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The Budgetary Implications of
NASA’s Current Plans for
Space Exploration

Summary

In 2004, President Bush announced his “Vision for U.S. Space Exploration,” which
called for the National Aeronautics and Space Administration (NASA) to develop new
vehicles for spaceflight that would allow humans to return to the moon by 2020. In
response, NASA restructured its plans to achieve that objective, and in September
2004, the Congressional Budget Office (CBO) published a budgetary analysis of

NASA’s new plans.! This report updates that analysis, incorporating elements of
NASA’s plans that had not been established in 2004.

To meet the goal set by the President, NASA reduced its planned budgets supporting
science and research in aeronautics by more than 40 percent and made plans to com-
plete construction of the International Space Station and retire the space shuttle by
2010. Using about $100 billion of potential funding through 2020 made available by
those changes, NASA began developing new vehicles for human spaceflight in what
the agency calls its Constellation program. Two of those vehicles—the Ares 1 crew
launch vehicle and the Orion crew exploration vehicle—are to achieve “initial operat-
ing capability” by March 2015. At that point, the vehicles should be capable of carry-
ing a crew of astronauts to the International Space Station. NASA is also developing
additional vehicles and systems—including the Ares 5 cargo launch vehicle and the
Altair lunar lander—that are needed to return humans to the moon.?

According to NASA, its current plans will require an average of $19.1 billion of fund-
ing annually from 2010 through 2025, with the Constellation program accounting
for about half of the total by 2017. Under its current plans, the agency also intends to
conduct 79 new robotic science missions through 2025, requiring funding of

$4.7 billion annually, and to perform aeronautics research, at a cost of about

$460 million annually.

1. See Congressional Budget Office, A Budgetary Analysis of NASAs New Vision for Space Exploration
(September 2004).

2. See Congressional Budget Office, Alternatives for Future U.S. Space-Launch Capabilities (October
2006).


http://www.cbo.gov/doc.cfm?index=5772
http://www.cbo.gov/ftpdocs/76xx/doc7635/10-09-SpaceLaunch.pdf

Table 1.

Budgets and Schedules for NASA’s Plans and Alternative Scenarios

Average
Annual No. of
Funding, Science
2010 to 2025 Ares 1's Humans' Missions Space End of
(Billions of and Returnto Through  Shuttle's Support
2009 dollars) Orion'slOC the Moon 2025 Retirement for ISS
NASA's Plans 19.1 March 2020 79 September December
2015 2010 2015
Scenario 1:
Keep Funding Fixed and Allow Schedules
to Slip 19.1 Late 2023 64 September ~ December
2016 2010 2015
Scenario 2:
Execute NASA's Current Plans and Extend
Operation of the Shuttle and Space Station 23.8 March 2020 79 March December
2015 2015 2020
Scenario 3:
Achieve the Constellation Program's Schedule
and Allow the Science Schedule to Slip 21.1 March 2020 64 September December
2015 2010 2015
Scenario 4:
Absorb Cost Growth to Achieve Constellation's
Schedule by Reducing Funding for Science and
Aeronautics 19.1 March 2020 44 September December
2015 2010 2015

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year 2009 and data provided by
the National Aeronautics and Space Administration (NASA).

Notes: IOC = initial operating capability; ISS = International Space Station.

All scenarios incorporate cost growth for the affected programs that averages 50 percent, which is the amount that

occurred for 72 of NASA’s past programs.



CBO’s analysis considers four alternatives to NASA’s current plans, accounting for the

possibility of cost growth like what has happened in the past:

If NASA’s funding was maintained at $19.1 billion annually and the agency
realized cost growth in its programs consistent with the average for 72 of its past
programs, its planned schedules for spaceflight programs would be delayed. In
particular, the initial operating capability for Ares 1 and Orion would be pushed
to late 2016, the return of humans to the moon would slip to 2023, and 15 of 79
science missions would be delayed beyond 2025. The space shuttle would be
retired in 2010 and support for the International Space Station would end after
2015.

If NASA’s funding was increased to about $23.8 billion annually, the agency would
be able to meet its planned schedules notwithstanding cost growth consistent with
the average for its past programs. Furthermore, that increase in its budgets would
allow NASA to extend the operation of the space shuttle to 2015 and to support
the operation of the International Space Station to 2020.

Between those two alternatives, if NASA’s funding was increased to about

$21.1 billion annually, the agency would be able to meet its planned schedules for
the Constellation program even if cost growth was consistent with the average for
past programs. But that amount of funding would not permit NASA to fly the
space shuttle beyond 2010 or to support the space station beyond 2015. Moreover,
under this budgetary scenario, 15 of the planned science missions would be

delayed past 2025.

Finally, if NASA’s funding was maintained at $19.1 billion annually and the
agency reduced funding for science and research in aeronautics to cover cost
growth in the Constellation program, it could conduct 44 science missions

(35 fewer than planned) by 2025, and the cut to aecronautics research would be
more than one-third.

Table 1 encapsulates NASA’s plans and summarizes those scenarios.

NASA’s Current Plans

According to NASA, its plans for conducting human and robotic spaceflight and sup-

porting science and research in aeronautics from 2010 to 2025 will require funding
averaging $19.1 billion annually.®> About 80 percent of the funding for NASA’s activi-
ties is distributed across the agency’s four mission directorates: Exploration Systems,
Space Operations, Science, and Aeronautics Research. The remaining 20 percent is in

Information on NASA's plans for 2009 to 2013 comes from Budget of the United States Government,
Fiscal Year 2009 and for the period beyond 2013, from data provided by the agency. NASA
assumes an inflation rate of 2.4 percent each year beyond 2013, compared with CBO’s assumption
of 1.9 percent. At that lower rate, NASA would realize a slight increase in its budget in real (infla-
tion-adjusted) terms.



Figure 1.

