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SSERVI
SENIOR REVIEW EXCUTIVE SUMMARY

Exploring our Solar System and beyond with sound multidisciplinary scientific methods and both robotic and human 

missions is a fundamental goal of NASA. At the beginning of the 21st century NASA had set its human exploration 

targets for the Moon, Near Earth asteroids (NEA), and Mars as its exploration targets. Twenty years in, these plane-

tary exploration goals are now even more achievable than ever with partnerships across NASA, with the commercial 

sector of the US economy, and also with international space agencies. These partnerships have broadened the ex-

ploration and utilization of space, in general, and the Earth-Moon system in particular, far beyond the initial pioneering 

steps taken by Apollo. Some of the visions for human exploration beyond low Earth orbit include a sustained pres-

ence on the Moon and eventually Mars. 

NASA has asked basic questions about how we might realize these dreams for human exploration of other plane-

tary surfaces: How can multidisciplinary planetary science be achieved in a collaborative framework? How can we 

integrate and coordinate goals of planetary science with the goals of planetary exploration? How can we grow a 

science-exploration community to achieve these goals? How can we connect the first generation of lunar explorers 

(Apollo Program) with future generations of explorers of the Moon and beyond (Artemis)?

To address these questions and, in so doing, promote a concerted effort to explore the Earth-Moon system and be-

yond, the NASA Lunar Science Institute (NLSI) was created in 2008 and the Solar System Exploration Research Virtu-

al Institute (SSERVI) succeeded NLSI in 2013. One of the initial intents of the NLSI was to provide NASA with a lunar 

science foundation by growing a diverse science-exploration community to respond to NASA’s exploration needs and 

to new science discoveries. With the evolution of the NLSI to the SSERVI, the human destination portfolio changed 

to include not only the Moon, but NEA and the moons of Mars. Now that the NLSI-SSERVI has been in existence for 

more than a decade, it is time to evaluate its accomplishments and provide guidance for achieving future successes.

At the request of NASA’s Associate Administrators for the Science Mission Directorate (SMD) and Human Exploration 

Operations Mission Directorate (HEOMD), and in response to the mid-term Planetary Science Decadal Survey, the 

SSERVI Senior Review Panel (SSRP) undertook the assignment to evaluate the progress made by the NLSI-SSERVI, 

its impact on the advancement of planetary science and exploration (both separately and together), and its leadership 

in the field of planetary science. NASA requested to evaluate the successes, challenges, and future of SSERVI within 

the context of the following:

• SSERVI’s alignment with Science Mission Directorate goals and the impact on planetary science (Section 3).

• SSERVI alignment with and impact on NASA’s human exploration goals (Section 4).

• Impact of SSERVI on bridging and supporting HEOMD and SMD activities (Section 5).

• SSERVI success for growing the community and service to the community (Section 6).

• SSERVI administrative services and costs (Section 7).

• Value of virtual teams and future opportunities for SSERVI (Section 8).

The summary of the SSRP analysis and reviews are provided below, followed by the findings and recommendations. 
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The SSRP examined SSERVI’s impact on NASA SMD fundamental research in Section 3 and weighed the structure 

of SSERVI versus SMD’s ROSES opportunities. The SSRP found that NASA’s SSERVI has provided an important 

research platform to the planetary science community, with stable funding and broad opportunities to tackle  

NASA’s strategic science goals. The SSERVI style of research complements the more targeted ROSES Research 

and Analysis (R&A) program in the planetary sciences. The SSRP also found that research impact from SSERVI can 

be strengthened by more focused alignment with NASA’s strategic priorities, with close coordination with SMD and 

human exploration, and codified in a SSERVI charter.  With the development of meaningful metrics and strategic 

application of SSERVI’s flexibility to promote new and innovative research, SSERVI’s scientific value and impact can 

continue to grow.

In Section 4, the SSRP examined SSERVI’s alignment with human exploration goals and the impact of SSERVI’s 

research in this area. We examined the challenges SSERVI has faced with both the organizational changes in NASA’s 

human exploration mission directorate and with inconsistent funding levels. The SSRP analyzed SSERVI’s research 

portfolio that is relevant to human exploration over the past four funding cycles. The panel found that SSERVI has 

been successful in steadily incorporating more exploration-focused topics as it transitioned from NLSI through CANs 

1-3. We examined SSERVI’s assessment of science versus exploration research topics and found that although the 

exploration categories carried by SSERVI have remained the same across the CANs, the nature of the research may 

not accurately reflect shifts in NASA’s human exploration focus.  The SSRP specifically looked at the SSERVI analog 

activities and their relevance to human exploration, as well as the role of the focus groups in coordinating research 

across SSERVI. The SSRP found that SSERVI exploration research may be relevant to the needs of HEOMD, but 

not always in a format that can be used.  Similar to findings from Section 3, the SSRP recommends that an updated 

SSERVI charter (coordinated between NASA’s SMD and HEOMD) be written, and that strategic planning and criteria for 

success for both SSERVI teams and SSERVI focus groups be developed to ensure that SSERVI exploration research 

can be used by NASA, can help to integrate science operations on future human exploration missions, and can be 

more quantitatively assessed by future Senior Review Panels. 

How well SSERVI bridges both human exploration and SMD is discussed in Section 5.  The SSRP looked at research 

alignment with NASA’s Strategic Goals, the CAN language that helps to integrate both scientific and exploration re-

search (science and exploration goals are currently treated separately and are not integrated), the use of focus groups 

to extend the SSERVI umbrella and facilitate broad community collaborations, the growth of the exploration-science 

community, and impact of joint HEOMD-SMD funding. The review panel found that SSERVI is well positioned to both 

bridge and amplify NASA science and human exploration research, and funding from both NASA directorates should 

continue.  Arguably, a research institute that directs and supports research at the junction of these two focus areas 

is critical for enabling a successful human exploration campaign to the Moon. A Solar System Exploration Research 

Virtual Institute, as defined above, is a compelling concept, especially if defined by a new SSERVI charter, strategic 

planning and well-established metrics coordinated with SMD and HEOMD, thoughtful exercise of SSERVI’s research 

flexibility, and continued focus on community inclusivity and growth.

A key focus of SSERVI is supporting the broad scientific exploration community, including growing the communi-

ty, providing service to the community, and ensuring inclusion in the broadest sense. These topics are examined in 

Section 6. SSERVI Central provided material to support its efforts at developing the next generation of planetary and 

exploration scientists – these include students and early career internships and field training, K-12 education, and 

teacher training. Data and programs regarding SSERVI’s Equity, Diversity, Inclusivity and Accessibility (EDIA) programs 
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were also analyzed. SSERVI’s efforts to develop, support, and diversify the space science and exploration communi-

ties has been impressive.  Additional steps can be taken to encourage the involvement of an even more diverse range 

of students and researchers in future SSERVI initiatives. It will be important for SSERVI to establish baselines and 

criteria for success, especially for EDIA efforts. 

Analysis of SSERVI’s administrative costs and services was provided in Section 7. The SSERVI Central budget 

includes funding for the SSERVI Central staff, as well as funding for community services, support for the SSERVI 

teams, and special projects like the Solar System Treks Project (SSTP). SSERVI Central provides a broad portfolio of 

services to the community. It administers a large NASA R&D program; supports individual teams and fosters collabo-

ration between the teams; hosts multi-media collaboration tools that are increasingly central to the work of the plan-

etary science and exploration communities; and provides a spectrum of education, outreach, and diversity services. 

The breadth and complexity of SSERVI’s community support has increased, especially over the past two years. The 

SSRP commends the SSERVI Central team for their commitment to all the services they provide, and in particular, for 

the way they leveraged their capabilities as a virtual institute and their connection to the planetary science community 

to facilitate the virtual connections through workshops during the COVID-19 pandemic. The SSERVI Central team 

has managed these efforts despite a flat budget, and they have demonstrated that they are an innovative and efficient 

team. As recommended in other sections, SSERVI Central functions will be enhanced with a focused charter, clear 

delineation of roles and responsibilities, and close coordination with NASA about priorities for its products and services. 

Finally, in Section 8 we examine the value of large virtual institutes and future opportunities at SSERVI. The SSRP as-

sessment included a look at potential advantages and pitfalls of a large institute like SSERVI.  Key questions include: 

(1) does SSERVI bring together different scientific disciplines to help effectively address complicated and high priority 

destinations (e.g., Moon); (2) does the structure of SSERVI provide long-term, stable research environments; (3) can 

SSERVI help NASA HQ by rapidly responding to unanticipated changes to NASA strategies; (4) what is the success 

and value of SSERVI’s integration and implementation of virtual technologies; (5) do SSERVI’s international partner-

ships foster and strengthen common goals; (6) does SSERVI foster the development of mission and payload con-

cepts for study and implementation; (7) does SSERVI demonstrate the capability to adjust effort of the virtual institute 

to respond to new science discoveries; (8) does the intellectual and facility infrastructure offered by SSERVI provide 

an environment for training the next generation of scientists and engineers; (9) has SSERVI developed, funded, and 

provided access to common facilities; and (10) does SSERVI provide a broad (government and non-government) 

intellectual network for the commercial development of space? The SSRP concluded that SSERVI brings high value 

to the planetary science and exploration communities as a large, cross-disciplinary institute. The virtual institute 

structure provides many benefits, and SSERVI has the potential to grow the service and benefits it provides to the 

community through thoughtful leadership, strategic planning, communications, and leveraging of its progress through 

focus groups, workshops, virtual technologies, and more. 

