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The NASA Space Science Program

Steven W. Squyres
The James A. Weeks Professor of Physical Sciences at Cornell University
Chairman of the National Research Council Planetary Decadal Survey (2009-2011)
Chairman of the NASA Advisory Council (2011-2016)

Since its establishment in 1958, the U.S. National
Aeronautics and Space Administration (NASA) has
sponsored and conducted a wide variety of flight
missions to obtain scientific data about the Earth,
the Solar System, and the Cosmos. In NASA's Science
Mission Directorate (SMD), these missions range from
suborbital projects - including balloons, sounding
rockets, and airplanes - to interplanetary probes and
flagship observatories. NASA's missions address four
primary scientific disciplines: Astrophysics, Earth
Science, Planetary Science, and Heliophysics. All of the
investigations and missions that are selected and flown
by the agency are chosen to respond to NASA's goals
and strategic objectives.

NASA’s mission opportunities are open to all
proposers, within fixed rules, via public announcement,
and selections are based primarily on scientific and
technical merit as evaluated by independent peer
review. International partners are frequent and valued
participants in joint missions. The partnerships are
generally conducted on a cooperative, no-exchange-of-
funds basis. NASA also works closely with a number
of other U.S. Federal agencies, such as the National
Oceanic and Atmospheric Administration (NOAA) and
the Department of Energy (DoE), to implement and
support its flight missions.

High-level strategic guidance for NASA’'s space
science program is provided by Decadal Surveys carried
out under the auspices of the U.S. National Research
Council (NRC). As their name implies, these surveys
take place at ten-year intervals. Decadal Surveys involve
broad involvement from the U.S. and international
space and Earth science communities. Their purpose is
to survey the state of scientific knowledge in each of
NASA'’s four main discipline areas, and to look ten or
more years into the future and prioritize research areas,
observations, and notional missions to make those
observations. This prioritization of mission science is
critical to ensure that NASA makes the most progress
in each of its disciplines. Broad grassroots effort are
undertaken to engage the scientific communities
of each discipline in the decadal process, with the
goal of producing surveys that accurately reflect the

communities’ consensus priorities.

In response to the science priorities expressed in the
Decadal Surveys, and in accordance with U.S. national
space policy goals as established by the President and
the Congress, NASA devises and selects missions within
each discipline. Broadly speaking, NASA space science
missions fall into two categories: Large “strategic”
missions and smaller competed missions.

Leadership of the large strategic missions, sometimes
referred to as “flagship” missions, is directed by NASA
Headquarters to one or more specific organizations
within the agency. As an example, for the Hubble
Space Telescope, Marshall Space Flight Center was
given responsibility for designing, developing, and
constructing the telescope, and Goddard Space Flight
Center was given responsibility for science instrument
management and operations. While there is no formal
cost threshold for these large strategic missions, it is
not uncommon for them to cost US$1 billion or more.

Selection of the scientific instruments for strategic
missions takes place by open competition. NASA
releases an Announcement of Opportunity (AO) that
describes the mission and its objectives, and that
outlines high-level requirements for instruments to be
selected. Teams of scientists organized and led by a
Principal Investigator (PI) submit instrument proposals
in response to the AO. Proposals are evaluated by
NASA via peer review, and winning proposals are
selected for flight. International partnerships on such
proposals are common, and typically are arranged by
the PI and take place on a no-exchange-of-funds basis.
In some instances NASA may also select instruments to
be provided by international partners via arrangements
with other national space agencies. In the recent cases
of the Mars 2020 rover and the Europa mission NASA'
s solicitations for instruments were open to the entire
international community.

For selection of smaller missions that address
more focused science objectives, NASA typically
relies entirely on open competition. Programs that
solicit proposals for competed missions include the
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Explorer program in Astrophysics and Heliophysics,
the Discovery program in Planetary Science, and the
Earth Venture program in Earth Science. For these
competed missions, NASA releases an Announcement
of Opportunity that describes basic constraints like
allowable launch dates and costs, and Pl-led teams
propose an entire mission, including science objectives,
spacecraft, instrumentation, and operations. Again, PI-
arranged international partnerships on such proposals
are common. Costs of these fully competed PI-led
missions can range from about US$100-500 million.

There are also “semi-strategic” mission classes. An
example is the New Frontiers program of Planetary
Science missions. Like Discovery missions, New
Frontiers missions are also PI-led and competed.
However, they are more costly than Discovery
missions, and are restricted to specific mission types
that are dictated by NASA on the basis of the agency’
s strategic priorities. Costs for a New Frontiers mission
are typically about twice those of a Discovery mission.

NASA also conducts “Missions of Opportunity” to
provide the U.S. scientific community with the chance
to participate in non-NASA missions by providing
funding for a science instrument or hardware
components of an instrument. After negotiating for
such an opportunity with a non-U.S. space agency,
NASA releases an AO and competitively selects and
funds instrumentation to be provided for flight on the
non-U.S. mission.

Together these programs provide a broad portfolio
of NASA space science missions, ranging from highly
capable strategic missions that address the most
important and challenging questions in space science
to smaller competed missions that provide frequent
access to space and a steady stream of scientific
discoveries. All missions are responsive to science
community priorities as expressed in the Decadal
Surveys and selected by competitive peer review,
and all provide ample opportunity for international
participation.
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