Projected Funding for NASA’s Plans

(Billions of 2009 dollars)
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Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: NASA received stimulus funding in February 2009 under the American Recovery and
Reinvestment Act.

accounts funding cross-agency support, education, and its inspector general (see

Figure 1 and Table 2).

NASA plans to more than double the annual budget for the Exploration Systems mis-
sion directorate between 2010 and 2025, from $3.7 billion to over $10 billion. More
than 90 percent of the directorate’s budget will be devoted to the Constellation pro-
gram—to develop and then operate new human exploration vehicles, including the
Ares 1 crew launch vehicle, Orion crew exploration vehicle, Ares 5 cargo launch vehi-
cle, and Altair lunar lander.* NASA’s current plans provide for the initial operating
capability of Ares 1 and Orion by March 2015, at which point those vehicles will be
able to conduct missions to the International Space Station. The agency also plans to
complete development of the Ares 5 cargo launch vehicle and Altair lunar lander in
time to return humans to the moon in 2020.

In conjunction with increases in funding for the Constellation program, NASA plans
substantial decreases in the annual budgets for the Space Operations mission director-
ate. Between 2010 and 2025, the agency plans to decrease annual funding for the

directorate from $5.8 billion to $0.7 billion. Through that directorate, NASA pays for

4. At some point, NASA plans to shift funding for operation of the Constellation program’s vehicles
to the Space Operations mission directorate, but the agency has not yet stated when that change
will occur.



Table 2.

Projected Average Annual Funding for NASA’s Plans
(Billions of 2009 dollars)

2010- 2014- 2018- 2022- 2010-

Directorate or Function 2013 2017 2021 2025 2025
Exploration Systems 6.2 8.5 9.8 10.0 8.7
Space Operations 3.6 1.8 0.7 0.7 1.7
Science 45 4.7 4.8 49 4.7
Aeronautics Research 0.4 0.5 0.5 0.5 0.5
Cross-Agency Support, Education, and IG 35 3.6 3.7 3.8 3.6

Total 18.2 19.1 19.5 19.8 19.1

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Notes: IG = inspector general.

the operation of the space shuttle and the International Space Station along with asso-
ciated support activities. According to the agency’s plans, the space shuttle will be
retired in September 2010, once construction of the space station is complete, freeing
up funds that will be shifted to the Constellation program. In addition, according to
plans, funding for the space station’s operations will cease after December 2015, free-
ing up additional funds to shift to the Constellation program.6

For the Science directorate and the Aeronautics Research directorate, NASA intends
essentially constant annual budgets from 2010 to 2025, at $4.7 billion and $460 mil-
lion, respectively. The Science directorate develops hardware for and carries out
robotic missions in four primary areas: earth science, planetary science, astrophysics,
and heliophysics. Through 2025, NASA intends to conduct 79 such missions investi-
gating the Earth, the solar system, the universe, and the sun, along with performing
other science-related research activities in areas such as weather and climate change.
The Aeronautics Research directorate performs its work in four categories: aviation
safety, airspace systems, fundamental aeronautics, and aeronautics testing. (Figure 2
summarizes NASA’s plans.)”

5. NASA could decide to forgo any planned missions for the space shuttle that are not completed by
September 30, 2010, in order to avoid using funds intended for the Constellation program and
causing delays for it. See Congressional Budget Office, “An Analysis of NASA’s Plans for Continu-
ing Human Spaceflight After Retiring the Space Shuttle,” letter to the Honorable Dave Weldon,
M.D. (November 3, 2008).

6. NASA’s current plans do not preclude operation of the space station in 2016 and beyond should
additional funding be made available.

7. The current version of NASA’s plans can be found at www.nasa.gov/offices/pae/references/
index.html.


http://www.cbo.gov/doc.cfm?index=9886
http://www.nasa.gov/offices/pae/references/index.html.
http://www.nasa.gov/offices/pae/references/index.html.

Figure 2.
Projected Schedules for NASA’s Plans

Directorate 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Exploration

Systems Ares 1’s and Orion’s 10C I Return to the Moon

Space

Operations Space Shuttle’s Retirement End of Support for|ISS

Science
Number of
Planned 12 7 3 5 5 7 6 5 6 3 6 3 6 2 5 4 3 3
Missions

Source: Congressional Budget Office based on data provided by the National Aeronautics and
Space Administration (NASA).

Note: IOC =initial operating capability; ISS = International Space Station.

NASA also intends essentially constant annual budgets from 2010 to 2025 for cross-
agency support activities ($3.5 billion), education ($120 million), and its inspector
general ($39 million). The accounts for cross-agency support provide funding for the
agency’s management and operations and its nine field research and spaceflight cen-
ters throughout the United States, as well as maintenance of NASA’s infrastructure.

In February 2009, NASA received an additional $1 billion in funding under the
American Recovery and Reinvestment Act. The legislation directed the agency to use
the funding for exploration ($400 million), science ($400 million), aeronautics
research ($150 million), and cross-agency support ($50 million).8

Expected Cost Growth in NASA’s Programs and

Alternative Scenarios

On the basis of the cost growth that has occurred in the past, CBO’s analysis indicates
that the costs of NASA’s development programs could grow by 50 percent, on average.
That analysis examined the performance of 72 of the agency’s past programs—G65 per-
cent of which experienced less than 50 percent cost growth and 35 percent of which
experienced more (see Box 1).? NASA’s budgetary plans include reserves in the
agency’s development programs that would allow cost growth of about 25 percent to
be accommodated.!? Because of the likelihood that NASA will not meets its planned
schedules if funded at its current level, CBO considered four alternative scenarios.
Under those scenarios, CBO estimated what would happen to the schedules given the

8. The appendix to this report provides more details of NASA’s plans, by directorate and function.
9. See Congressional Budget Office, A Budgetary Analysis of NASAs New Vision for Space Exploration.