Overall, the SSRP is unanimous in finding that SSERVI has fulfilled its original mandate as loosely defined by NASA. 

SSERVI has played a key role in growing the planetary science and exploration communities particularly tied to 

potential (and evolving) human exploration targets of the Moon, NEAs, and the moons of Mars. Further, SSERVI had 

a positive effect on the development and integration of planetary science and exploration and has influenced NASA’s 

current and future missions to the Moon. The SSRP recommends that the SSERVI should continue to be supported 

in a predictable manner by both SMD and HEOMD. 



8

. . . . . . .

 . 
. .

 . 
. .

. . . . . . .

SSRP Findings and Recommendations

Below, the SSRP specific findings and recommendations are organized in several areas that crosscut many of the 

individual themes and sections within the report. Within each section, the findings and recommendations are indexed 

to this section of the review.

1. Charter and Strategic Planning

Finding 1.1

SSERVI, the jointly funded virtual institute supported by both NASA’s Science Mission Directorate and the Human 

Exploration & Operations Mission Directorate, fills a critical role linking these two mission directorates and performs 

important research that includes both fundamental scientific research and applied research addressing human explo-

ration knowledge gaps. [Sections 5, 8]

Recommendation 1.1.1 

The SSERVI model that is funded by multiple directorates should continue. SSERVI funding levels from both sources 

should be agreed upon between the mission directorates and should remain stable for the duration of each CAN. 

[Sections 5]

Finding 1.2

SSERVI does not have a well-defined foundational charter, which makes it difficult to conduct focused research and 

to develop new strategic directions. [Sections 3, 4, 5, 8]

Recommendation 1.2.1

With input from NASA HQ (both HEOMD and SMD) and the planetary science community, a focused charter should 

be developed for SSERVI, which can serve as a mechanism for SSERVI strategic planning. The charter should 

identify potential initiatives that engage both SSERVI and members of the broader planetary science and explora-

tion communities. The SSERVI Charter should be reviewed at a regular cadence with NASA mission directorates in 

conjunction with development of the next SSERVI CAN in order to be responsive to new discoveries and exploration 

priorities. [Sections 3, 4, 5]

2. SSERVI Focus

Finding 2.1

SSERVI has significant scientific and exploration diversity, yet it cannot cover or financially engage all aspects of the 

planetary science community related to its defined targets. The current focus of SSERVI is a three-pronged approach 

to examine the Moon, asteroids, and the moons of Mars. NASA’s current human exploration goals place significant 

focus on the Earth’s Moon. This indicates that SSERVI targets for study are diluted from NASA’s current human ex-

ploration mission. [Section 3]

Recommendation 2.1.1

SSERVI focus should be directed on the Earth’s Moon for the next cycle of node selections, and the current SSERVI 

nodes should align their work to include a focus on the Moon. For example, SSERVI should place greater emphasis 
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on integrating science and exploration objectives, research needed for exploring new areas on the Moon, exploration 

concepts for sustained human missions on the Moon, as well as exploration concepts on the Moon that could feed 

forward to Mars. [Section 3, 4]

Finding 2.2

Sample science is not well represented or supported under the current SSERVI structure, which is concerning given 

the recent prioritization of sample return from small bodies, Mars, and the Moon. [Sections 3, 4]

Recommendation 2.2.1

Use the successes and lessons learned from growing the lunar science community over the past decade to similarly 

rebuild and replenish the sample science community over the coming decade. Consider sample training, collection, 

documentation, preservation, curation, measurements, and science with integration among nodes in future focus 

themes and CANs. [Section 3]

Finding 2.3

SSERVI has played an important role in both growing and diversifying the planetary (and especially the lunar) science 

and exploration communities. [Section 6]

Recommendation 2.3.1

Future CANs should continue to target diverse expertise for NASA to carry out its exploration goals and to respond to 

new scientific discoveries. Scientific diversity may be achieved through the identification of other NASA divisions that 

could benefit and support a focused SSERVI node, especially in responding to new scientific discoveries.  [Section 4] 

3. Metrics and Communication

Finding 3.1

There is concern that SSERVI activities may not be fully responsive to or aligned with NASA’s evolving needs. For 

example, many of the “exploration” activities currently undertaken are relevant to NASA’s human exploration activities 

but are not in a form that can be evaluated or practically assimilated by human exploration groups. Clearer and more 

regular communication between NASA and SSERVI is required (which could be facilitated by a focused charter – see 

Finding 1.1) and the development of quantitative criteria for success to evaluate the effectiveness of individual nodes, 

their products, and SSERVI as a whole. [Sections 3, 4, 5]

Recommendation 3.1.1

High-level strategic coordination should occur between SSERVI Central leadership, SSERVI teams and NASA Mis-

sion Directorates on at least an annual basis to determine the highest priority needs of SMD and the human explora-

tion community, which in turn could be used to redirect SSERVI team research. This method of communication will 

also help to ensure timely infusion of SSERVI research and results into NASA programs. A system should be estab-

lished for requesting, expediting, and integrating with human exploration research activities. 

Recommendation 3.1.2

All initiatives carried out by SSERVI must have a deliverable associated with the activity. SSERVI Central should de-

velop a quantitative mechanism to evaluate and measure success that (a) tracks both science and exploration topics 
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that SSERVI teams are working on, and (b) also tracks how those topics map to current NASA priorities. Success 

criteria (different from science research reporting and publications) should be developed for evaluating exploration/

operational research and products to ensure human exploration relevance and increase potential for infusion into 

exploration operations. 

Recommendation 3.1.3

All published research products enabled by SSERVI funding should acknowledge this source of support. 

Finding 3.2

The nodes within SSERVI must be flexible to respond to new scientific discoveries and changing directions of NASA 

exploration. [Sections 3, 8]

Recommendation 3.2.1

SSERVI Central should better communicate the flexibility of SSERVI and its teams to the science and exploration 

community and clearly distinguish SSERVI from typical ROSES grants.

Recommendation 3.2.2

To respond to new discoveries and changing NASA needs, SSERVI, in coordination with NASA, should redirect 

nodes and communicate the redirection to the planetary science and exploration communities. This redirection could 

include new areas of scientific research and as well as active coordination across teams for engaging in complex op-

erational studies such as analog activities. As part of this, SSERVI should have the monetary flexibility to add exper-

tise to nodes to quickly respond to new discoveries and priorities. The application and approval process for revector-

ing research efforts needs to be formalized, as should the communication of selections/changes to the community. 

Revectoring efforts should be done so as not to provide an unfair competitive advantage to SSERVI teams in future 

funding opportunities.

Recommendation 3.2.3

As part of strategic planning, SSERVI, in coordination with HEOMD and SMD, should develop criteria for determining 

the success of collaboration between different SSERVI nodes, and should develop quantitative metrics to assess the 

success of the large, diverse, and integrated team model. [Section 8] 

Finding 3.3

SSERVI has demonstrated responsiveness to NASA’s needs during the Covid 19 pandemic, evidenced by SSERVI’s 

hosting and re-imagining of broad community workshops like the Lunar Surface Science Workshops Series. These 

workshops have facilitated communication across the exploration community with discussions relevant to both 

human exploration of the Moon and Mars and SMD planetary exploration. They have successfully addressed two 

fundamental aspects of SSERVI: increasing the diversity of participants and addressing a breadth of topics relevant to 

NASA. [Sections 6, 7, 8]

Recommendation 3.3.1

SSERVI should continue coordinating, communicating, and hosting community workshops and continue to adjust 

formats and other attributes of the online forums to ensure the broadest possible participation by the community on 

important exploration and science topics.



11
. . . . . . .

. . . . . . .
 . 

. .
 . 

. .

4. Selection of New SSERVI Nodes

Finding 4.1

The SSERVI program must be flexible to respond to new scientific discoveries and changing directions of NASA 

exploration. [Sections 3, 4]

Recommendation 4.1.1

SSERVI nodes should be funded for 5 years, with a set of new nodes selected every 2.5 years to bring in new per-

spectives, and to respond to changes in science and exploration. [Section 3]

Finding 4.2

A large number of proposals have been submitted in response to SSERVI and NLSI CANs. Certain individual nodes 

have been continuously successful for the duration of the existence of SSERVI (and NLSI previously) and the poten-

tial for being funded a second and third cycle is relatively high. This observation has led to community perceptions of 

different degrees of competitiveness attributed to being “inside SSERVI” and “outside SSERVI”. [Section 8]

Recommendation 4.2.1

The review of data confirmed that previously funded nodes appear to have a competitive advantage over new sub-

missions. However, there appears to be no intrinsic bias in the review or selection processes. Debriefing of unsuc-

cessful PIs should be improved and transparent.

Recommendation 4.2.2

Advertise SSERVI more widely in the community and give talks/workshops about the proposal process, so that a 

larger number of prospective PIs can be reached.  Extreme care must be taken during the development of new CAN 

announcements and their review processes to identify areas of expertise and to select proposals based on innovative 

science and/or exploration excellence.

