Landsat equivalent  |Same Same
Sensor Project M anagement: GSFC thermal infrared data and
xtend Landsat data series for
NASA Center: GSFC extend Landsat data series fo
three years.
Cost Share: None
Spacecraft Provider: Orhital Sciences Corporation |Platform to provide Same Same
Project Management: GSFC performance commensurate
ithOLland TIR
NASA Center: GSFC with OL1and TIRS
requirements.
Cost Share: None
Ground System Provider: USGS Provide Landsat equivalent  |Same Same
Project Management: USGS data series and extend Landsat
NASA Center: GSEC data for five years.
Cost Share: USGS
Mission Provider: Hammers Corp, Provide software and system |Same Same
Operations Project M anagement: GSFC for capability for command
Element and control, mission
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Project Risks

Risk Statement

Mitigation

If: TIRS development is behind schedule due
to late addition of sensor to the instrument
complement,

Then: TIRS will not be delivered on
schedule.

M anagement developed alternate observatory integration and test scenarios to
allow for late arrival of TIRS. A flyable mass model has been developed if
TIRS is not delivered per the required schedule.

Acquisition Strategy

The LDCM instrument builder was selected through open competition in FY 2007. The Ball Aerospace
and Technologies Corporation is building the OLI instrument. LDCM spacecraft uses the Rapid
Spacecraft Development Office (RSDO) selection process, and selected General Dynamics (now Orbital
Sciences Corporation). The TIRS instrument was a directed development, assigned to the GSFC and is

being built in-house at GSFC.

MAJOR CONTRACTS/AWARDS

Element Vendor/Provider Location

oLl Ball Aerospace and Technology, Corp. |Boulder, CO
TIRS GSFC Greenbelt, MD
Spacecraft Orbital Sciences Corporation Gilbert, AZ
Launch Vehicle ULA Centennial, CO
Mission Operations Element Hammers, Corp. Greenbelt, MD
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INDEPENDENT REVIEWS

Performance SRB N/A Operations Readiness Review Oct-12
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FY 2013 BUDGET
Actual Estimate
Budget Authority (in $ millions) Prior FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 87.2 59.7 1205 1572 1454 89.7 92.7 14.1
Change From FY 2012 Estimate -- -- 36.7
Percent Change From FY 2012 Estimate -- - 30.5%

PROJECT PURPOSE

ICESat-2 is the second-generation of the laser
altimeter ICESat mission, launched by NASA in
January 2003. ICESat-2 will continue the
measurements begun with the ICESat mission, but
will improve upon the first ICESat design by
incorporating a micro-pulse multi-beam laser to
provide dense cross-track sampling, improving
elevation estimates over inclined surfaces and very
rough (e.g., crevassed) areas and improving lead
detection for sea ice freeboard estimates. ICESat-2
is a Tier-1 decadal survey mission that entered
formulation in FY 2010 and is being developed for
a target launch in 2016.

Some of the key science objects are to:

e Quantify polar ice-sheet contributions to

ICESat-2, among other observations, will monitor current and recent sea-level change and the

polar ice levels that scientists believe to be an linkages to climate conditions;

indicator of climate change. ICESat-2 will use a ¢ Quantify regional signatures of ice-sheet
laser-ranging, light detection and ranging technique changes to assess mechanisms driving

to measure the topography of the Greenland and ; ; TPV
Antarctic ice sheets as well as the thickness of Arctic those change.s and improving predictive ice
and Antarctic sea ice. The satellite LIDAR also will She_et mOdeIS’_ . .

measure vegetation canopy heights and support other »  Estimate sea-ice thickness to examine
NASA environmental monitoring missions. ice/ocean/atmosphere exchanges of energy,

mass, and moisture; and
» Measure vegetation canopy height as a basis for estimating large-scale biomass and biomass
change.

For more information, see http://icesat.gsfc.nasa.gov/icesat2.
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EXPLANATION OF PROJECT CHANGES

Since entering the early formulation phase, the project has revised its launch vehicle implementation
approach and is now pursuing a co-manifested launch vehicle. The planned launch date range is April to
November 2016. The change in the launch date range has led to an increase of the estimated life cycle
cost.

PROJECT PRELIMINARY PARAMETERS

The ICESat-2 observatory employs a dedicated spacecraft with a multi-beam photon-counting surface
elevation lidar. It will be launched into a 495 kilometer, 94 degree, 91 day repeat orbit.

The ICESat-2 project is working toward a mature (Technology Readiness Level — 6) baseline instrument
concept in preparation for formal mission confirmation (KDP-C) at the end of FY 2012. This includes the
photon-counting approach to provide cross-track measurement capabilities. As part of this engineering
process, the project has used and will continue to use an airborne instrument to simulate the space-based
measurements to optimize the final instrument design and to develop algorithms. Based on cost and

schedule analysis of the ICESat-2 preliminary design, a baseline budget and launch readiness date will be
established at mission confirmation.

ACHIEVEMENTS IN FY 2011

In FY 2011, ICESat-2 successfully completed KDP-B. The spacecraft vendor was selected in August
2011. ICESat-2’s sensor successfully completed its instrument Preliminary Design Review (PDR) in
December 2011.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

In FY 2013, the spacecraft will undergo its Critical Design Review (CDR).