10. NASA’s current planning process requires sufficient funding so that programs can be conducted
with a 65 percent level of confidence, and agency officials suggest that that approach should pre-
vent cost growth like what has occurred in past programs.


http://www.cbo.gov/doc.cfm?index=5772

Box 1.

Growth in the Costs of NASA’s Past Programs

The Congressional Budget Office (CBO) based its projections of cost growth
for the National Aeronautics and Space Administration’s (NASA’s) develop-
ment programs on an analysis of the agency’s past programs. In the 2004 study
that this paper updates, CBO analyzed 72 of NASA’s programs.! Using the
earliest available estimate generated by NASA for a program’s cost and the pro-
gram’s final actual cost, CBO computed the percentage cost growth (adjusted
for inflation) that each program realized. The range for the 72 programs
spanned a low of a 25 percent cost reduction to a high of more than 250 per-
cent cost growth (see the figure). The average cost growth for the 72 programs
all together was about 50 percent—with 65 percent of them below that
amount and 35 percent above—and 20 percent of the projects experienced
cost growth of 90 percent or more.

Cost Growth for 72 of NASA’s Programs
(Percentage of cost growth)

300

250
200
150
100
50
0

-50 | | | | | |
0 10 20 30 40 50 60 70 80 20 100
Percentage of Programs Analyzed

Source: Congressional Budget Office.

1. See Congressional Budget Office, A Budgetary Analysis of NASA's New Vision for Space
Exploration (September 2004).

current funding and what amounts of additional funding would be required to
accomplish all of the plans on schedule and to accomplish some of them.

Scenario 1: Keep Funding Fixed and Allow Schedules to Slip

If funding remained fixed, cost growth in NASAs spaceflight programs would cause
planned schedules to be delayed. Cost growth averaging 50 percent would be about
twice the planned reserves, and delays would occur if the agency did not seek and


http://www.cbo.gov/doc.cfm?index=5772

Figure 3.

Effects on NASA’s Plans Under Scenario 1: Keep Funding
Fixed and Allow Schedules to Slip

Directorate 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

<
> |

Exploration —
Systems Ares|1’s and Orion’s 10C Humans’ Return to the Mpon

Space v

Operations Space Shuttle’s Retirement End |of Support for|ISS

Science

Number of
Planned 12 7 3 5 5 7 6 5 6 3 6 3 6 2 5 4 3 3
Missions

Number of

Missions 12 5 3 4 | 4 4 | 5 5 4 3 5 3 4 2 4 | 4 3 2
Under

Scenario 1

Cumulative ~ _
Reduction 2 2

Source: Congressional Budget Office based on data provided by the National Aeronautics and
Space Administration (NASA).

Notes: IOC =initial operating capability; ISS = International Space Station.

The scenario incorporates cost growth that averages 50 percent, which is the amount that
occurred for 72 of NASA’s past programs.

receive additional funding from the Congress. By CBO’s projections, with such cost
growth and fixed annual budgets for the Constellation program, the initial operating
capability for Ares 1 and Orion would be delayed from March 2015 to late 2016, and
the first mission to return humans to the moon would be delayed from 2020 to 2023
(see Figure 3). CBO derived those estimates by factoring in historical cost growth and
then gauging when annual budgets would provide sufficient funding. If the programs
experienced greater cost growth, their milestones would be delayed even more. Some
of NASA’s ongoing programs, such as the Mars Science Laboratory, have already expe-
rienced cost growth greater than 50 percent.!!

If funding remained fixed and historical cost growth occurred for NASA’s science mis-
sions, 15 fewer such missions could occur through 2025 than what NASA has
planned. CBO derived that estimate by applying 50 percent cost growth to the

11. Although the Mars Science Laboratory was initially classified as a “medium” mission (that is, with a
range of costs from $300 million to $750 million) costing more than $650 million, NASA’s first
formal baseline estimate for the project, provided in August 2006 as part of the preliminary design
process, was $1.63 billion. The project is now estimated to cost more than $2 billion, and its
launch has been delayed from 2009 to 2011, requiring an additional $200 million of funding
annually in 2010 and 201 1. Formal baseline estimates for the Constellation program’s Ares 1 and
Orion have not yet been completed.



72 percent of the Science mission directorate’s budget that is used to develop hard-

. .. 12
ware fOI' science missions.

CBO did not project cost growth in the Space Operations and Aeronautics Research
directorates because the development of new spacecraft and other hardware is not

a major part of the activities funded through those directorates. Finally, for this sce-
nario, CBO assumed that NASA would forgo any missions on the space shuttle’s
launch manifest that did not occur by the September 30, 2010.

Scenario 2: Execute NASA’s Current Plans and Extend Operation of the
Shuttle and Space Station

In analyzing NASA’s plans, CBO estimated the additional funding that would be
required under a scenario that addresses cost growth in development programs con-
ducted within the agency’s Exploration Systems and Science mission directorates and
that funds changes to NASA’s plans that various industry experts have discussed. The
changes that CBO considered include extending the operation of the space shuttle to
2015 to eliminate the gap between its retirement and the availability of Ares 1 and
Orion; extending support for the International Space Station by five years, allowing
its continued use for experimentation, to December 2020; and fully funding invest-
ments in infrastructure, allowing NASA to perform the full amount of maintenance
that the agency states is needed for its facilities. To cover all of the additional activities
considered, NASA would require, by CBO’s estimates, annual budgets averaging
about $23.8 billion, or about 25 percent more than under its current plans (see
Figure 4).

In particular, cost growth for the spacecraft developed under the Constellation pro-
gram within the Exploration Systems mission directorate would require additional
funding of about $1.0 billion in 2010 and amounts rising to about $2.7 billion by
2020, CBO estimates. Those estimates assume that the development programs in the
Constellation program would experience average cost growth of 50 percent and that it
would be partially addressed by the 25 percent reserve funds that NASA says are
included in planned budgets. Similarly, cost growth for spacecraft development pro-

grams conducted by the Science mission directorate would require additional funding
of about $700 million annually between 2010 and 2025, CBO projects.'?