5. Focus Groups

Finding 5.1

SSERVI focus groups are currently formed through a bottom-up process from the SSERVI community. As informal 

and unchartered groups, SSERVI focus groups do not have strong influence on the science and exploration mission 

of SSERVI, and they may miss opportunities to gather and apply the full resources from across SSERVI to new sci-

ence and exploration developments. [Sections 3, 4, 5, 7, 8]

Recommendation 5.1.1

The goals of SSERVI focus groups need to be better defined. It is recommended that all focus groups have a char-

ter developed that link to the overall goals of the SSERVI (embodied in the SSERVI Charter - see Recommendation 

1.2.1), clarify the roles of each focus group, and include guidelines and metrics for developing and evaluating how 

they integrate across nodes and planetary/exploration communities, and resulting products. This includes developing 

annual plans and work products that are of science and exploration value. Structured focus groups should serve as a 

mechanism for community input to the goals of SSERVI and NASA. [Section 4, 8]
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Recommendation 5.1.2

SSERVI Central should have the ability to create new focus groups in response to changing needs and new discover-

ies. Such an effort could be done in conjunction with other relevant organizations (e.g., the Lunar Exploration Analysis 

Group, LEAG and the Lunar Surface Innovation Consortium, LSIC) so as to ensure the broadest possible participation.

Finding 5.2

Many teams perform analog activities, and SSERVI sponsors an Analog Focus Group, but the objectives and out-

comes from individual team analog activities and the body of analog work across SSERVI teams is not fully leveraged, 

coordinated, and mapped and communicated to specific NASA needs and requirements. [Section 4]

Recommendation 5.2.1

SSERVI should encourage continued and expanded coordination amongst the funded teams through the Analogs 

Focus Group with regard to analog field activities in order to reduce unnecessary duplication of effort and maximize 

sharing of resources. With increased awareness of SSERVI-funded field activities, SSERVI will be able to better 

assess the progress being made and then communicate to NASA and other stakeholders the impact of these analog 

field activities.  In addition, SSERVI and NASA will be able to better communicate to SSERVI teams and proposers 

what the human exploration needs are. This enhanced awareness and communication will be particularly important 

as the pace of planetary exploration increases with the beginning of robotic and human operations on the Moon as 

part of Artemis.  In addition, the SSERVI Field Analogs Focus Group is an ideal conduit to involve broader community 

participation. [Section 5]

6. SSERVI Central

Finding 6.1

The Senior Review Panel finds that SSERVI Central (the staff; dedicated support services for virtual meetings, web 

portals, education and outreach services, and events) is efficient and lean. [Section 7]

Finding 6.2

The roles and responsibilities of individual SSERVI staff positions are not well defined or communicated outside of 

SSERVI. [Section 7]

Recommendation 6.2.1

Develop and disseminate a document that describes the roles and responsibilities of all SSERVI staff positions. Suc-

cession and workforce planning will benefit greatly from this effort. Develop and disseminate organizational charts and 

points of contact for SSERVI as well as the teams/nodes. [Section 7]

Finding 6.3

SSERVI Central is commended for the initiative to bring in a SSERVI Distinguished scientist to advise the SSERVI 

Central staff. [Sections 4, 5, 7, 8]
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Recommendation 6.3.1

To similarly advise SSERVI on human exploration needs and activities, it is recommended that SSERVI bring in a 

SSERVI senior exploration advisor. [Sections 4, 7, 8]

Recommendation 6.3.2

SSERVI should consider selecting a small number of students or post-docs that are either scientifically linked to 

multiple nodes or represent a discipline or expertise that are distinct yet complementary to nodes. They should be 

integrated into collaborative activities among nodes. [Sections 4, 8]

Finding 6.4

SSERVI Central has not prioritized, with HEO and SMD concurrence, the community services that it provides and 

facilities that SSERVI funds. [Section 4, 7]

Recommendation 6.4.1

On an annual basis, SSERVI, together with HEOMD and SMD, should define and/or review requirements and es-

tablish priorities to the services that SSERVI provides to the community to ensure that SSERVI’s limited resources 

support the central capabilities according to NASA’s priorities.  Similarly, NASA and SSERVI should develop priorities 

for SSERVI investments that are community resources, including facility investments, expectations for community 

availability of the facilities, and metrics to document facility investments, operating costs, and projects/users.

Finding 6.5

Investment of SSERVI money into establishing facilities does not include long-term plans, including criteria for com-

munity use of such facilities, plans for sustainability (maintenance, personnel, upgrades, etc. funded outside of/be-

yond the lifetime of SSERVI), and end-of-life plans. [Section 4, 7, 8] 

Recommendation 6.5.1 

NASA and SSERVI should develop guidelines for facility investment, including availability policies for broader commu-

nity use, mechanisms to facilitate utilization, and metrics to document facility investments, operating costs, projects/

users, continuing operations, and end-of-life plans.

Recommendation 6.5.2

Laboratory facilities are available within US and international SSERVI nodes. SSERVI should support the shared use 

of analytical facilities throughout the virtual network and encourage the interaction among these nodes through the 

coordination of laboratory use. Further, SSERVI should encourage community access to facilities developed or sup-

ported by SSERVI funds at a reduced rate. [Section 3]

Finding 6.6

SSTP (Solar System TREKS Project) is a useful resource for the community, but the development of the individual 

TREKS sites and their tools lack a strategic plan for NASA’s investment that aligns with NASA and SSERVI priorities. 

Further, there is overlap of some of the SSTP tools with other NASA geospatial products and services. [Section 7] 
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Recommendation 6.6.1

SSERVI and NASA should review SSTP on an annual basis to develop annual plans and priorities and ensure that 

SSTP development aligns with NASA needs. Further, NASA should evaluate the SSTP mission and consider whether 

to consolidate SSTP development and place it under the purview of the Chief Scientist for the Planetary Data Ecosystem.

Recommendation 6.6.2

SSERVI should require teams/nodes to submit analysis-ready data products to the relevant TREKS portal and then 

communicate the availability of those products to the community (e.g., press releases and social media, as relevant).

7. SSERVI and Commercial Companies

Finding 7.1

The commercial exploration of space has become an important component of the NASA space effort. SSERVI has 

numerous levels of expertise that would be invaluable to the commercial effort. SSERVI is a valuable resource for 

future employees of space commerce. [Sections 5, 8]

Recommendation 7.1.1

Explore new possibilities with commercial entities through relevant workshops and focus groups, and opportunities 

for shared students and/or post-docs.

8. Next Generation Development

Finding 8.1

SSERVI has made important strides in developing and supporting the next generation of early career exploration 

scientists. [Sections 6, 8]

Recommendation 8.1.1

Future CANs should continue to sponsor innovative development opportunities for early career scientists through 

resources such as LunGradCon and activities like field training for early career researchers, however, efforts should 

be made to diversify the locations and training teams to reflect changes in the strategic direction and demographics 

within the community. SSERVI should create an internship/development program for training scientists to become 

effective managers and leaders within the community.

Recommendation 8.1.2

To the fullest extent possible, SSERVI Central should encourage teams to formally track demographics of early career 

researchers, follow/document the careers of students after leaving the program, and communicate success stories of 

early career researchers who obtain jobs in the fields of space science and exploration.
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9. Equity, Diversity, and Inclusion 

Finding 9.1

SSERVI has taken an active leadership role in improving the equity, diversity, inclusivity, and accessibility (EDIA) within 

the planetary science community. [Section 6]

Recommendation 9.1.1

NASA should continue to encourage SSERVI’s EDIA efforts and lead the community by example, develop resources 

for the community to use and share, develop a set of goals for increasing EDIA in the community, formally require 

teams to include EDIA efforts in their proposals, and encourage partnerships with Minority Serving and other institu-

tions that are geographically and ethnically diverse. SSERVI should formally report on and communicate the results of 

EDIA efforts at conferences and in monthly and annual reports.

10. SSERVI Reviews

Finding 10.1

The 2021 SSERVI Senior Review was the first detailed review of this major NASA Program that has been operating 

for 13 years.

Recommendation 10.1.1

SMD and HEOMD should conduct regular reviews of their SSERVI investment and alignment.  The reviews should be 

tied to decadal surveys and NASA Strategic Plan development.   
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SSERVI SECTION 1
INTRODUCTION

NASA’s Solar System Exploration Research Virtual Institute (SSERVI) has been operating as a virtual institute supporting 

more than 200 scientists since 2008, when the institute was established as the NASA Lunar Science Institute (NLSI). 

In 2013, the scope of the institute was expanded to include human exploration targets beyond the Moon. Today, 

the institute includes 12 funded research teams from across the United States and the SSERVI Central Office (the 

administrative node) at NASA Ames Research Center. The institute also extends internationally to include contributing 

research collaborations from international partners. Additional details of the current research teams and activities can 

be found in SSERVI’s Annual Report (2020), and in Schmidt and Gibbs, 2020. 

SSERVI was founded on the principle that science enables exploration and exploration enables science (Wargo, 

2012; Wargo and Schmitt, 2013; Bugos and Boyd, 2015; Schmidt and Gibbs, 2020). The research carried out by 

SSERVI teams goes beyond pure science funded by NASA’s Science Mission Directorate (SMD); it also includes 

research and activities that address questions directly applicable to NASA’s future human exploration of planetary 

surfaces. As such, SSERVI is jointly funded by NASA’s SMD and Human Exploration and Operations Mission Direc-

torate (HEOMD), wherein HEOMD is committed to provide approximately one third of SSERVI’s annual funding. Most 

of the funding from the SMD is derived from the Planetary Science Division, although a substantially smaller portion of 

funding comes from the Astrophysics Division. We note that in late 2021, HEOMD will undergo a reorganization, and 

SSERVI funding from the human exploration side of NASA will be tied to the new Exploration Systems Development 

Mission Directorate (ESDMD). For this document, we will use HEOMD for consistency.