ESTIMATED PROJECT SCHEDULE

ICESat-2 is planned for launch within April to November 2016 for a three-year prime mission.
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Dewvelopment Milestones |Formulation Agreement [FY 2013 PB Request Date
Estimate

KDP-C Jul-12 Jul-12

KDP-D Dec-14 Dec-14

Launch Nov-16 Nov-16

Project Schedule

KDP-C Launch
07/2012 11/2016

v \4

—

A

KDP-D
12/2014

Formulation Estimated Life Cycle Cost Range and
Schedule Range Summary

LCC estimates are preliminary. A Baseline cost commitment does not occur until KDP-C, following a
Non-Advocate Review and/or Preliminary Design Review.

KDPB Date Estimated Life Cycle Cost |Key Milestone Key Milestone Estimated
Range ($M) Date Range
Jul-11 686-776 Launch Readiness 4/2016-11/2016
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Project Management & Commitments
GSFC has project management responsibility for ICESat-2.

Project/Element |[Provider Description FY 2012 PB | FY 2013 PB
Atlas Instrument  |Provider: GSFC Advanced Topographic Laser |TBD New
Project Management: GSFC Altimeter System

NASA Center: GSFC
Cost Share: N/A
Spacecraft Provider: Orbital Science Corporation |Provides platform for the TBD New
Project Management: GSFC instrument
NASA Center: GSFC
Cost Share: None

Ground System Provider: Orbital Science Corporation  |Provides control of N/A New
Project M anagement: GSFC Observatory operations,
NASA Center: GSEC S(_:len_ce d_ata processing, and
distribution.

Cost Share: None
Launch Vehicle Provider: TBD TBD Same Same
Project Management: TBD
NASA Center: KSC

Cost Share: TBD
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Project Risks

Risk Statement Mitigation

If: A dual manifest launch has been Continue to work with potential co-manifest partners to secure an agreement
baselined, for a shared launch. Develop off-ramps and options if dual manifest

Then: A delay or failure to secure a dual milestones are not achieved.

manifest agreement would force the project
outside the current planned budget.

Acquisition Strategy

The ICESat-2 lidar instrument will be designed and tested at GSFC using component procurements from
industry. The spacecraft vendor was competitively selected and the spacecraft bus will be procured via
RSDO. The mission operations element will be provided by the spacecraft vendor via a contract option.
The source and selection method for launch services will be determined during formulation.

MAJOR CONTRACTS/AWARDS

Element Vendor/Provider Location
Spacecraft Orbital Sciences Corporation Dulles, VA

INDEPENDENT REVIEWS

Review Type Performer Last Review Purpose/Outcome Next Review

Performance SRB New Preliminary Design Review Jun-12
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FY 2013 BUDGET
Actual Estimate
Budget Authority (in $ millions) Prior FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 210.8 92.5 176.3 2374 89.1 86.7 15.9 11.3
Change From FY 2012 Estimate - - 61.1
Percent Change From FY 2012 Estimate - - 34.7%

PROJECT PURPOSE

SMAP project is one of four first-tier missions
recommended by the National Academies. SMAP
data have both high science value and high
applications value. The accuracy, resolution, and
global coverage of SMAP soil moisture and
freeze/thaw measurements are unprecedented and
will enable new developments across many science
and applications disciplines including hydrology,
climate, carbon cycle, and the meteorological,
environmental and ecology applications
communities. The SMAP data, when assimilated into
existing and updated Earth system science models,
will lead to improved weather forecasts, flood and
SMAP has the potential to enable a diverse range of drouqht.fqrecaﬁs’ é.md predictions of agricul_tural
applications involving drought and flood estimation, productivity and climate change, as well as improved

agricultural productivity estimation, weather understanding of the sources and sinks of carbon.
forecasting, climate modeling, and other factors

affecting human health and security. For example, Future water resources are a critical societal impact
SMAP can benefit the emerging field of landscape P

epidemiology where direct observations of soil of climate change, and scientific understanding of
moisture can provide valuable information on vector how such change may affect water supply and food
population dynamics, such as identifying and production is crucial for policy makers. Current
mapping habitats for mosquitoes that spread malaria. | climate models’ uncertainties result in disagreement
on whether there will be more or less water
regionally compared to today. SMAP data will help
enable climate models to be brought into agreement on future trends in water resource availability. For
these reasons, the Committees Water Resources Panel gave SMAP the highest mission priority within its
field of interest.

SMAP will provide a capability for global mapping of soil moisture and freeze/thaw state with
unprecedented accuracy, resolution, and coverage. SMAP science objectives are to acquire space-based
hydrosphere state measurements over a three-year period to:
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» Understand processes that link the terrestrial water, energy and carbon cycles;
e Estimate global water and energy fluxes at the land surface;

»  Quantify net carbon flux in boreal landscapes;

* Enhance weather and climate forecast skill; and

» Develop improved flood prediction and drought monitoring capabilities.

For more information, see: http://smap.jpl.nasa.gov.

EXPLANATION OF PROJECT CHANGES

Potential launch vehicle cost increases have resulted in the need to increase the projects life cycle cost
estimate in FY 2013 to FY 2016.