12. NASA officials indicate that an alternative to conducting fewer missions to accommodate cost
growth would be to fly the same number of missions but reduce their capabilities and associated
costs. Such reduced capabilities might be a smaller number of sensors or a stationary probe instead
of a rover. Decisions to bring about such cost reductions would be most effective if made before a
program was initiated instead of after costs had already been incurred to develop capabilities that
would eventually be eliminated.

13. Although not considered in this scenario, the additional funding required from 2010 to 2025 (after
reserves were exhausted) to accommodate 90 percent cost growth would be about $4.6 billion
annually for the Constellation program and $1.8 billion annually for the spacecraft development
programs conducted by the Science directorate, CBO projects. Among NASA’s past missions that
CBO analyzed, 80 percent had less than 90 percent cost growth, and 20 percent had more.



Figure 4.

Projected Funding Under Scenario 2: Execute NASA’s
Current Plans and Extend Operation of the Shuttle and
Space Station

(Billions of 2009 dollars)
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Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: NASA received stimulus funding in February 2009 under the American Recovery and
Reinvestment Act.

a. Under this scenario, NASA’s support for the International Space Station (ISS) would extend
until 2020.

CBO’s projections for this scenario also include annual funding of about $2.5 billion
for activities not included in NASA’s current plans. In particular, there has been dis-
cussion (in the press and by observers of the U.S. space program) of extending the
space shuttle’s operations to 2015 to eliminate the gap in the United States ability to
conduct human spaceflight between the shuttle’s retirement and the initial operating
capability of Ares 1 and Orion. CBO projects, on the basis of data provided by
NASA, that the agency would require an additional $3.3 billion annually from 2011
to 2015 to fly the space shuttle to the International Space Station three times each
year. (Any missions currently on the space shuttle’s launch manifest that were not con-
ducted by September 30, 2010, probably would be the first of those missions.) Under
this scenario, once the Ares 1 and Orion vehicles achieved their initial operating capa-
bility in 2015, the space shuttle would be retired without a gap in NASA’s capability

to conduct human spaceflight (see Figure 5).14

14. According to NASA officials, under this scenario conflicts for the workforce between activities for
the space shuttle and for the Constellation program would need to be resolved, and the effect that
the shuttle’s continued operation could have for commercial cargo carriers would have to be
mitigated.

10



Figure 5.

Effects of Scenario 2: Execute NASA’s Current Plans and
Extend Operation of the Shuttle and Space Station

Directorate 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

<
<

Exploration

Systems Ares 1’s and Orion’s 10C I Return|to the Moon

Space v v

Operations Space Shuttle’s Retirement End of Support for ISS

Science
Number of
Planned 12 7 3 5 5 7 6 5 6 3 6 3 6 2 5 4 3 3
Missions

Source: Congressional Budget Office based on data provided by the National Aeronautics and
Space Administration (NASA).
Notes: IOC =initial operating capability; ISS = International Space Station.

The scenario incorporates cost growth that averages 50 percent, which is the amount that
occurred for 72 of NASA’s past programs.

Continued operation of the space shuttle could affect the schedule on which the Con-
stellation program could be executed even if additional funding was provided to
NASA. In particular, continued use of both launchpads 39A and 39B at the Kennedy
Space Center, at Cape Canaveral, Florida, could delay testing of the Ares 1 and Ares 5
launch vehicles because those launchpads need to be modified for that purpose. A test
flight for Ares 1 has already been delayed because NASA has had to retain the use of
both launchpads for the shuttle for a mission planned for May 2009 to service the
Hubble space telescope; after that mission, modifications to launchpad 39B for use
with Ares 1 can be completed.!® But modifications to launchpad 39A for use with
Ares 5 can be completed only after the end of the shuttle’s operations. Therefore,
extending those to 2015 using launchpad 39A could delay the development of Ares 5
and, in turn, the return of humans to the moon.

Some industry experts have also recommended that NASA continue to support the
International Space Station until December 2020 instead of ending that support after
December 2015.1¢ To accomplish that extension, NASA would require additional

15. The mission to service the Hubble requires launching the space shuttle into an orbit that precludes
reaching the space station in the event of an emergency. Therefore, NASA will have another shuttle
on standby for a rescue mission if necessary.

16. NASA currently plans to take no action that would preclude extending operations to allow contin-
ued use of the space station for experiments should additional funding be available.

11



Figure 6.

Effects of Scenario 3: Achieve the Constellation Progam’s
Schedule and Allow the Science Schedule to Slip

Directorate 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Exploration

Systems Ares 1’s and Orion’s 10C t Return|to the Moon

Space \ 4

Operations Space Shuttle’s Retirement End of Support for|ISS

Science
Number of
Planned 12 7 3 5 5 7 6 5 6 3 6 3 6 2 5 4 3 3
Missions

Number of

Missions 12 5 | 3 4 | 4 4 | 5 5 4 3|5 3| 4 2 | 4 | 4 3 2
Under

Scenario 3

Cumulative 2| 2| 3| 4| -7| -8| -8 |-10 |-10 |-11 |-11 |-13 |-13 |-14 |-14 |-14 | -15
Reduction

Source: Congressional Budget Office based on data provided by the National Aeronautics and
Space Administration (NASA).

Notes: IOC =initial operating capability; ISS = International Space Station.

The scenario incorporates cost growth that averages 50 percent, which is the amount that
occurred for 72 of NASA’s past programs.

funding averaging about $1.4 billion annually from 2016 to 2020, according to
CBO’s projections based on data provided by the agency. Finally, part of the
$23.8 billion required each year under this scenario would be an additional

$450 million that, by CBO’s projections, would be required to fully fund NASA’s

estimates of required maintenance of and upgrades to its facilities.