The midterm review of the planetary decadal survey (PDS) in 2018 (page 6-9; National Academies of Science, 2018) 

called for a formal and independent assessment by NASA of how well the program structure and funding of the 

virtual institutes are aligned with the Planetary Science Division’s science goals. They further recommended that such 

a review should be conducted on a regular basis, appropriately phased to the cycle of decadal surveys and midterm 

reviews. The PDS document stated that such a review could include (but not be limited to) an assessment of admin-

istration costs, the effectiveness of the institute in terms of publications, the difficulty of individual principal investiga-

tors (PIs) to get into the institute (where many are funded as teams), and issues of diversity among institute teams.

In response to the midterm decadal survey, NASA requested an independent assessment of SSERVI through a 

SSERVI Senior Review Panel (SSRP). Signed by leadership from both HEOMD’s Science and Technology Utilization 

Office and SMD’s Planetary Science Division, the Terms of Reference (ToR) for the SSRP included the following tasks: 

• An assessment of how well the program structure and funding are aligned with SMD’s science goals. 

• An assessment of how well the program structure and funding are aligned with HEOMD’s exploration goals. 

• An assessment of administrative costs, including governance and overhead costs. 

• An assessment of the effectiveness of the institute in terms of research productivity (i.e., publications). 

• An assessment of the effectiveness and innovative activities of the institute in terms of mission relevance 

and use of the knowledge and products developed for human exploration and operations. 

• An assessment of success with Inclusion, Diversity, Equity and Accessibility (IDEA) issues among institute 

teams. 
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• An assessment of the scientific and operations value and effectiveness of an institute that connects both 

SMD and HEOMD. 

• An assessment of the effectiveness of SSERVI’s efforts for growing and strengthening the community 

(including the next generation and IDEA issues).

• An assessment of the community support provided by SSERVI, such as website development and virtual 

meeting support. 

• An assessment of the value of large SSERVI teams compared with that of NASA’s Research Opportunities 

for Space and Earth Sciences (ROSES) research and analysis programs. 

• An assessment of the effectiveness of SSERVI as a virtual institute. 

• Assessment of other areas deemed important by the SSRP. 

The SSERVI SSRP ToR is in Appendix I.

The SSRP members were selected in January 2021 (Appendix II). Based on both the midterm decadal survey rec-

ommendations and the ToR, the SSRP identified specific documents and information needed from SSERVI for the 

assessment. The SSERVI Central Office at NASA Ames provided the requested information by the June 11, 2021, 

deadline. The Director of SSERVI (Greg Schmitt) provided an overview of SSERVI science and exploration goals and 

diversity, team productivity, costs, diversity, and community benefits to the SSRP on August 26, 2021. The SSRP 

provided an overview of its goals and an executive summary to the 2021 planetary science decadal survey at  

appropriate times.

The structure of the report provides assessments of SSERVI through alignment with SMD goals and impact of science, 

impact of SSERVI on bridging and supporting HEOMD and SMD, growing community and service to community, 

administrative services and costs, and value of virtual teams and future opportunities for SSERVI. The link between 

these sections in the report and the recommendations from the midterm decadal survey and ToR tasks are illustrated 

in Table 1.1.
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Sections in this Review ToR Tasks Midterm Decadal Recommendations

2.0 NASA LSI-SSERVI History The purpose and scope of the SSERVI Senior Review  A review should be conducted on a regular basis,  
 Panel  is to provide an independent assessment of the  appropriately phased to the cycle of decadal 
 virtual institute. surveys and midterm reviews.

3.0 Alignment with SMD Goals An assessment of (a) how well the program structure A review should be conducted on a regular basis,  
and Impact on Science and funding are aligned with SMD’s science goals,  appropriately phased to the cycle of decadal 
 (b) the value of large SSERVI teams compared with that  surveys and midterm reviews. Such a review  
 of ROSES research and analysis programs, and (c) the  could include an assessment of the effectiveness 
 effectiveness of the institute in terms of research  of the institute in terms of publications and the  
 productivity, i.e., publications. difficulty of individual principal investigators (PIs)   
  to get into the SSERVI. 

4.0 Alignment with HEOMD An assessment of (a) how well the program structure  A review should be conducted on a regular basis,  
goals and impact on exploration and funding are aligned with HEOMD’s exploration goals,  appropriately phased to the cycle of decadal 
goals (b) value of large SSERVI teams compared with that of  surveys and midterm reviews. 
 ROSES research and analysis programs,  (c) the  
 effectiveness of the institute in terms of research  
 productivity, i.e., publications 

5.0 Impact of SSERVI on An assessment of (a) the scientific and operations value  A review should be conducted on a regular basis,  
bridging and supporting HEOMD and effectiveness of an institute that connects both  appropriately phased to the cycle of decadal 
and SMD SMD and HEOMD, (b) the effectiveness and innovative  surveys and midterm reviews. 
 activities of the institute in terms of mission relevance  
 and use of the knowledge and products developed for  
 human exploration and operations.  

6.0 Growing community and An assessment of the effectiveness of SSERVI (a) efforts  A review should be conducted on a regular basis, 
service to community for growing and strengthening the community (including  appropriately phased to the cycle of decadal  
 the next generation and IDEA issues), (b) provide  surveys and midterm reviews. Such a review 
 community support, such as website development and  could include an assessment of issues of   
 virtual meeting support, and (c) success with Inclusion,  diversity among institute teams. 
 Diversity, Equity and Accessibility (IDEA) issues among  
 institute teams. 

7.0 Administrative services and An assessment of administrative costs, including  A review should be conducted on a regular basis,  
costs governance and overhead costs. appropriately phased to the cycle of decadal  
  surveys and midterm reviews. Such a review  
  could include an assessment of administration  
  costs. 

8.0 Value of virtual teams and  An assessment of (a) the effectiveness of SSERVI as a  A review should be conducted on a regular basis, 
future opportunities for SSERVI virtual institute, (b) effectiveness and innovative activities  appropriately phased to the cycle of decadal 
 of the institute in terms of mission relevance and use of  surveys and midterm reviews. Such a review 
 the knowledge and products developed for human  could include an assessment of the difficulty of  
 exploration and operations, and (c) the scientific and  individual principal investigators (PIs) to get into 
 operations value and effectiveness of an institute that  the SSERVI. 
 connects both SMD and HEOMD. 

9.0 Summary of Findings The purpose and scope of the SSERVI Senior Review  A review should be conducted on a regular basis, 
 Panel  is to provide an independent assessment of the appropriately phased to the cycle of decadal
 virtual institute. surveys and midterm reviews.

Table 1.1: Links between sections in this report and midterm decadal recommendations and the Terms of Reference 

(ToR) defined tasks.
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SSERVI SECTION 2
WHAT IS NASA’s SSERVI: A BRIEF HISTORY

Creation and Evolution of the NASA LSI-SSERVI  

In March 2008, NASA established a second virtual institute at the Ames Research Center in Silicon Valley, the NASA 

Lunar Science Institute (NLSI). It was modeled on NASA’s Astrobiology Institute with a small central staff located at 

NASA Ames and dispersed teams across the nation working together to help lead the agency’s research activities 

related to NASA’s lunar human exploration goals. Figure 2.1 graphically shows the development arc of the virtual 

institute over time, from the inception of NLSI in 2008, through the development of  the Solar System Exploration 

Research Virtual Institute (SSERVI). 

Initially, Dr David Morrison was selected as the NLSI interim director, succeeded by Dr. Yvonne Pendleton as director 

in 2010. Prior to the NLSI research nodes being chosen, the NLSI supported a small pathfinding internship program 

in the summer of 2008 in cooperation with the NASA Academy and other existing programs. In July 2008, the NLSI 

sponsored the first Lunar Science Forum at NASA Ames. Later that year, the seven initial NLSI nodes were com-

petitively selected from universities (Brown University, University of Colorado, 2 teams), research institutions (Johns 

Hopkins University Applied Physics Laboratory, Lunar and Planetary Institute, and Southwest Research Institute), and 

national laboratories (NASA Goddard Space Flight Center). Co-Is and collaborators were members of these individual 

nodes. In addition, the NLSI developed a partnership program with seven international partners to provide collabora-

tive opportunities across the global planetary science community (Figure 2.2).

 

Figure 2.1: Research nodes funded during the history of the NLSI and SSERVI. Also listed are the duration each 

director served (David Morrison, Yvonne Pendleton, Greg Schmidt), and team selected during each CAN selection. 

Number of nodes per year are illustrated along the bottom of the chart.
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In 2013 the NLSI became the SSERVI and expanded its planetary portfolio to include near-Earth asteroids and mar-

tian moons Phobos and Deimos. This was a direct response to the changing direction of NASA’s human exploration 

goals to deemphasize the Moon and to add other potential targets for human exploration. In response to SSERVI 

CAN 1 (NASA, 2013), nine teams were selected. These first SSERVI teams included five teams previously selected 

as original NLSI nodes and four new starts. In response to SSERVI CAN 2 (NASA, 2016a), four new teams were 

selected, bringing the total number of SSERVI nodes to thirteen. For SSERVI CAN 3 (NASA, 2018), eight nodes were 

selected. Five of these nodes had been previously selected during SSERVI CAN 1. Nodes funded under the SSERVI 

(CAN 1-3) include Brown University, LPI, GSFC, University of Washington St. Louis (UWStL), Stony Brook University, 

NASA Ames, University of Colorado, Georgia Institute of Technology, Southwest Research Institute, Planetary Sci-

ence Institute, University of Maryland, and University of Central Florida. As of 2021, twelve SSERVI nodes are funded. 

