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What is a “decadal”
Every 10 years each of the SMD divisions requests the National Academy to do 
a study of what science should be prioritized over the next decade.
This is our most important guiding document, trumps LEAG docs or any other 
community generated guidance.
This is the Planetary Science Division’s 3rd :

• New Frontiers in the Solar System (2003-2013)
• Visions and Voyages (2013-2022)
• Origins Worlds and Life (2022-2032)

It is a ~3 yr process
Starts with mission studies, soliciting white papers from the community
Subcommittees meet regularly for ~1.5 yrs, invite presentations Q&A from 
HQ, community

For the first time Human Exploration and Planetary Defense were included in 
the doc





*Human Exploration writing group led by Jen Heldmann and John Grunsfeld









Twelve Science Question Chapters
Key Takeaways:

Crucial role of sample return and in situ analyses

Dearth of knowledge of the ice giant systems

Importance of primordial processes to compositional reservoirs, planetary building blocks and primitive 
bodies, and early solar system dynamical evolution

Complex interplay of internal and external processes that affect planetary bodies

Varied evolutionary paths of the terrestrial planets

Central question of how life on Earth emerged and evolved, and the compelling rationale to study 
habitable environments at Mars and ice ocean worlds

Desire to make substantive progress in this decade in understanding whether life existed (or exists 
elsewhere in the solar system)
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Human Expertise Science Objective

Astronauts can be well-equipped to conduct sorties 
and sample and return intact cores deeper (>1 m) than 
easily accomplished by robotic missions.

Determine the origin, composition, and history of ice deposits

Establish internal heat flow and determine near-surface 
stratigraphy using geophysical probes and cores

Astronauts can collect more and better geologic 
samples than static robotic missions by virtue of their 
ability to more rapidly assess geologic context to select 
the optimal samples, conduct traverses to allow for 
increased sample diversity, and to return larger sample 
quantities. Astronauts could also retrieve samples 
robotically cached. 

Establish the impact flux through time in the
inner solar system, the nature of impactors,
and whether there was a late heavy
bombardment
Probe of volcanic, tectonic and magmatic
processes, including the formation of planetary
dichotomy/asymmetry
Determine the timing and characteristics of the
giant impact that produced the Earth-Moon
system

Astronauts can efficiently deploy stations over a wide 
area to make measurements of modern properties, 
can conduct in situ tests to determine optimal layouts 
pre-deployment, and can conduct tests using an initial 
layout and re-deploy as necessary post-testing.

Measure interactions of atmospheres and
exospheres with the space environment
Determine interior structure and history of the
magnetic field

Why are humans useful for lunar science? (modified fromTable 19.1)



Science Themes for Lunar Exploration (BOX 22.2)

The central goal of a science-driven program of lunar discovery and exploration is to reveal the history of 
major events and processes that have shaped the Earth–Moon system and the solar system. 

The committee prioritizes three overarching Science Themes:

Science Theme 1: Uncover the lunar record of solar system origin and early history. The Moon’s 
composition, structure, and ancient surface preserve a record of early events: from the giant impact that 
produced the Earth−Moon system to ongoing bombardment as life on Earth emerged and evolved.

Science Theme 2: Understand the geologic processes that shaped the early Earth that are best 
preserved on the Moon. The Moon retains a record of processes that set the evolutionary paths of rocky 
worlds, including volcanism, magnetism, tectonism, and impacts.

Science Theme 3: Reveal inner solar system volatile origin and delivery processes. The Moon hosts 
water and other volatiles in its interior, across its surface, and in ice deposits at its poles, providing a 
record that may help constrain the origins of Earth’s oceans and the building blocks for life, as well as 
ongoing volatile delivery processes.
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Human Exploration Recommendations
19-1: Conducting decadal-level science should be a central requirement of the overall human exploration 
program.

19-2: NASA should engage with the science community to 1) define scientific goals for its human exploration 
programs at the early stages of program planning; and 2) ensure scientific expertise in field geology, planetary 
science, and astrobiology in its astronaut teams. 

19-3: PSD should develop a strategic lunar program that includes human exploration as an additional option to 
robotic missions to achieve decadal-level science goals at the Moon. 

19-4: NASA should adopt an organizational approach in which SMD has the responsibility and authority for the 
development of Artemis lunar science requirements that are integrated with human exploration capabilities. 
NASA should consider establishing a joint program office at the Associate Administrator level for the purpose of 
developing Artemis program-level requirements across SMD, ESDMD, SpaceOps, and other Directorates as 
appropriate.

19-5: PSD should have the authority and responsibility for integrating science priorities into the human 
exploration plans for Mars. 

19-6: NASA should develop a strategy to utilize opportunities to fly science payloads on commercial test flights 
and crewed missions to the Moon and Mars as such opportunities arise. 



Human Exploration Recommendations
22-8: The development of the goals and measurement requirements for missions addressing both science and 
human exploration interests should be developed to meet the objectives of both communities. 

22-10: NASA should continue to support commercial innovation in lunar exploration. Following demonstrated 
success in reaching the lunar surface, NASA should develop a plan to maximize science return from CLPS by, 
for example, allowing investigators to propose instrument suites coupled to specific landing sites. NASA should 
evaluate the future prospects for commercial delivery systems within other mission programs and consider 
extending approaches and lessons learned from CLPS to other destinations, e.g., Mars and asteroids.

22-11: PSD should execute a strategic program to accomplish planetary science objectives for the Moon, with 
an organizational structure that aligns responsibility, authority, and accountability.

22-12: The advancement of high priority lunar science objectives, as defined by PSD based on inputs from this 
report and groups representing the scientific community, should be a key requirement of the Artemis human 
exploration program. Design and implementation of an integrated plan responsive to both NASA’s human 
exploration and science directorates, with separately appropriated funding lines, presents management 
challenges; however, overcoming these is strongly justified by the value of human-scientific and human-robotic 
partnerships to the agency and the nation.

22-13: Endurance-A should be implemented as a strategic medium-class mission as the highest priority of the 
Lunar Discovery and Exploration Program. Endurance-A would utilize CLPS to deliver the rover to the Moon, a 
long-range traverse to collect a substantial mass of high-value samples, and astronauts to return them to 
Earth.





Questions
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