Scenario 3: Achieve the Constellation Program’s Schedule and Allow the
Science Schedule to Slip

CBO also estimated the additional funding that would be required under a scenario
in which NASA seeks increased budgets to accommodate cost growth (at the histori-
cal average) for only the spacecraft development activities conducted within the Con-
stellation program. In this scenario, CBO did not include funding for cost growth in
the Science mission directorate, nor for the additional projects included in the previ-
ous scenario. According to CBO’s projections, under this scenario NASA would
require, on average, $21.1 billion annually, or an increase of about 10 percent relative
to the amount needed for its current plans (with NASA’s 25 percent reserves taken
into account). The additional funding needed to accommodate cost growth in the

Constellation program would be about $1 billion in 2010 and would grow to about
$2.7 billion in 2025.

12



Figure 7.

Projected Funding Under Scenario 4: Absorb Cost
Growth to Achieve Constellation’s Schedule by
Reducing Funding for Science and Aeronautics

(Billions of 2009 dollars)
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Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: NASA received stimulus funding in February 2009 under the American Recovery and
Reinvestment Act.

Under this scenario, because no additional funds would be included to accommodate
projected cost growth for the Science mission directorate, 15 fewer of its missions
could be conducted by 2025 (if they faced cost growth at the historical average) (see
Figure 6). Furthermore, additional funds to extend operation of the space shuttle and
support of the space station would not be available under this scenario, and CBO
assumed that NASA would forgo any of the shuttle’s planned missions that did not
occur by September 30, 2010.

Scenario 4: Absorb Cost Growth to Achieve Constellation’s Schedule by
Reducing Funding for Science and Aeronautics

As a final scenario, CBO considered the budgetary impact of NASA’s choosing to
accommodate cost growth in the Constellation program by reducing its budgets for
the Science and Aeronautics Research mission directorates. In this scenario, NASA’s
total funding would remain at $19.1 billion annually, but the agency would reduce
the budgets for those two directorates by about $1 billion in 2010 and by amounts
growing to about $2.7 billion in 2025 (see Figure 7).17 Reductions in funding for
science would be about $900 million in 2010 and would rise to about $2.4 billion by

17. CBO assumed that the reductions would be split between the Science and Aeronautics Research
directorates in proportion to their planned budgets (and therefore allocated at roughly 90 percent
and 10 percent, respectively).
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Figure 8.

Effects of Scenario 4: Absorb Cost Growth to Achieve
Constellation’s Schedule by Reducing Funding for
Science and Aeronautics

Directorate 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025

Exploration
Systems Ares 1’s and Orion’s 10C Humans’ Return|to the Moon

Space v

Operations Space Shuttle’s Retirement End |of Support for|ISS

Science
Number of
Planned 12 7 3 5 5 7 6 5 6 3 6 3 6 2 5 4 3 3
Missions

Number of

Missions 12 3] 2 3| 3 3| 2 3 3 2 | 3 2 | 3 2 3 |3 2 2
Under

Scenario 4

Cumulative 4| 5| -7| -9 |-13|-17 |-19 |-22 | -23 |-26 |-27 |-30 |-30 |-32 |-33 |-34 | -35
Reduction

Source: Congressional Budget Office based on data provided by the National Aeronautics and
Space Administration (NASA).
Notes: IOC =initial operating capability; ISS = International Space Station.

The scenario incorporates cost growth that averages 50 percent, which is the amount that
occurred for 72 of NASA’s past programs.

2020. Such reductions would result in 35 fewer missions through 2025 than under
NASA’s current plans (see Figure 8). Reductions in funding for acronautics research
would be about $100 million in 2010 and would rise to $270 million by 2020.!® For
this scenario, CBO also assumes that NASA would forgo any of the planned missions
for the space shuttle that did not occur by the end of September 2010.

Table 3 summarizes the funding changes that would occur under the scenarios CBO
considered.

Comparison of the Constellation and Apollo Programs

In its September 2004 study of NASA's vision for space exploration, CBO compared
NASA’s estimates of the costs of the Constellation program with the costs of the
Apollo program and of other proposals for human exploration of the moon. Here,
CBO updates those comparisons using NASA’s current estimates of the costs of the
Constellation program.

18. NASA officials indicate that those funding reductions would significantly delay the agency’s contri-
butions to the Next Generation (NextGen) Air Transportation System and would require lessening
planned research into environmental improvements for aviation.
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Table 3.

Projected Average Annual Funding for NASA Under
Alternative Scenarios

(Billions of 2009 dollars)

2010- 2014- 2018- 2022- 2010-
2013 2017 2021 2025 2025

Scenario 2: Execute NASA's Current Plans and
Extend Operation of the Shuttle and Space Station

NASA's Plans 18.2 19.1 19.5 19.8 19.1
Cost Growth for Exploration +1.1 +1.8 +2.1 +2.7 +1.9
Extension of Space Shuttle to 2015 +2.5 +1.7 0 0 +1.0
Extension of Support for Space Station
to 2020 0 +0.8 +1.2 +0.1 +0.5
Cost Growth for Science +0.6 +0.7 +0.7 +0.7 +0.7
Fully Funded Maintenance and
Upgrades to Facilities +0.4 +0.4 +0.4 +0.4 +0.4
Total 23.0 24.5 23.9 23.7 23.8

Scenario 3: Achieve the Constellation Program's
Schedule and Allow Science Schedule to Slip

NASA's Plans 18.2 19.1 19.5 19.8 19.1
Cost Growth for Exploration +1.1 +1.8 +2.1 +2.7 +1.9
Total 19.3 209 21.6 22.5 21.1

Scenario 4: Absorb Cost Growth to
Achieve Constellation's Schedule by
Reducing Funding for Science and Aeronautics

NASA's Plans 18.2 19.1 19.5 19.8 19.1
Cost Growth for Exploration +1.1 +1.8 +21 +2.7 +1.9
Cuts in the Science Directorate -1.0 -1.7 -1.9 -2.4 -1.7
Cuts in the Aeronautics Research
Directorate -0.1 -0.2 -0.2 -0.3 -0.2
Total 18.2 19.1 19.5 19.8 19.1

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).
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Figure 9.