With the reconfiguration of NLSI to SSERVI, an additional six international members have an association with SSERVI 

(Figure 2.2). During its existence as the SSERVI, there have been a total of sixteen nodes funded (Figure 2.1) covering 

a wide range of planetary science and exploration themes including numerous research themes with both scientific 

and exploration significance (Figure 2.3). 

Figure 2.2: International partners and the year they joined NLSI-SSERVI.

2.1 Overarching Goals

The NLSI virtual research organization was designed to leverage expertise from the science and exploration com-

munities to support NASA’s goals in lunar science (as outlined by the National Research Council (NRC) and relevant 

NASA studies) as well as human exploration beyond low Earth orbit. It was NASA’s intent to use the NLSI to contrib-

ute to building a lunar science community, training the next generation of lunar scientists, and communicating lunar 

science with educators and the public. In addition, some of the research focus was to fill Lunar Strategic Knowledge 

Gaps (SKG) for human return to the Moon (see NASA, 2016b). The focus of NLSI lunar science was broadly defined 

as Science of the Moon that focused on investigating the composition, structure, and history of the Moon as each 

relates to the evolution of the Earth, Moon and Solar System; Science on the Moon that included investigations of the 

effects of lunar material and the environment on terrestrial life and robotic equipment; Science from the Moon which 

involved exploring science that was uniquely enabled by being on or near the Moon, including celestial and Earth 

observations.
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Figure 2.3: Science and exploration themes covered by SSERVI nodes.

With the change in NASA human exploration aspirations to include other solar system bodies including near-Earth 

Asteroids (NEA) and the moons of Mars, the SSERVI was created from the NLSI to further the goals of science and 

exploration by addressing fundamental science questions and human spaceflight concerns, i.e., to bring science to 

bear on issues related to potential targets for human exploration. While NASA’s horizon destination is Mars, there 

was a mandate for human exploration of Near-Earth Asteroids (NEAs). An Institute that includes not only the Moon, 

but other potential destinations, was needed because there are Strategic Knowledge Gaps (SKGs) that apply across 

all potential human destinations (NASA, 2016b). Wargo and Schmidt (2013) outlined the goals of the new planetary 

science and exploration institute. The 2013 SSERVI goals are provided below.

• Advance basic and applied research fundamental to lunar and planetary science, and advance human 

exploration of the solar system through scientific discovery and advancement. 

• Conduct and catalyze collaborative research in lunar and planetary science, enabling cross-disciplinary 

partnerships throughout the science and exploration communities. 

• Provide scientific, technical, and mission-relevant analyses for appropriate NASA programs, planning and 

space missions as requested by NASA. 

• Explore innovative ways of using information technology for scientific collaboration and information  

dissemination across geographic boundaries. 

• Train the next generation of scientific explorers through research opportunities and encourage global  

education and public outreach (EPO) through formal education, informal programs, and participatory 

public events.



20

. . . . . . .

 . 
. .

 . 
. .

. . . . . . .

2.2 Description of Nodes 

Research nodes have been selected under three cycles of competed CANs (see NASA 2013, 2016a, 2018). In  

2021 there are 12 research nodes funded under the SSERVI banner. In addition to these nodes there are also 

Co-Investigator (Co-I) institutions in the United States that receive awards through sub-contracts from the primary 

nodes, collaborative institutions in the United States that do not receive funding, and foreign institutions and agencies 

that do not receive funding from NASA. The international partners potentially receive funding from their own govern-

ments. Currently funded SSERVI nodes are located in 9 states (California, Arizona, Colorado, Texas, Missouri, Florida, 

Georgia, Maryland, and New York) with associated researchers in 23 states (Figure 2.4). Between Fiscal Years FY17 

and 19 there were 432 individual team members with 260 individual domestic, funded researchers. That number 

increased to 457 individual researchers between FY20 and 22 with 264 domestic members receiving funding. 

Figure 2.4: Distribution of nodes and node members in the United States in 2021.

The NASA funded US nodes and their overall research themes are as follows.

• Center for Lunar and Asteroid Surface Science (CLASS); principal investigator Dan Britt, University of 

Central Florida (UCF) in Orlando. The focus of this node is on the regolith of the Moon and asteroids, 

specifically looking at the physical properties and resources of regolith and its behavior in the space 

environment. CLASS also will create soil simulants that will help other teams and the broader science 

community in this research area. Selected during CAN 3. Previously selected during CAN 1.

• Interdisciplinary Consortium for Evaluating Volatile Origins (ICE FIVE-O); principal investigator Jeffrey 

Gillis-Davis, at Washington University. This node focuses upon remote sensing of airless bodies and how 

things weather in space. Research includes modeling the physical, chemical, and isotopic signatures 

around the Moon’s polar regions. ICE FIVE-O addresses curation protocols for sample return and the 

evolution of volatiles, or low-boiling point compounds, and minerals within long-duration, curated samples. 

Selected during CAN 3.
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• Remote, In Situ, and Synchrotron Studies for Science and Exploration 2 (RISE2); principal investigator 

Timothy Glotch, Stony Brook University in New York. This node investigates how planetary environments 

impact human health by looking at the chemical reactivity of regolith in association with animal cells and 

tissues. RISE2 also will analyze how remote sensing datasets can be confirmed through laboratory ex-

periments, analyses, and field deployments. Selected during CAN 3. Previously selected during CAN 1.

• Resource Exploration and Science of OUR Cosmic Environment (RESOURCE); principal investigator Jen-

nifer Heldmann, NASA’s Ames Research Center in California’s Silicon Valley. This team focuses on deter-

mining what volatiles are available on the Moon for in-situ resource utilization. It will assess the quantity 

and availability of resources on the Moon, test the technology required for processing those resources, 

and field test the concepts of operations required for sustained human lunar presence. Selected during 

CAN 3. The PI and institution were previously selected during CAN 1 under a different theme (FINESSE).

• Institute for Modeling Plasmas, Atmospheres, and Cosmic Dust (IMPACT); principal investigator Mihaly 

Horanyi, University of Colorado Boulder. The focus of this team is the measurement of micron-sized dust 

impacts in icy regolith using the world’s fastest “dust impact” facility, and they will develop hardware to 

determine secondary particle generation and examine how that hardware degrades over time. IMPACT 

also will use laboratory experiments to help validate theories of dust and volatile mobility and modeling 

efforts being completed by other SSERVI teams. Selected during CAN 3. Previously selected during 

CAN 1 and a member of the NLSI.

• Lunar Environment and Dynamics for Exploration Research (LEADER); principal investigator Rosemary 

Killen, NASA’s Goddard Space Flight Center in Greenbelt, Maryland. This team focuses on plasma inter-

actions with airless bodies and determining the effects of the space environment on robotic and human 

assets at various geographic locations on the Moon. The team also will model the radiation environments 

and related effects associated with space exploration. Selected during CAN 3. Aspects of this theme 

and this institution had been previously selected during CAN 1;  also, a member of the NLSI.

• Center for Lunar Science and Exploration (CLSE); principal investigator David Kring, Lunar and Planetary 

Institute in Houston. The focus of this team is to track the distribution and form of volatiles from the early 

solar system to the formation of the Moon and subsequent evolution to today. This team examines the 

volatile cycle on the Moon to determine overall source and loss mechanisms and how we can use these 

resources. Selected during Can 3. Previously selected during CAN 1 and an original member of the NLSI.

• Geophysical Exploration of the Dynamics and Evolution of the Solar System (GEODES); principal inves-

tigator Nicholas Schmerr, University of Maryland in College Park. This team uses geophysical modeling 

and laboratory techniques to characterize the overall evolution, stability, and volatile content of the Moon 

and asteroid subsurfaces. GEODES will test its theories through analog field campaigns in conjunction 

with other NASA/SSERVI instrument testing efforts. Selected during CAN 3.

• Network for Exploration and Space Science (NESS); principal investigator Jack Burns, University of 

Colorado in Boulder, CO. This team is conducting research in robotics, cosmology, astrophysics and 

heliophysics. Selected during CAN 2. Previously a node in the original NLSI.

• Exploration Science Pathfinder Research for Enhancing SS Observations (ESPRESSO); principal inves-

tigator Alex Parker, Southwest Research Institute in Boulder, CO. This team is considering a range of 

science and operations objectives relevant to characterizing target surfaces and mitigating hazards that 

create risk for robotic and human explorers. The team was selected during CAN 2.
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• Toolbox for Research and Exploration (TREX); principal investigator Amanda Hendrix, Planetary Science 

Institute in Tucson, AZ. The focus of this team is on laboratory spectral measurements and experiments, 

data analysis, surface characteristics and In Situ Resource Utilization (ISRU) on airless bodies. Selected 

during CAN 2.

• Radiation Effects on Volatiles and Exploration of Asteroids and Lunar Surfaces (REVEALS); principal 

investigator Thomas Orlando, Georgia Institute of Technology in Atlanta, GA. The node’s focus is on radi-

ation chemistry, volatile formation, volatile sequestration and transport, regolith, and composite materials. 

Selected during CAN 2.