PROJECT PRELIMINARY PARAMETERS

The SMAP observatory employs a dedicated spacecraft and will be launched into a near-polar, sun-
synchronous orbit on an expendable launch vehicle. The SMAP baseline instrument suite includes a
radiometer and synthetic aperture radar operating at L-band frequencies (1.215 to 1.427 gigahertz). The
instrument is designed to make coincident measurements of surface emission and backscatter, with the
ability to sense the soil conditions through moderate vegetation cover. The instrument measurements will
be analyzed to yield estimates of soil moisture and freeze/thaw state. The measurement swath width is
1000 kilometers, providing global coverage within three days at the equator and two days at boreal
latitudes (greater than 45 degrees North). Data 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.

The standing review board will assess the design plan and cost/schedule estimates. Life cycle costs will
be evaluated with respect to other Earth Systematic Missions and anticipated funding for FY 2013-1018.
A decision on SMAP movement to development phase is expected in FY 2012.

ACHIEVEMENTS IN FY 2011

SMAP successfully passed the KDP-B review in January 2010, and is now in the formulation phase of the
mission. The formulation phase emphasizes risk reduction and requirements and interface maturation.
SMAP has completed preliminary designs for the flight system, instrument and spacecraft. The project
has also built engineering models for most electronics systems and has initiated integrated tests of these
systems.
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KEY ACHIEVEMENTS PLANNED FOR FY 2013
In FY 2013, SMAP will pursue development and implementation activities and milestone reviews,

targeting an estimated launch in October, 2014. The project will also conduct the Systems Integration
Review.

ESTIMATED PROJECT SCHEDULE

SMAP is scheduled to launch in October, 2014 for a three year prime mission.

Formulation Milestones [Formulation Agreement [FY 2013 PB Request Date
Estimate

KDP-C May-12 May-12

KDP-D Apr-13 Apr-13

Launch Oct-14 Oct-14

Project Schedule

KDP-C Launch
05/2012 10/2014

v v

—

A

KDP-D
04/2013
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Formulation Estimated Life Cycle Cost Range and
Schedule Range Summary

Life cycle cost estimates are preliminary and considered internal planning/management numbers. A
baseline cost commitment does not occur until KDP-C.

KDPB Date Estimated Life Cycle Cost [Key Milestone Key Milestone Estimated
Range ($M) Date Range
Jan-10 872-926 Launch Readiness 10/2014-1/2015

Project Management & Commitments
JPL has project management responsibility for SMAP.

Project Element |Provider Description FY 2012 PB |FY 2013 PB
Spacecraft Provider: JPL Provides platform for the Same Same
Project M anagement: JPL instruments

NASA Center: JPL
Cost Share: N/A
L-Band SAR Provider: JPL Combined with Radiometer, |Same Same

Project Management: JPL provides soil moisture
NASA Center: JPL measurements in the top 5 cm

of soil through moderate

Cost Share: N/A vegetation cover
L-Band Radiometer |Provider: GSFC Combined with SAR provides | Same Same
Project M anagement: GSFC soil moisture measurements in

the top 5 cm of soil through

NASA Center: GSFC .
moderate vegetation cover

Cost Share: N/A
Launch Vehicle Provider: TBD TBD Same Same
Project Management: TBD
NASA Center: KSC

Cost Share: TBD
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Project Risks

Risk Statement Mitigation

If: launch service selection is not made, Project team is developing a strategy to preserve the observatory design and
Then: it prevents definition of project imp lementation schedule, while accommodating new Headquarters direction
baseline for KDP-C. for launch services selection approach and timetable.

Acquisition Strategy

The deployable antenna/boom and instrument spin assemblies will be procured through open competition.
The source and selection method for launch services will be determined later in formulation.

MAJOR CONTRACTS/AWARDS

None.

INDEPENDENT REVIEWS

Review Type Performer Last Review Purpose/Outcome Next Review
Performance Directorate New Successfully established an approach Apr-12
Program and timetable to achieve KDP-C.
M anagement

Council (DPMC)
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FY 2013 BUDGET
Actual  Estimate Notional

Budget Authority (in $ millions) FY 2011 FY 2012 FY 2013 FY 2014 FY2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 389.5 332.0 348.7 484.7 615.7 706.7 718.5
Earth Systematic Mission Research 7.3 11.2 9.1 9.1 9.3 9.5 9.6
Ocean Surface Topography Science Team 54 6.3 5.8 6.0 6.1 6.3 6.4
Earth Observations Systems Research 25.2 25.8 23.6 24.1 24.5 253 25.5
Quick Scatterometer 3.6 3.6 3.7 3.8 3.9 3.9 4.0
TRMM 9.2 9.8 10.2 10.2 10.4 10.7 5.1
Decadal Survey Missions 72.8 107.7 144.0 279.6 407.3 493.7 509.7
Earth Science Program Management 26.8 38.0 24.8 249 254 28.2 275
OST™M 0.9 11 1.2 1.2 12 1.2 12
Precipitation Science Team 6.5 7.2 7.2 7.2 7.4 7.5 7.7
Ocean Vector Winds Science Team 3.2 4.7 4.4 4.4 45 4.6 4.7
Land Cover Science Program Office 15 15 15 15 1.6 16 1.6
Glory Mission 12.9 0.0 0.0 0.0 0.0 0.0 0.0
Suomi NPP 101.9 8.7 7.0 7.0 6.7 6.3 6.3
Terra 335 316 32.4 319 325 32.6 331
Agua 325 322 33.0 33.0 342 35.0 35.4
Aura 29.7 28.3 27.1 26.8 21.7 28.4 28.7
ACRIMSat 13 13 13 13 14 1.4 14
SORCE 4.6 5.3 5.2 5.4 5.6 5.7 5.8
Jason 4.6 45 4.6 4.8 48 4.8 49
Earth Observing 1 25 24 25 25 13 0.0 0.0
ICESat 3.8 0.7 0.0 0.0 0.0 0.0 0.0
Change From FY 2012 Estimate - - 16.7