Comparison of the Constellation, Apollo, and
Other Programs

(Billions of 2009 dollars)

125
100 |-
75
50
25 |
0
First Lunar Lunar Oxygen Constellation Constellation Apollo Space
Outpost (FLO) (LUNOX) Program Program Program Exploration
(Proposed) Program (CBO's 2004 (CBO's 2009 (Actual) Initiative (SEI)
(Proposed) projection) projection) (Proposed)

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Notes: The top portion of each bar represents CBO’s projected cost growth above NASA’s estimates.
For the Apollo program, actual costs are shown.

For details on the estimates for the FLO, LUNOX, and Apollo programs and the SEI,
see Congressional Budget Office, 4 Budgetary Analysis of NASA’s New Vision for Space
Exploration (September 2004).

The Constellation program plans to develop capabilities greater than those developed
under the Apollo program. In particular, the Constellation program will eventually
develop systems capable of performing not just the relatively short-duration mission
to the moon conducted under the Apollo program but operation of a lunar outpost
for relatively long periods of time. Consequently, for the purpose of a like comparison
of the Constellation and Apollo programs, CBO excluded funding for activities in the
Constellation program not associated with a short-duration mission to the moon.

CBO also compared funding for the Constellation program with the costs estimated
by NASA to conduct other human lunar missions that the agency considered, includ-
ing the Space Exploration Initiative (SEI), the Lunar Oxygen (LUNOX) program,
and the First Lunar Outpost (FLO) program. NASA proposed the SEI in 1989; the
initiative consisted of three components: returning humans to the moon, establishing
a lunar outpost, and sending astronauts to Mars. NASA proposed the FLO program
in 1992; it consisted of a mission to return humans to the moon and provide a lunar
habitat module delivered by a robotic lander. NASA proposed the LUNOX program
in 1993; it consisted of a mission to return humans to the moon but sought to reduce
costs by producing liquid oxygen on the moon, thereby reducing the size and cost of
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the launch vehicle. In all cases, CBO’s comparison includes only the costs for systems
needed to return humans to the moon for a short stay.

According to NASA’s current plans for the Constellation program, the agency would
require $92 billion in funding to return humans to the moon in 2020. If 50 percent
cost growth occurred, that figure would rise to $110 billion. Those costs can be com-
pared with the analogous estimates provided in CBO’s September 2004 analysis of the
Constellation program as it was envisioned then ($40 billion to $57 billion), the
Apollo program ($110 billion), the SEI ($83 billion to $120 billion), the LUNOX
program ($40 billion to $57 billion), and the FLO program ($26 billion to $38 bil-
lion) (see Figure 9).19 The lower values in the ranges reflect NASA’s estimates, and the
higher values reflect figures incorporating about 50 percent growth in costs. The
smaller range that currently exists for the Constellation program results from the fact
that NASA now explicitly incorporates in its plans reserves that would accommodate
25 percent cost growth.

19. For details on those estimates, see Congressional Budget Office, A Budgetary Analysis of NASA’s
New Vision for Space Exploration.
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Appendix:
Details of NASA’s Plans, by
Directorate and Function

The National Aeronautics and Space Administration’s (NASA’s) budget is divided into
seven accounts: one for each of the agency’s four mission directorates—Exploration
Systems, Space Operations, Science, and Aeronautics Research—and one each for
cross-agency support, education, and its inspector general.

Exploration Systems Mission Directorate

The Exploration Systems mission directorate is responsible for developing NASA’s
new human spaceflight vehicles to conduct missions to the moon, Mars, and other
destinations. In the near term, NASA’s Constellation program is developing the Ares 1
crew launch vehicle and the Orion crew exploration vehicle along with required
ground support, infrastructure, and mission operations. Later, the agency will develop
the Ares 5 cargo launch vehicle and the Altair lunar lander. For missions to the moon,
Ares 1 will boost Orion into low-Earth orbit, and Ares 5 will do the same for Altair;
Orion will then rendezvous with Ares 5 and Altair, and Ares 5 will make use of what is
termed its earth departure stage to propel the two crew vehicles to the moon. In
NASA’s plans, Ares 1 and Orion will achieve their initial operating capability by
March 2015. At that time, they will be used for missions to the International Space
Station. Ares 5 and Altair will reach their initial operating capability by 2020 for
humans’ return to the moon. Beyond 2020, the agency’s plans call for the establish-
ment of a lunar outpost that will be a proving ground for human exploration of Mars.

Under NASA’s plans, the budgets for the Exploration Systems mission directorate
increase from about $3.5 billion in 2009 to over $10 billion by 2017. The increases
arise as a result of plans to retire the space shuttle after September 2010 and plans to
end support for the space station after December 2015. In 2009, funding primarily
supports the development of Ares 1 ($1.0 billion) and Orion ($1.1 billion), along
with associated ground and mission operations systems. For Ares 1, planned funding
reaches a peak of about $2.0 billion in 2011 and levels off at about $1.0 billion by
2015, once development is complete and regular operations begin. Similarly, for
Orion, planned funding peaks at around $1.7 billion in 2011 and levels off at about
$0.7 billion by 2015. For Ares 5, planned funding starts at $0.4 billion in 2011, peaks
at $1.9 billion in 2017, and levels off at $1.4 billion beginning in 2021. For Altair,
planned funding starts at $0.1 billion in 2011, peaks at $1.1 billion in 2016, and lev-
els off at $0.9 billion by 2019. At some point, NASA plans to shift funding for opera-
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tion of the Constellation program vehicles back to the Space Operations mission
directorate, but the agency has not yet stated when that change will occur. !