Previous nodes that had been selected during CAN 1 and are no longer active are:

• Institute for the Science of Exploration Targets (ISET); principal investigator William Bottke, Southwest 

Research Institute in Boulder CO. The focus of this team was on the formation of terrestrial planets and 

asteroid belt, modeling of the Moon’s origin and Phobos/Deimos, history of NEAs and lunar bombard-

ment, NEA origins, identification, and characterization. Previously a node in the NLSI.

• Volatiles, Regolith and Thermal Investigations Consortium for Exploration and Science (VORTICES); 

principal investigator Andy Rivkin, Johns Hopkins University Applied Physics Laboratory in Laurel MD. 

The focus of this team was on volatile sources/sinks/processes and interaction with regoliths, evolution 

of regoliths on all target bodies, identification, and exploitation of resources.

• Dynamic Response of Environments at Asteroids, the Moon, and moons of Mars (DREAM2); princi-

pal investigator William Farrell, NASA Goddard Space Flight Center in Greenbelt MD. The focus of this 

team was on plasma interactions, exospheres, radiation of exposed materials, space weathering, solar 

storms/solar wind.

• Field Investigations to Enable Solar System Science and Exploration (FINESSE); principal investigator 

Jennifer Heldmann, NASA Ames Research Center, CA. Field operations and metrics for human explora-

tion and analog research was the focus of this team.

• Evolution and Environment of Exploration Destinations: Science and Engineering Synergism (SEEED); 

principal investigator Carle Pieters, Brown University in Providence RI. This node focused upon the 

thermal/chemical evolution of planetary bodies, origin and evolution of volatiles, remote sensing, space 

weathering of regoliths.

As NASA moves forward to explore the Moon with both humans and robotic missions, over the next 5 years it is 

anticipated that the SSERVI will evolve in its scope. Dr. Greg Schmidt was selected as director of the SSERVI in 2018 

and has been developing a vision for the institutes in response to these new developments. Guiding documents will 

include the Science Context for Exploring the Moon (NRC, 2007) and its update prepared by LEAG, the Planetary 

Science Decadal Studies prepared by the NRC and, Science 2020-2024: A Vision for Science Excellence, LEAG 

Roadmap, and Artemis III Science Definition prepared for NASA Science/Exploration, International Space Exploration 

Coordination Group (ISECG) prepared Global Exploration Roadmap and Scientific Opportunities Whitepaper  

(ISECG 2018). 
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SSERVI SECTION 3
ALIGNMENT WITH THE SCIENCE MISSION DIRECTORATE GOALS AND
IMPACT ON SCIENCE

Creation and Evolution of the NASA LSI-SSERVI  

In this section we discuss how well the SSERVI Program structure is aligned with SMD’s science goals, examine the 

effectiveness of the institute in terms of research productivity, and evaluate the value of the large SSERVI team model 

compared with NASA’s ROSES research and analysis (R&A) programs. 

3.1 Alignment of Scientific Themes and Contributions

3.1.1 Mapping SSERVI team products to NASA SMD Research Priorities 

There have been a number of NASA and SMD Strategic Planning and Science Vision documents since the inception 

of SSERVI as NLSI. (https://science.nasa.gov/about-us/science-strategy). NASA’s HEOMD published an exploration 

objectives document in 2016, with a revision published in 2017. In 2018, four strategic goals for human exploration 

were defined for Artemis missions and return to the  Moon (https://www.nasa.gov/feature/nasas-exploration-cam-

paign-back-to-the-moon-and-on-to-mars) in response to the U.S. Executive Office Space Policy Directive 1 (2017), 

that was incorporated into Strategic Goal 2 (NASA, 2018). These and other strategic priorities, and the SSERVI align-

ment with the  priorities were highlighted to the SSRP at the SSERVI Senior Review presentation by SSERVI Central 

in Aug 2021 (see Figure 3.1). 

 

NASA’s overarching strategic documents are referenced in SSERVI CANs, with the common language that “The pro-

posed research should address NASA’s basic (science) and applied (exploration) research goals”; in addition, propos-

ers have been pointed to a variety of guiding documents in each CAN, as well as specific research topics that should 

be addressed, with the addition of four In-situ Resource Utilization (ISRU) topics in CAN-3. Thus, the SSERVI CANs 

provide a wide variety of potential research foci and this research spectrum is reflected in the proposal topics of past 

and current SSERVI teams. 

The science goals and objectives laid out in the strategic documents listed in Fig. 3.1 are very broad and the research 

focus and resulting products that have been produced by the NLSI/SSERVI teams over the years can be thought of 

as generally fitting into these broad goals. While SSERVI Central tracks broad research efforts of each team, SSER-

VI Central’s data do not include quantitative data or analyses of today’s SSERVI alignment to current NASA science 

priorities, nor was a record of historical SSERVI alignment with previous SMD (or NASA) priorities provided by SSERVI 

Central. The SSRP reviewed the SSERVI annual reports, and relevance to SMD’s Science priorities is discussed in 

general terms, but there is no discussion of how the work generated by SSERVI teams (publications or other research 

products) are mapped to or specifically address NASA’s strategic goals and objectives. In addition, we could not de-

termine any quantitative assessment of how each team is addressing the specific criteria in the CAN they proposed 

to. While SSERVI’s scientific productivity is impressive (see section 3.2), specific metrics that link research results to 

priorities and CAN criteria are lacking. SSERVI’s need for metrics is summarized in Finding 3.1 (the development of 

quantitative metrics to evaluate the effectiveness of individual nodes, their products, and SSERVI as a whole) and 
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Recommendations 3.1.1 and 3.1.2 (strategic coordination between SSERVI Central leadership and NASA mission 

directorates, and development of quantitative metrics for tracking research to NASA priorities). Future strategic plan-

ning efforts should define quantitative metrics that can be used to assess success of SSERVI Teams.

The SSRP was encouraged that SSERVI promotes new and innovative research by SSERVI teams that expands their 

research outside of the specific topics in their original proposals, enabling SSERVI team flexibility to address changing 

NASA priorities. Again, it was difficult to find any quantitative assessment of “new research” in the documents provid-

ed. SSERVI Central provided the example in their August 2021 presentation highlighting the SSERVI shift to volatile 

research after the 2009 discovery water on the Moon (Pieters, et al, 2009), and cited the SSERVI participation to draft 

the 2018 “Transformative Lunar Science” white paper at the request of NASA. The “Transformative Lunar Science” 

white paper is duly noted as a valuable contribution. However, it would be good to see an updated version of this 

white paper published in the peer-reviewed literature as a citable metric of SSERVI science.

Priority 1
Exploration and Scientific Discovery

STRATEGY 1.1: Execute a balanced science program based on dis-
cipline-specific guidance from the National Academies of Sciences, 
Engineering, and Medicine, Administration priorities, and the direction 
from Congress.

STRATEGY 1.2: Participate as a key partner and enabler in the agen-
cy’s exploration initiative, focusing on scientific research of and from 
the Moon, lunar orbit, Mars, and beyond.

STRATEGY 1.3: Advance discovery in emerging fields by identifying 
and exploiting cross-disciplinary opportunities between traditional 
science disciplines.

STRATEGY 1.4: Develop a Directorate-wide, target-user focused 
approach to applied programs, including Earth Science Applications, 
Space Weather, Planetary Defense, and Space Situational  
Awareness.

Priority 3
Interconnectivity and Partnerships

STRATEGY 3.1: Actively engage with the NASA Centers to make 
more informed strategic decisions that further NASA’s scientific goals 
and are aligned with each Center’s unique capability.

STRATEGY 3.2: Actively seek collaborations with international partners 
based on their unique capabilities and mutual scientific goals.

STRATEGY 3.3: Actively engage with other federal agencies to make 
more informed decisions, cooperate in scientific research, and pursue 
partnerships that further national interests.

STRATEGY 3.4: Provide increasing opportunities for research insti-
tutions, including academia and non-profits, to contribute to SMD’s 
mission.

STRATEGY 3.5: Pursue public-private partnerships in support of 
shared interests with industry.

Priority 2
Innovation

STRATEGY 2.1: Foster a culture that encourages innovation and 
entrepreneurship across all elements of the SMD portfolio.

STRATEGY 2.2: Foster a culture that encourages collaboration in 
pursuit of common goals.

STRATEGY 2.3: Enhance our focus on high intellectual risk/high 
impact research investments.

STRATEGY 2.4: Drive innovation in focused technology areas to 
capitalize on the rapid evolution of commercial capabilities.

Priority 4
Inspiration

STRATEGY 4.1: Increase the diversity of thought and backgrounds 
represented across the entire SMD portfolio through a more inclusive 
environment.

STRATEGY 4.2: Purposefully and actively engage with audiences 
and learners of all ages to share the story of NASA’s integrated 
science program.