Percent Change From FY 2012 Estimate - - 5.0%
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ESM program provide critical, global earth
science data ranging from ozone, aerosols,
rainfall, ocean wave heights, winds, land and
ice cover, forest canopy density, and earth
radiation balance, etc. The ESM program
includes instrument and mission science teams
which define the scientific requirements for
their respective instruments, and generate the
algorithms used to process the data into useful
data products for the investigations. The science
teams are responsible for validating their own
algorithms and data products. The research
projects execute competitively selected ROSES
investigations that are related to specific
mission measurements.

The ESM program includes missions from the former
Earth Observing System (EOS) and the future Earth
Science Decadal Survey (ESDS) missions. The artist’s H H H
conception shows the complete armada of satellites, O p eratin g M ISSIoONS
current and future, that contribute to the program’s goals
of understanding the Earth as a system (its water-air-land
interactions).

There are 11 operating missions within the
ESM program. Each mission offers unique and
critical science to the global community. Except
for Suomi NPP, each of these missions is beyond its design life and has completed its prime operations
phase. For missions in extended operations, NASA conducts a biennial Senior Review to identify those
missions whose continued operation contributes cost-effectively to both NASA’s goals and the Nation’s
operational needs. Such a review was conducted in 2011, using a panel of senior scientists drawn from the
Earth Science community, and further supplemented by evaluations from partner agencies within the U.S.
Federal and state governments. The 2011 Senior Review endorsed the continuation of all missions.

EARTH SYSTEMATIC MISSIONS RESEARCH

Earth Systematic Missions Research funds science teams for the Earth Systematic missions, currently the
Suomi NPP mission. This is individual investigator competitively selected research to analyze data from
the missions to address related science questions. In particular, the Suomi NPP science investigations are
focused on developing climate data records from EOS observations continued by the NPOESS
operational observing system.

OCEAN SURFACE TOPOGRAPHY MIssION (OSTM)
OSTM, or Jason-2, measures sea surface height, enabling scientists to assess climate variability and
change and water and energy cycles. This mission is a follow-on to Jason, and recently completed its

prime operations phase in June 2011. OSTM is a joint mission with NOAA, CNES, and EUMETSAT.
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EARTH OBSERVATION SYSTEMS (EOS)

EOS Research funds science for the EOS missions, currently Terra, Aqua, Aura, ICESat, and Landsat
missions. These individual investigator, competitively selected research projects analyze data from the
missions to address related science questions. Some funded projects continue algorithm improvement and
validation for the EOS instrument data products, while overall the selected activities focus on science data
analyses and the development of Earth system data records including climate data records, relevant to
NASA'’s research program.

QUICK SCATTEROMETER (QUIKSCAT)

QUIkSCAT carries the SeaWinds instrument, originally designed to measure global radar backscatter and
ocean surface wind speed and direction under nearly all-weather conditions. Since the antenna stopped
rotating in 2009, several years past its design life, the sensor has become the ‘gold standard’ for cross-
calibration with other ocean wind scatterometers, enabling both the continuation of the high-quality ocean
winds dataset and the operational forecasts. The 2011 Senior Review specifically endorsed the
continuation of the mission with this cross-calibration objective.

TROPICAL RAINFALL MEASURING MissION (TRMM)

TRMM measures precipitation, clouds, and lightning over tropical and subtropical regions and extends
our knowledge about how the energy associated with rainfall interacts with other aspects of the global
climate. The TRMM sensor suite provides a three-dimensional map of storm structure, yielding
information on rain intensity and distribution. TRMM is a joint mission with Japan.

DECADAL SURVEY MISSIONS

Decadal Survey Missions contains missions recommended by the National Academies Earth Science
decadal study, as well as a variety of climate change missions. All the projects within this line are either
in early pre-Phase A early formulation work or still in the mission study phase. The current portfolio of
missions includes the OCO-3 instrument, SWOT, PACE, ASCENDS, GEO-CAPE, ACE, and HysplIRI. It
also contains funding for a potential Earth Radar Mission. While GRACE-FO and SAGE 111 have recently
transitioned into formulation, their budgets are still retained in this project.

EARTH SCIENCE PROGRAM MANAGEMENT (ES PM)

ES PM supports the Center Earth Science Project Offices program management including the ESM
Program Office at the GSFC, the Earth System Science Pathfinder (ESSP) Program Office at LaRC, and
the Earth Science Flight Project Office at JPL. ES PM also supports the GSFC Conjunction Assessment
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Risk Analysis function, which performs analysis regarding maneuvers required to avoid potential
collisions between instruments and to avoid debris; LaRC Committee on Earth Observation Satellites
(CEOS), which provides technical and management support to the international Earth Satellite planning
committee and facilitates the development of strategic space-based implementation plans using systems
engineering methods; and Independent Program and Assessment Office, which supports the various
project reviews for development projects in Earth Science.