Space Operations Mission Directorate

The Space Operations mission directorate conducts the operation of the space shuttle
and the International Space Station, along with other activities. Over the 2010-2025
period, the planned funding for the directorate decreases substantially.

In 2010, total planned funding for space operations is about $5.8 billion. The fund-
ing drops to $2.8 billion in 2011 because of the retirement of the space shuttle.
NASA’s current plans call for retiring the space shuttle no later than September 30,
2010, but experience suggests that the agency may not be able to complete all of the
missions on the space shuttle’s launch manifest by that date.”? NASA officials have
indicated that any missions that cannot be conducted by that time could be canceled
so that funding can be shifted to the Constellation program in 2011, as planned.

The funding for the directorate drops further in 2016 and 2017, as support for the

space station ends. By 2018, the planned annual funding falls to about $0.7 billion,
for activities in four categories: space communications and navigation (about $500

million), launch services (about $85 million), testing of rocket propulsion (about

$45 million), and the health and safety of crews (less than $9 million).

See Figure A-1 and Table A-1 for depictions of the plans for the Exploration Systems
mission directorate and the Space Operations mission directorate.

Science Mission Directorate
NASA’s Science mission directorate is responsible for developing systems for conduct-

ing scientific exploration in four categories, or “themes”: Earth science, planetary sci-
ence, astrophysics, and heliophysics.

B In pursuing earth science, NASA conducts missions to “study Earth from space to
advance scientific understanding and meet societal needs.” Examples of missions of
this type include the Ocean Surface Topography Mission, the Aquarius satellite to
measure salinity at oceans’ surfaces, and the Glory satellite for climate and atmo-
spheric research.

1. Data used for CBO’s projections come from Budget of the United States Government, Fiscal Year
2009 and additional data provided by NASA. CBO’s projections beyond 2020 also use data from
NASA’s Lunar Capability Concept Review. See Geoffrey Yoder and Kent Joosten, National Aero-
nautics and Space Administration, Exploration Systems Mission Directorate, “Lunar Architecture
—Integrated Analyses and Strategy” (presentation, September 25, 2008), available at
www.nasa.gov/pdf/27884 1 main_Yoder-JoostenESMDchamber-industry%20day_rev.pdf.

2. See Congressional Budget Office, “An Analysis of NASA’s Plans for Continuing Human Space-
flight After Retiring the Space Shuttle,” letter to the Honorable Dave Weldon, M.D. (November 3,
2008).
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Figure A-1.

Planned Budgets for the Exploration Systems and the Space
Operations Mission Directorates

(Billions of 2009 dollars)

12 Exploration Systems

Commercial Advanced

10 Crew and Cargo? Capabillitiesb

Lunar Surface System®

Program Integration, Operations, Other®
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0 [ | ] ] T | | ] | ]
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Space Operations

4 Space Shuttle

International Space Station

- d
0 | | | . Space and Flight Support | |

2007 2009 2011 2013 2015 2017 2019 2021 2023 2025

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: NASA received stimulus funding in February 2009 under the American Recovery and
Reinvestment Act.

a. Funding for projects to spur private industry to provide transportation to the International Space
Station.

b. Funding for programs to, among other things, develop new technologies for space exploration
and further understanding of the effects of space on human performance.

Within the Constellation program.

d. Funding for space communications and navigation, civil space launch services, rocket propulsion
testing, and the health and safety of crews.
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Table A-1.

Projected Average Annual Funding for the Exploration
Systems and the Space Operations Mission Directorates

(Billions of 2009 dollars)

2010- 2014- 2018- 2022- 2010-
2013 2017 2021 2025 2025

Exploration Systems
Advanced Capabilities? 0.5 0.6 0.6 0.6 0.6
Orion® 1.4 0.8 0.6 0.7 0.9
Ares 1P 1.6 1.0 0.9 1.1 11
Ares 5 0.6 17 1.5 1.4 13
Reserves 11 14 1.7 14 14
Program Integration, Operations, Other® 0.7 2.0 1.8 2.0 1.6
Altair® 0.2 1.0 0.9 0.9 0.7
Lunar Surface Systemsb 0 0.2 1.8 2.1 1.0
Total 6.2 8.5 9.8 10.0 8.7

Space Operations

Space Shuttle 0.8 0 0 0 0.2
International Space Station 2.2 1.2 0 0 0.8
Space and Flight Support* 0.6 0.6 0.6 07 0.6

Total 3.6 18 0.7 0.7 1.7

Source: Congressional Budget Office based on Budget of the United States, Fiscal Year 2009 and

a.

data provided by the National Aeronautics and Space Administration (NASA).

Funding for programs to, among other things, develop new technologies for space exploration
and further understanding of the effects of space on human performance.

Within the Constellation program.

Funding for space communications and navigation, civil space launch services, rocket propulsion
testing, and the health and safety of crews.

Missions in planetary science are to “advance scientific knowledge of the origin
and history of the solar system, the potential for life elsewhere, and the hazards and
resources present as humans explore space.” Examples of missions include the
Dawn mission to Ceres and Vesta in the asteroid belt, the Juno New Frontiers Mis-
sion to Jupiter, the Gravity Recovery and Interior Laboratory Discovery mission to
the moon to determine the structure of the moon from its crust to its core, and the
Mars Science Laboratory.

Missions in astrophysics are to “discover the origin, structure, evolution, and des-
tiny of the universe, and search for Earth-like planets.” Examples of such missions
include the Fermi gamma ray observatory, the Kepler exoplanet exploration mis-
sion, and the James Webb space telescope.
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m In heliophysics, NASA conducts missions to “understand the Sun and its effects on
Earth and the solar system.” Examples include the Solar Dynamics Observatory;
the Radiation Belt Storm Probes mission to study Earth’s radiation belts, iono-
sphere, and thermosphere to better understand the sun’s influence on Earth; and
the Interstellar Boundary Explorer to detect the edge of the solar system.