Figure 3.1: SSERVI Alignment (in blue) to NASA SMD Science Priorities from “Science 2020-2024,  

A Vision for Science Excellence”
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3.1.2 SSERVI Focus 

The SSERVI provided information to the SSRP describing science and exploration focus and how the individual 

SSERVI teams address science and exploration topics (e.g., SSERVI website, SSERVI presentation to the SSRP). A 

summary of SSERVI focus and node overlap is illustrated in Fig. 2.3 in Section 2. Research priorities of each team are 

plotted on the chart in Figure 2.3 with the  horizontal axis representing a two-dimensional qualitative scale of science 

and exploration focus. The figure highlights SSERVI’s significant scientific and exploration diversity. Given the breadth 

of research areas, the multiple areas of research in each team, and the changes in strategic direction over the years 

(a three-pronged approach to examine the Moon, asteroids, and the moons of Mars) the SSRP questioned whether 

SSERVI’s resources were efficiently applied – can SSERVI cover or financially engage all aspects of planetary science 

community related to its defined targets?  Further, starting in 2018, NASA’s human exploration goals shifted, and to-

day place significant focus on the Earth’s Moon. This indicates that SSERVI targets for study are diluted from NASA’s 

current human exploration mission [Finding 2.1]. One recommendation from the SSRP is that SSERVI focus should 

be directed on the Earth’s Moon for the next cycle of node selections, and the current SSERVI nodes should align 

their work to include an increased focus on the Moon. Further, with both SMD and human exploration’s emphasis on 

returned samples from the Moon, the review panel notes that sample science is not sufficiently supported [Finding 

2.2]. Redirecting more SSERVI research to include a greater focus on sample science could also benefit the adjacent 

SSERVI goal to grow the planetary science community and provide the base capable of supporting SMD priorities 

that include new sample return campaigns from the Moon over the next decade.

3.2 Quality of the Science and Research Productivity

One of the major findings from the SSRP is the need to conduct strategic coordination with NASA [Finding 1.2] and 

develop quantitative mechanisms to evaluate SSERVI’s research success, both for scientific/exploration impact and 

for relevance to NASA priorities [Finding 3.1, Recommendations  3.1.1 and 3.1.2]

3.2.1 Peer-Reviewed Publications

As of August 2021, SSERVI is tracking over 1,320 peer-reviewed publications (self-reported by the teams) that have 

been generated by SSERVI and SSERVI-related research, with almost 30% containing student co-authors and an 

average of 135 publications per year. SSERVI has done a good job of keeping track of publications generated by the 

various teams over the years (https://sservi.pubdb.marqui.tech/publications/), although only 1123 papers are on this 

site. Probing the site, the review panel found references that cited other NASA funding sources, and no reference 

to SSERVI support. In further reporting of science products, care must be taken to ensure that they are products 

of SSERVI funding or to at least identify reported products that were inspired by SSERVI node interactions. SSERVI 

Central should emphasize that acknowledgement of SSERVI funding must be in all papers and products that have 

such funding [Recommendation 3.1.3].

There is no doubt that the quantity of science papers produced by SSERVI teams is impressive. However, in judging 

the quality and impact of the research one has to go below the numbers. This is not possible on the current web 

site, nor with the data the Senior Review has been given. It is difficult, therefore, to assess the quality of the research 

output from SSERVI (and NLSI before that) in terms of impact of the research. There are relatively straightforward ap-

proaches that SSERVI may use in the future to communicate the quality and impact of its work. For example, keeping 
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track of publications in high-impact journals (e.g., Science and Nature and derivatives thereof) would be useful. In 

fact, having the journal impact factor also listed on the web site would be very useful for getting an idea of the impact 

of SSERVI science. Further, evaluating the impact of a manuscript or node may be analyzed by the number of times it 

has been cited in the literature. Although perhaps impractical to list the number of citations for each SSERVI manu-

script, perhaps a running total each year of the top 25 cited manuscripts would be an approach that helps to com-

municate the science impact of SSERVI research. This would be valuable data for the next SSERVI Senior Review. 

Two positive metrics already implemented in the SSERVI publication database are the specific reference by SSERVI 

of student involvement in the tracked papers, and also cross-team participation. 

Within the SSERVI publication database, there are science products that presented unique perspectives and stirred 

scientific debate within the planetary science community. A select number of these science products include (1) Sig-

nificant lunar volcanism produced a  transient lunar atmosphere that fed some indigenous volatiles to the South Pole 

of the Moon (Needham and Kring, 2017 (cited by 64)); (2) Profound and pioneering understanding of lunar volatiles 

and their role in shaping the Moon (Hauri et al., 2017 (cited by 17); Wilson and Head, 2018 (cited by 28)); (3) The 

impact history of the inner solar system (Canup and Salmon, 2018 (cited by 41); Bottke and Norman, 2017 (cited 

by 106)); (4) Creation of a design for an entirely new field of low ratio frequency astrophysics and chronology using 

the radio-quite lunar farside that potentially allows the exploration of the structure of the early universe (Burns et al., 

2021 (cited by 9); Burns, 2020 (cited by 7)); (5) Establish a better understanding of the lunar H cycle and the role near 

surface defects have on surface reactivity (Killen et al., 2019 (cited by 2);  Tucker et al.,2019 (cited by 20)); (6) Sci-

ence associated with analog studies (Heldmann et al. 2015 (cited by 9); Hofmeister et al., 2016 (cited by 15)). These 

themes were brought to the attention of the SSRP by the SSERVI Central. 

3.2.2 Other Science and Research Metrics

A lot of emphasis has been placed on peer-reviewed publication numbers as an assessment of science quality 

and research productivity. However, other metrics should also be assessed with the same emphasis. For example, 

training the next generation is critical in ensuring that a vibrant SSERVI community is available to take on leadership 

roles in future SSERVI CAN proposals. Research conducted by post-doctoral research fellows, graduate students, 

undergraduate students is currently highlighted, but what about new and innovative course work developed be-

cause of SSERVI research to inform and educate the next generation? Involvement of students and postdocs should 

receive more emphasis in future evaluations. Another example is public outreach and science communication to new 

communities. This is emphasized in quarterly reports by the various teams, but it is not used to assess the impact of 

SSERVI funding and the success of each team. Finally, products other than peer-reviewed journal papers need to be 

included, such as computer programs, analysis algorithms, educational aids for the classroom, etc. 

For those teams that include research with exploration themes, counting the number of peer-reviewed research pa-

pers will not truly represent the productivity of the SSERVI-funded research in this area. Therefore, other metrics are 

required, but none are presented such that a quantitative assessment of exploration research productivity could be 

given. This may be related to an issue raised in Section 4 below, that while SSERVI-funded exploration research is rel-

evant to human exploration, it is not always useful. It is critical that the SSERVI investment in scientific and exploration 

research be coordinated and communicated, and in a form that is useful to human exploration activities. Therefore, 

quantitative metrics need to be developed on how to assess exploration-related research in the future. These metrics 

could include activities and products from SSERVI such as fast response teams to urgent requests from HEOMD, 



27
. . . . . . .

. . . . . . .
 . 

. .
 . 

. .

field campaign reports that directly meet/address specific human exploration objectives as detailed in NASA docu-

ments, or new tool development for use in fieldwork.

Finally, teams that have developed new research thrusts on the basis of either new data from initial SSERVI-funded 

investigations or from new mission data need to be documented. SSERVI prides itself on being able to react to new 

discoveries and new data. It is time to quantify that so future funding is never an issue.

3.3 Value of Large Teams v. NASA’s Research Opportunities In Space and Earth Sciences  
 Research and Analysis (ROSES R&A)

Many aspects of this theme are discussed in Section 8.0; however this aspect is considered here as it applies to 

science and NASA’s ROSES R&A calls. As noted above, one of the unique aspects of SSERVI is that the large teams 

comprising the virtual institute as a whole can bring different perspectives and approaches to a research topic, and 

teams have the ability to develop new research activities on the basis of new data/discoveries and/or to initial results 

of research proposed in response to the SSERVI CAN. While this should be used to evaluate science quality and 

research productivity, it highlights the value of relatively large multidisciplinary and interdisciplinary teams. Such teams 

are difficult, if not impossible, to put together to tackle research questions through standard NSPIRES R&A programs. 

In addition, SSERVI funding for 5 years represents stability such that support PhD students, providing the potential 

for students to work and graduate in one or two funding cycles and not have dissertations cobbled together through 

different and often disparate 2 to 3 year projects. This is important for the future of our community [Finding 4.1].

The attributes of stable funding and large teams provide clear advantages for enabling innovative and multi- 

disciplinary research, providing the stability to include students and mentor early career professionals, and providing 

the breadth of research mission to tackle new discoveries or respond to new agency priorities. Some of those  

advantages are highlighted below.

• SSERVI teams provide a critical mass of researchers likened to having your own department all focused 

on the same research questions. 

• The stability of SSERVI funding also promotes cooperation within and between large teams such that 

more progress can be made on relevant planetary issues than through the traditional R&A programs. 

This is because the funding rates of the latter are so low, good ideas are not shared until “the paper is 

published”. The stability of funding means SSERVI PIs spend more time doing science than writing pro-

posals, which is a definite “win” for everyone!

• Large teams are enabled to promote inclusion and diversity. The teams provide the opportunity for 

seasoned PIs to mentor new faculty, post-docs, and students. How well these large teams are integrat-

ed requires PI leadership and open and effective communication, and team integration, mentorship and 

inclusivity should be a metric upon which each SSERVI team is judged. 

• Large and diverse teams have the resources to quickly react to new data and discoveries [Finding 3.2]. 

This was highlighted by SSERVI Central, in their presentation to the SSRP, citing the 2018 white paper 

“Transformational Lunar Science” as an example of the quick-turnaround science output. However, that 

work has not been published in the peer-reviewed and citable literature. It seems that such a paper, and 

maybe a companion one for exploration, should be written by the teams every 4-5 years as a testament 

to the new breakthroughs made due to SSERVI funding cycle.
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• SSERVI teams and stable funding was also likened to having a mission team. Involvement of SSERVI 

team members in ongoing missions and in developing new mission concepts should be encouraged and 

represents another metric by which the effectiveness of large teams, and SSERVI funding overall, can be 

evaluated. Missions and the data/samples they return are the lifeblood of planetary science and explora-

tion. It is only natural that SSERVI team members should be encouraged to get involved and even lead 

such initiatives.