OCEAN SURFACE TOPOGRAPHY SCIENCE TEAM

Ocean Surface Topography Science Team uses scientific data received from the OSTM and Jason
satellites, which measures global sea surface height. Previously this project was associated with the Earth
Systematic Missions area, wherein the OSTM mission is managed.

SuomI NATIONAL POLAR ORBITING PARTNERSHIP (Suoml NPP)

Suomi NPP extends selected scientific data sets initiated by the NASA Earth Observing System and
serves as risk reduction demonstrations for key instruments to be used in the nation’s future polar
operational meteorological satellite systems. Suomi NPP launched in October 2011 to ensure critical
continuity in the nation’s operational meteorological measurements from the afternoon orbit. The five
instruments on Suomi NPP will provide visible and infrared multi-spectral global imagery, atmospheric
temperature and moisture profiles, total ozone and stratospheric ozone profiles, and measurements of
Earth’s radiation balance. In addition to a wide range of applications studies, the NASA science focus
areas served by Suomi NPP will include: atmospheric composition climate variability and change carbon
cycle, ecosystems, and biogeochemistry water and energy cycles, and weather.

NASA renamed the project on January 24, 2012, honoring the late Verner E. Suomi, a meteorologist at
the University of Wisconsin who is recognized widely as "the father of satellite meteorology.” The
renaming also acknowledges the fact that the mission is the product of a partnership between NASA,
NOAA, DoD, the private sector, and academic researchers.

PRECIPITATION SCIENCE TEAM
Precipitation Science Team uses scientific data received from the TRMM satellite to improve the
forecasting of weather and severe storm events. Previously this project was associated with the Earth

Systematic Missions area wherein the TRMM is managed. This science team also supports development
of supporting algorithms for the GPM mission.
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OcCEAN VECTOR WINDS SCIENCE TEAM

Ocean Vector Winds Science Team uses scientific data received from the QuickSCAT satellite, which
measures ocean surface wind vectors by sensing ripples caused by winds near the ocean’s surface. From
these data, 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 QuikSCAT mission is managed.

THE LAND COVER PROJECT SCIENCE OFFICE (LCPSO)

GSFC works to maintain the science quality of satellite data used for land-cover/land-use change
research. The focus of this office is on the moderate-resolution (<100m) sensors such as Landsat, and ALI
and Hyperion on EO-1. They maintain over a 40-year calibration record for the Landsat-1 through
Landsat-7 series of satellites. The office also provides community software tools to make it easier for
users to work with moderate-resolution data. In collaboration with USGS, the Land cover Project Science
Office supports improvements in the Landsat-7 Long-term Acquisition Plan and provision of
preprocessed data sets for land-cover change analysis.

TERRA

Terra is one of the Earth Observing System flagship missions, carrying five instruments (MODIS, MISR,
CERES, MOPITT, ASTER). It enables a wide range of interdisciplinary studies of atmospheric
composition: carbon cycle, ecosystems, and biogeochemistry; climate variability and change; Earth’s
surface and interior; water and energy cycles; and weather. Terra is a joint mission with Japan and
Canada.

AQUA

Aqua is one of the Earth Observing System flagship missions, carrying six sensors (MODIS, AMSR-E,
CERES, and the AIRS/AMSU/HSB suite). Aqua improves our understanding of Earth’s water cycle and
the intricacies of the climate system by monitoring atmospheric, land, ocean, and ice variables. As part of
the “Afternoon Constellation,” Aqua is routinely evaluated as one of the most valuable of the Earth
Science missions. During FY 2011, the AMSR-E antenna rotation stopped and analysis is currently in
process to determine whether rotation can re-start. Aqua is a joint mission with Brazil and Japan.

AURA

Aura is the third of the Earth Observing System flagship missions, and carries four sensors, of which
three remain functional (MLS, OMI, and TES). The mission enables study of atmospheric composition,
climate variability and change, and weather, by measuring atmospheric chemical composition,
tropospheric/stratospheric exchange of energy and chemicals, chemistry-climate interactions, and air
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quality. Aura is also part of the “Afternoon Constellation,” or A-Train. Aura is a joint mission with the

Netherlands, Finland, and the United Kingdom.

ACTIVE CAVITY RADIOMETER IRRADIANCE MONITOR SATELLITE (ACRIMSAT)

ACRIMSat monitors total solar irradiance, contributing to assessments of climate variability and change.

SOLAR RADIATION AND CLIMATE EXPERIMENT (SORCE)

SORCE measures the total and spectral solar irradiance incident at the top of Earth’s atmosphere,
contributing to assessments of climate variability and change.

JASON

Jason makes precise measurements of ocean height to support the study of ocean circulation and sea level
rise. The Jason mission is a collaboration between NASA and the Centre National d’Etudes Spatiales

(CNES).

EARTH OBSERVING-1 (EO-1)

EO-1 allows paired scene comparisons of: carbon cycle, ecosystems, and biogeochemistry; and Earth
surface and interior. It supports the dual data collection system of the EO-1 Advanced Land Imager and

the Landsat-7 Enhanced Thematic Mapper Plus.