The planned funding for the Science mission directorate is about $4.7 billion annu-
ally between 2010 and 2025. NASA intends to apportion the planned budgets thus
annually: $1.3 billion for Earth science, $1.6 billion for planetary science, $1.1 billion
for astrophysics, and $0.7 billion for heliophysics.

Aeronautics Research Mission Directorate

The Aeronautics Research mission directorate performs basic research through four

g
programs devoted to aviation safety, airspace systems, fundamental acronautics, and
aeronautics testing:

m The aviation safety program performs research to improve the “intrinsic safety
attributes of current and future air vehicles.”

m The airspace systems program performs research on managing air traffic, focusing
on the Next Generation (NextGen) Air Transportation System.

B The fundamental aeronautics program performs long-term research in four types
of flight: subsonic for rotary-wing aircraft, subsonic for fixed-wing aircraft, super-
sonic, and hypersonic.

B The acronautics testing program manages the agency’s ground and flight test
assets, including wind tunnels, propulsion testing facilities, and test aircraft.

The planned funding for the directorate is about $460 million annually between
2010 and 2025. Of that amount, $66 million is for aviation safety, $77 million for
airspace systems, $240 million for fundamental aeronautics, and $78 million for
aeronautics testing.

See Figure A-2 and Table A-2 for depictions of the plans for the Science mission
directorate and the Aeronautics Research mission directorate.

Cross-Agency Support, Education, and Inspector General

The remalmng accounts of NASA’s budget are for cross-agency support, education,
and the agency’s inspector general.

Planned funding for cross-agency support averages $3.5 billion annually from

2010 to 2025. Such support falls into three categories: management and operation
of field centers ($2.2 billion), management and operation of the agency
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Figure A-2.

Planned Budgets for the Science and the Aeronautics
Research Mission Directorates

(Billions of 2009 dollars)
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Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: NASA received stimulus funding in February 2009 as part of the American Recovery and
Reinvestment Act.
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Table A-2.

Projected Average Annual Funding for the Science and the
Aeronautics Research Mission Directorates

(Billions of 2009 dollars)

2010- 2014- 2018- 2022- 2010-
2013 2017 2021 2025 2025
Science

Earth Science 13 13 1.3 1.3 13
Planetary Science 15 1.6 1.6 1.6 1.6
Astrophysics 1.1 1.1 1.1 1.1 1.1
Heliophysics 07 07 08 08 07
Total 4.5 4.7 4.8 49 4.7

Aeronautics Research
Aviation Safety 0.1 0.1 0.1 0.1 0.1
Airspace Systems 0.1 0.1 0.1 0.1 0.1
Fundamental Aeronautics 0.2 0.2 0.2 0.3 0.2
Aeronautics Testing 0.1 0.1 0.1 0.1 0.1
Total 04 0.5 0.5 0.5 0.5

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

otherwise ($1.0 billion), and what the agency terms institutional investments ($0.3
billion). The nine field centers are:

B Ames Research Center, near San Francisco, California;

m Dryden Flight Research Center, at Edwards Air Force Base, California;
B Glenn Research Center, in Cleveland, Ohio;

m Goddard Space Flight Center, in Maryland, outside Washington, D.C.;
m Johnson Space Center, in Houston, Texas;

m Kennedy Space Center, at Cape Canaveral, Florida;

m Langley Research Center, in Hampton, Virginia, near Norfolk;

m Marshall Space Flight Center, in Huntsville, Alabama; and

m Stennis Space Center, in Mississippi, near New Orleans, Louisiana.
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Table A-3.

Projected Average Annual Funding for NASA’s Cross-Agency
Support

(Billions of 2009 dollars)

2010- 2014- 2018- 2022- 2010-

2013 2017 2021 2025 2025

Center Management and Operations 2.1 2.2 2.2 2.3 2.2
Agency Management and Operations 0.9 0.9 1.0 1.0 1.0
Institutional Investments® E E E E E
Total 3.3 3.5 3.5 3.6 3.5

Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Note: For the 20102025 period, planned funding for education averages $120 million and for
NASA’s inspector general, $39 million.

a. NASA’s phrase “institutional investments” refers to the maintenance of and upgrades to its facil-
ities that are not associated with specific projects by the mission directorates.

The funding for field centers covers a range of activities, including facility operations
and maintenance, security, environmental management, safety services, information
technology, management, legal services, work promoting equal employment opportu-
nity, public affairs, procurement and financial services, and human resources services.
The funding does not, however, cover project-specific technical work conducted at
the centers; that work is funded by the mission directorates. Funding for management
and operation of the agency otherwise covers, among other things, those activities for
NASA headquarters and agencywide safety activities. Under the category of institu-
tional investments, NASA funds construction, repair, rehabilitation, and modification
of the agency’s basic facilities that are not associated with specific projects by the mis-
sion directorates.

For education, planned funding averages about $120 million annually from 2010

to 2025. The funding supports three major goals: strengthening the nation’s future
workforce; attracting and retaining students in science, technology, engineering, and
mathematics; and engaging Americans in NASA’s mission. For the inspector general’s
office, planned funding is $39 million each year.

See Table A-3 and Figure A-3 for depictions of NASA’s plans for cross-agency sup-

port, education, and its inspector general.
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Figure A-3.

Planned Budgets for Cross-Agency Support
(Billions of 2009 dollars)

4
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Source: Congressional Budget Office based on Budget of the United States Government, Fiscal Year
2009 and data provided by the National Aeronautics and Space Administration (NASA).

Notes: HQ = NASA headquarters; JPL = Jet Propulsion Laboratory.

NASA received stimulus funding in February 2009 as part of the American Recovery and
Reinvestment Act.

a. NASA’s phrase “institutional investments” refers to the maintenance of and upgrades to its facil-
ities that are not associated with specific projects by the mission directorates.
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