Recent Achievements
TERRA: HURRICANE KATIA

MODIS on NASA'’s Terra satellite captured this
natural-color image at 11:15 a.m. Atlantic Standard
Time on September 7. Hurricane Katia sports the
spiral shape and distinct eye typical of strong storms.
Data from instruments like MODIS are processed by
NASA’s Rapid Response system. Rapid Response
provides daily MODIS images in near real time
presented by geographic regions or orbit overpass
time. The Rapid Response team is also developing an

interactive Web Mapping Service that includes imagery from MODIS and other instruments.
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AQUA: MONITORING ARCTIC SEA ICE

Every year, the frozen Arctic Ocean emerges from winter
and thaws under the 24-hour light of the summer sun. Each
year is different: sometimes ice retreats from the shores in
dramatic fashion and other years have a more gradual melt;
2011 proved to be a year of extreme melt. By early
September, the area covered by sea ice in the Arctic Ocean
was approaching a record low. This image is the last of a
series of measurements taken by AMSR-E on NASA’s Aqua
satellite between March 7 and September 9. The image
shows the sea ice at its lowest point so far this season. Most
notably, the Northwest Passage, the sea route that threads
through the islands of northern Canada to link the Atlantic
and Pacific Oceans, is entirely ice free.

The last five years showed the lowest sea ice since records began in 1979, and according to climate
experts, much of that trend has been caused by climate change.

AURA: ASSESSING FIRE AND SMOKE

This image from the OMI instrument on the Aura
satellite shows nitrogen dioxide levels from July 7 to
12, 2011 in central Africa pertaining to agricultural
fires. The highest levels of NO, appear as a dark red
butterfly over the southern Democratic Republic of the
Congo. Detection of NO, is important because it reacts
with sunlight to create low-level ozone or smog and
poor air quality. Low-level ozone (smog) is hazardous
to the health of both plants and animals, and ozone in
association with particulate matter causes respiratory
problems in humans. Measurements like this help
scientists predict poor air conditions and implement
human safety countermeasures.
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TRMM: EARLY WEATHER WARNINGS

An array of passive microwave and active radar sensors on
the TRMM satellite are valuable tools for observing tropical
cyclones around the globe. TRMM captured this image of
the typhoon, Roke, as it was nearing the Japanese coast.
This image shows the horizontal pattern of rain intensity
within the storm. Rain rates in the center swath are based on
the TRMM Precipitation Radar , and those in the outer
swath on the TRMM Microwave Imager. The rain rates are
overlaid on visible and infrared data from the TRMM
Visible Infrared Scanner.

Operations

SuomMi NPP WEATHER FORECASTING

Suomi NPP successfully launched on October 28,
2011. Suomi NPP represents a critical first step in
building the next-generation Earth-observing satellite
system that will collect data on both long-term climate
change and short-term weather conditions.

Suomi NPP will extend and improve upon the Earth
system data records established by NASA’s EOS fleet
of satellites that have provided critical insights into the
dynamics of the entire Earth system: clouds, oceans,
vegetation, ice, solid Earth and atmosphere.
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FY 2013 BUDGET

Actual  Estimate Notional

Budget Authority (in $ millions) FY 2011 FY 2012 FY 2013 FY2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 182.8 188.3 219.5 270.9 275.6 224.2 234.4
0CO-2 89.0 98.4 75.3 57.9 454 16.0 4.0
Venture Class Missions 32.0 53.6 106.2 173.6 190.1 167.1 188.9
Other Missions and Data Analysis 61.7 36.3 38.0 39.4 40.1 411 415
Change From FY 2012 Estimate -- -- 31.2

Percent Change From FY 2012 Estimate - -- 16.6%

Distinguishing between pollution high in the
atmosphere and that near the surface where people
live and breathe is one of the most challenging
problems for Earth observations from space. An
Earth Venture-1 project, DISCOVER-AQ, where AQ
stands for air quality, is studying specific locations
known for exceeding air quality standards, such as the
Maryland-DC area shown. Instruments aboard
research aircraft are essentially measuring gaseous
and particulate pollution concentrations through a
slice of air about two miles thick. The data, which is
showing heavier concentrations toward the mid- to
lower- portion of the slice, will be used to understand
how satellites could make similar, consistent
measurements over time. Potential outcomes such as
better air quality forecasts and the ability to
determine pollutant sources will help society deal
more effectively with lingering pollution problems

Earth System Science Pathfinder (ESSP) provides an
innovative approach to Earth science research by
providing frequent, regular, competitively selected
opportunities that accommodate new and emerging
scientific priorities and measurement capabilities.
These opportunities represent a series of relatively
low-to-moderate cost, small-to-medium sized
missions. They are competitively selected, principle
investigator lead missions that focus on scientific
objectives to support a selected subset of studies of
the atmosphere, oceans, land surface, polar ice
regions, or solid Earth. Projects include development
and operation of space missions, space-based remote
sensing instruments for missions of opportunity, and
extended duration airborne science missions, and the
conduct of science research utilizing data from these
missions. ESSP projects include developmental,
high-risk, high-return Earth science missions and
often involve partnerships with other U.S. agencies
and/or with international science and space
organizations. This portfolio of missions and
investigations provides opportunity for investment in
innovative Earth science that enhances NASA’s
capability for better understanding the current state
of the Earth system and to enable continual
improvement in the prediction of future changes.
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EXPLANATION OF MAJOR CHANGES FOR FY 2013

The increase in the ESSP program line has been driven by the expected increase in the launch vehicle cost
for the OCO-2 mission, and the accompanying increase in the Project direct costs.

ACHIEVEMENTS IN FY 2011

All pre-flight operations were completed for Aquarius and the mission was launched in June 2011.
Aguarius completed its instrument and satellite checkout period and began science operations in August
2011.

The Earth Venture 2 Announcement of Opportunity was made in Spring 2011; winning selections will be
announced in early FY 2012.

All five Earth Venture 1 (EV-1) airborne science campaigns completed their confirmation reviews in
FY2011 and moved into science operations phase. DISCOVER-AQ conducted its first series of flights in
July 2011.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

In FY 2013, NASA will continue with results from all three legs of the Earth Venture line of competitive
opportunities:

» Continuing with the second year of science data from the EV-1 investigations;

» Continuing in the formulation phase of the EV-2 small mission, which will have been selected in
FY 2012;

» Evaluating and selecting winning proposal from the first EV-Instrument mission of opportunity;
and

» Developing and releasing the second sub-orbital Earth Venture call, EV-3.

BUDGET EXPLANATION

The FY 2013 request is $219.5 million. This represents a $31.2 million increase from the FY 2012
estimate ($188.3 million).

This is primarily due to the increase to Venture Class funding resulting from increased EV2 orbital and
EV-Instrument 1 suborbital activities, and additional funding for OCO-2 launch vehicle costs.
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FY 2013 BUDGET

Budget Authority Actual Estimate Notional LCC

(in $ millions) Prior FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017| BTC Total

FY 2013 President’s
Budget Request

Y2 PSR Brojedt 911 890 984 753 579 454 160 40| 00 4772
Formulation 60.9 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 60.9
Development/
Implementation
Operations/close-out 0.0 0.0 Under Review

Change From FY 2012
Estimate

Percent Change From FY
2012 Estimate

91.1 89.0 98.4 75.3 57.9 45.4 16.0 4.0 0.0 477.2

30.2 89.0 Under Review

-23.1

-23.5%

EXPLANATION OF MAJOR CHANGES FOR FY 2013

The planned launch vehicle for the OCO-2 satellite was the Taurus XL. Following the Taurus XL failure
in March 2011 and the loss of NASA’s Glory mission, NASA put the contract for the Taurus XL on hold
pending the outcome of a failure investigation. As a result, the planned OCO-2 launch readiness date will
be changed. SMD has allocated additional budget to the OCO-2 mission in anticipation that the launch
vehicle issues could delay the launch to 2015. The cost and schedule are currently under review.

PROJECT PURPOSE

Carbon dioxide is a critical component of the Earth’s atmosphere. Since the beginning of the industrial
age, the concentration of carbon dioxide has increased by about 38 percent. Scientific studies indicate that
carbon dioxide is one of several gases that trap heat near Earth’s surface. These gases are known as
greenhouse gases. Most scientists have concluded that substantial increases in the abundance of carbon
dioxide will generate an increase in the Earth’s surface temperature. Historical records provide evidence
of this trend, which is often called global warming (i.e., the overall increase Earth’s surface temperature
globally). Current research indicates that continuing increases in atmospheric carbon dioxide may modify
the environment in a variety of ways. Although Earth’s surface temperature may increase globally,
specific regions on Earth may be affected differently. These changes may impact ocean currents, the jet
stream, and rain patterns. Some parts of the Earth might actually cool while the average temperature
increases. The purpose of the OCO-2 mission is to monitor one source of this climate change, carbon
dioxide.

For more information see http://oco.jpl.nasa.qgov/.
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%%,

OCO-2 is designed to make space-based measurements
of atmospheric carbon dioxide (CO2), an important
greenhouse gas emitted by natural and man-made
sources. The global coverage, spatial resolution, and
accuracy of OCO-2 measurements will provide a basis
to characterize and monitor the geographic
distribution of where CO2 is emitted (sources) and
absorbed (sinks), and quantify their variability. The
gas is absorbed by the planet's oceans and plants, but
the mystery is that only about half of the CO2 that
doesn’'t remain in the atmosphere can be accounted for
by these sinks. Dubbed "'missing sinks," detection and
understanding of these unknown absorption processes
are a key target of observations.

PROJECT PARAMETERS

The OCO-2 spacecraft will carry three high-
resolution grating spectrometers and fly in the “A-
train” of Earth observing satellites. By using this
space-based platform, OCO-2 will collect high-
resolution measurements, which will provide a
greater spatial distribution map of carbon dioxide
over the entire globe. These measurements will be
combined with data from ground-based networks to
provide scientists with the information that they
need to better understand the processes that
regulate atmospheric carbon dioxide and its role in
the carbon cycle. This enhanced understanding is
essential for improving predictions of future
atmospheric carbon dioxide increases and its
impact on Earth’s climate. This information will
help policy makers and business leaders make
better decisions to ensure climate stability and
retain quality of life.

ACHIEVEMENTS IN FY 2011

In FY 2011 the OCO-2 project completed the
assembly of all instrument subsystems, as well as
most spacecraft subsystems. The project initiated
spacecraft integration in August 2011. OCO-2 also

initiated instrument integration in August 2011 and remains on schedule for instrument delivery in April

2012.

KEY ACHIEVEMENTS PLANNED FOR FY 2013

In FY 2013 the OCO-2 project will complete observatory integration and testing, and deliver the craft to
environmentally controlled stable storage in early FY 2013. It will stay in storage until some time prior to
the revised launch date, when it will be taken out for completion of environmental testing and readiness
for flight. The mission launch date will be defined when the launch vehicle is defined in FY 2012.
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SCHEDULE COMMITMENTS/KEY MILESTONES

Development

Development Milestones |Confirmation Baseline |FY 2013 PB Request Date
Date

KDP-C Sep-10 Same|

CDR Sep-10 Same|

Launch Feb-13 Under review

End of Prime Mission Jun-15 Launch + 27 months

Project Schedule

KDP-C
09/2010

\4

Launch
Under Review

\4

—

A A

CDR End of Prime
09/2010 Mission
Launch +27 months
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Development Cost and Schedule

With the delay associated with the new approach to the launch vehicle, NASA will have to revisit the
project plan and its associated costs and launch date.

under review Junder under
review review review

Note: The confidence level estimates reported reflect an evolving process as NASA improves its probabilistic estimation
techniques and processes. The estimate above reflects the practices and policies at the time it was developed. Estimates that
include combined cost and schedule risks are denoted as joint confidence level; all other confidence levels reflect cost
confidence without necessarily factoring the potential impacts of schedule changes on cost.

Development Cost Details (in $M)

TOTAL: under review under review|
Aircraft/Spacecraft 42.0 under review under review
Payloads 394 under review under review
Systems I&T 24 under review under review
Launch Vehicle 67.6 under review under review
Ground Systems 7.5 under review under review
Science/T echnology 10.0 under review under review
Other Direct Project Costs 80.1 under review under review
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Development

Project Management & Commitments

JPL has project management responsibility for OCO-2. OCO-2 was procured as a single source selection,
in order to maintain the same configuration as the previous mission, OCO.

Project Management: KSC
NASA Center: KSC
Cost Share partner: None

following failure of Glory
Taurus XL

Project/Element |Provider Description FY 2012 PB |FY 2013 PB
OCO-2 instrument |Provider: JPL Three channel, high-resolution | Same Same
Project Management: JPL grating Spectrometer
Cost Share partner: None absorptions from reflected
Spacecraft Provider: Orbital Provides platform for the Same Same
Project Management: JPL instrument.
NASA Center: JPL
Cost Share partner: None
Ground system Provider: Orbital Provides mission operations |Same Same
Project Management: JPL for satellite
NASA Center: JPL
Cost Share partner: None
Launch vehicle Provider: Under review Launch vehicle under review |Taurus XL Under review
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[ Formuiation ] Development [ Operations ]

Project Risks

Risk Statement Mitigation
If: Single string component failure, OCO-2 (based on the competed OCO design) was designed to have some
Then: Potential loss of mission. single string components. Thorough analyses and testing is being performed

to mitigate this risk as much as possible.

If: Suspension of Launch Vehicles activities, [OCO-2 launch vehicle activities have been suspended until completion of the
Glory Mishap Investigation. Based on the results of the investigation NASA

Then: Delay of launch; with a potential cost |~ S h
will make decisions on the OCO-2 launch vehicle.

increase.

Acquisition Strategy
MAJOR CONTRACTS/AWARDS

Element Vendor/Provider Location

Spacecraft Orbital Sciences Corporation Dulles, VA
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INDEPENDENT REVIEWS

Review Type Performer Last Review Purpose/Outcome Next Review

Performance SRB Aug-10 SIR/CDR will determine readiness to Feb-12
proceed to Observatory-level integration
and test.

Performance SRB N/A ORR/Determine readiness of project to [Nov-12
support mission operations prior to
launch.

Performance NASA HQ N/A FRR/Determine readiness of project to |Dec-12
proceed to launch.
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VENTURE CLASS MISSIONS

[ Formulaion | Development | Operations
FY 2013 BUDGET
Actual Estimate Notional
Budget Authority (in $ millions) Prior FY 2011 FY 2012 FY 2013 FY 2014 FY 2015 FY 2016 FY 2017
FY 2013 President’s Budget Request 6.3 32.0 53.6 1062 1736 1901 167.1 1889
Change From FY 2012 Estimate -- -- 52.6
Percent Change From FY 2012 Estimate -- - 98.1%

Carbon in Arctic Reservoirs Vulnerability Experiment
(CARVE) airborne observations over Alaska will be
integrated with data from strategically located ground-
based sites, as depicted in the artist concept. CARVE
science fills a critical gap in Earth science knowledge on
the fundamental elements of the complex Arctic
biological-climatologic-hydrologic system.

The Venture Class Missions consists of a series of
new science-driven, competitively selected, low
cost missions that will provide opportunity for
investment in innovative Earth science to enhance
our capability to better understand the current state
of the Earth system and to enable continual
improvement in the prediction of future changes.

NASA’s Venture Class Missions are a series of
uncoupled, relatively low-to-moderate cost, small
to medium-sized, competitively selected, full
orbital missions, instruments for orbital missions
of opportunity and sub-orbital projects.

Venture Class Missions have been established to
respond to recommendations in the Earth Science
and Applications from Space: National Imperatives
for the Next Decade and Beyond (The National
Academies Press, 2007) to initiate a series of
missions deemed "venture class". The Venture
Class Missions formulation activities have resulted
in a scientifically broad-reaching program element
that will solicit, through a series of frequent openly
competed solicitations, innovative research and
application missions that might address any area of
Earth science. Solicitations for competitive, peer-

refereed proposals will alternate between space-borne and airborne/suborbital opportunities.
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The current Ven