In summary, NASA’s SSERVI has provided an important research platform to the planetary science community, with 

stable funding and broad opportunities to tackle NASA’s strategic science and exploration goals. The style of re-

search complements the more targeted ROSES R&A program in the planetary sciences. The research impact from 

SSERVI can be strengthened by more focused alignment with NASA’s strategic priorities, in close coordination with 

SMD and human exploration, and encoded in a SSERVI charter [Finding 1.2]. With the development of meaningful 

metrics, and strategic application of SSERVI’s flexibility to promote new and innovative research, SSERVI’s scientific 

and exploration value and impact can continue to grow. 
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SSERVI SECTION 4
ALIGNMENT WITH AND IMPACT ON HUMAN EXPLORATION GOALS

SSERVI is jointly funded by both NASA’s Science Mission Directorate (SMD) and Human Exploration and Operations 

Mission Directorate  (HEOMD) (see also the discussion in Section 7, Administrative Services and Costs). The Insti-

tute’s guiding principal, “science enables exploration and exploration enables science” (Wargo, 2012; Wargo and 

Schmitt, 2013; Bugos and Boyd, 2015; Schmidt and Gibbs, 2020) underpins the primary research focus of explora-

tion science, that supports human exploration and the science that is derived from human exploration beyond Earth 

(Schmidt and Gibbs, 2020). The idea for the original virtual institute was specifically about lunar exploration and lunar 

science, with direct ties back to the National Research Council’s Scientific Context for the Exploration of the Moon 

(NRC, 2007). The SSERVI CAN 3 solicitation states “innovative research program addressing basic and/or applied 

research fundamental to understanding the nature of the Moon, Near Earth Asteroids (NEAs), the martian moons 

Phobos and Deimos, and the near space environments of these bodies, to enable eventual human exploration of 

these destinations.”  In light of the Administration’s focus on returning to the Moon, as well as the near-term opportu-

nities that will be provided by the burgeoning commercial lunar industry, proposals that address these near-term lunar 

needs and opportunities should be given preference. With this focus, a significant percentage of research performed 

by SSERVI teams includes links to human exploration. 

NASA’s changing human exploration goals and destinations since 2008 (swinging from the Moon between 2008-

2010, to near-Earth asteroids, and back to the Moon and Mars) have provided both focus (first NLSI, then expanding 

to SSERVI to include broader research on asteroids and other solar system bodies), as well as challenges in terms 

of providing research and exploration products that are relevant and useful to human exploration. Other challenges 

include the fact that SSERVI funding from HEOMD has not been consistent and is subject to variables associated 

with annual congressional appropriations and NASA imperatives tied to human spaceflight system development and 

operations. Over the lifetime of SSERVI, NASA’s human exploration contributions have ranged from zero to approxi-

mately 30%. The target HEOMD contribution today is approximately 25% of the Institute’s costs (see Figure 4.1). The 

documents provided by SSERVI Central also reference the human exploration-SMD integration challenges due to 

changing management structure and points of contact within HEOMD. 

In this section, we discuss: (1) SSERVI’s exploration themes and contributions; (2) SSERVI productivity in terms of 

deliverables that can be used by human exploration for planning, operations, and utilization; and (3) an assessment of 

the value of the work provided to human exploration activities by the large and diverse SSERVI enterprise.

 

4.1 Exploration Themes and Contributions

4.1.1 Overview of SSERVI Node Exploration Activities

The following sections summarize, at a high-level, the relevant human-exploration components of the virtual institute 

as it has evolved from the original NLSI through the three SSERVI CAN cycles. The intent is to capture the explora-

tion-relevant research themes and activities conducted by the Institute teams during these funding cycles.
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4.1.1.1 NLSI

Prior to the formation of SSERVI, the seven funded NLSI nodes conducted research strongly focused (as self-report-

ed) on exploration topics in the following areas:

• Model integration and applications to lunar environmental extremes (DREAM)

• Applications to robotic and human exploration (DREAM)

• Surface science and operations (SEPLP)

• Instrumentation concepts (SEPLP)

• Dust mitigation (CCLDAS)

Overall, most of the research activities of NLSI were science-focused, and they were lunar-centric.

4.1.1.2 SSERVI CAN 1

The nine SSERVI nodes funded in the first round of awards (CAN 1) conducted research strongly focused (as self-re-

ported) on exploration topics in the following areas:

• Identification and exploitation of resources (VORTICES)

• Apply knowledge of environmental knowledge (neutral, plasma, radiation, dust) to guide decision-making 

for future planetary missions and to aid in human exploration (DREAM2)

• Development of field methods for human exploration (RIS4E)

• Understanding how planetary surface environments impact human health (RIS4E)

• Understand which exploration ConOps (Concept of Operations) and capabilities enable and enhance 

scientific return (FINESSE)

• ISRU lab experiments (IMPACT)

• Synergies between science and engineering (SEED)

Figure 4.1: The proportion of funding from SMD and HEOMD over time.
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Numerically the distribution of research topics (self-reported) skews towards the science-oriented end of the spectrum 

(Figure 4.2). This is consistent with both the science-centric goals of CAN 1 as well as the dominant source of fund-

ing (SMD). CAN 1 specifically called for a “…broad spectrum of lunar, NEA, and martian moon sciences… within the 

broader context of comparative planetology…”, making the science activities of these nodes much broader than the 

original NLSI and also the current Moon-to-Mars focus of the Artemis program. Exploration-related topics (mission 

planning, etc.) were considered, as long as they were “part of a larger scientific effort”.

Figure 4.2: Distribution of science- vs. exploration-focused research topics for SSERVI CAN 1 nodes.

4.1.1.3 SSERVI CAN 2

The four SSERVI nodes funded in the second round of awards (CAN 2) have conducted research strongly focused 

(as self-reported) on exploration topics in the following areas:

CAN 1

a b c d e f g h i j k l m n

a: fundamental physical laws, composition and origins of the Universe
b: origin and evolution of the innver solar system
c: target body investigations as windows into planetary differentiation processes
d: target body structure and composition
e: NEA characterization (incl. PHOs and human destinations)
f: geotechnical properties
g: sample science/geochemistry (Apollo, meteoritics, simulants)
h: regolith of target bodies
i: dust and plasma interactions on target bodies
j: radiation/space weathering
k: volatiles
l: analog and robotic exploration
m ISRU/prospecting
n: technology and instrumentation development (including Ar/VR)
o: propulsion-induced ejecta (Moon, NEAs, Mars)
p: operations/operability (including hazard analysis)
q: human health and performance (including transit)

o p q
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• Exploration surface tele-robotics (NESS)

• Enhancing operational safety (ESPRESSO)

• Enhancing target selection, sample selection, and ISRU potential (ESPRESSO)

• Decision-making in a fine-grained analog environment (TREX)

• New materials and applications for improved crew safety during human exploration of distant surfaces 

(REVEALS)

Numerically the distribution of research topics (self-reported) for CAN 2 skews more towards the exploration-oriented 

end of the spectrum than does CAN 1 (Figure 4.3). This is consistent with the increasing emphasis on exploration 

goals in CAN 2. In fact, CAN 2 specifically calls for studies that consider “…human health and performance studies 

relating to dust/regolith hazards and mitigations, including those related to the martian surface…”, as well as a variety 

of other exploration topics including robotics, ISRU, accessibility, exploration approaches, and ConOps. Of note is 

that one very specific topic listed for CAN 2, propulsion-induced ejecta, is notably underrepresented in all SSERVI 

funding phases, with a single CAN 1 node reporting activity in this topic.

CAN 2

a: fundamental physical laws, composition and origins of the Universe
b: origin and evolution of the innver solar system
c: target body investigations as windows into planetary differentiation processes
d: target body structure and composition
e: NEA characterization (incl. PHOs and human destinations)
f: geotechnical properties
g: sample science/geochemistry (Apollo, meteoritics, simulants)
h: regolith of target bodies
i: dust and plasma interactions on target bodies
j: radiation/space weathering
k: volatiles
l: analog and robotic exploration
m ISRU/prospecting
n: technology and instrumentation development (including Ar/VR)
o: propulsion-induced ejecta (Moon, NEAs, Mars)
p: operations/operability (including hazard analysis)
q: human health and performance (including transit)

a b c d e f g h i j k l m n o p q

Figure 4.3: Distribution of science- vs. exploration-focused research topics for SSERVI CAN 2 nodes.
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4.1.1.4 SSERVI CAN 3

The eight SSERVI nodes funded in the third round of awards (CAN 3) have conducted research strongly focused (as 

self-reported) on exploration topics in the following areas:

• Physical properties of exploration targets (CLASS)

• Sample curation and handling (ICE FIVE-O)

• Development of field methods for human exploration (RISE2)

• Understanding how planetary surface environments impact human health (RISE2)

• Assess and characterize resource inventories of SSERVI target bodies (RESOURCE)

• ISRU technology development and testing (RESOURCE)

• Assessing concepts of operations, capabilities, and related human-robotic interactions in support of 

lunar robotic ISRU exploration (RESOURCE)

• Future ISRU robotic mission support activities with the Moon as a test case (RESOURCE)

• ISRU lab experiments (IMPACT)

• Space environment and volatiles (LEADER)

• Venting of volatiles at the Moon’s surface (CLSE)

• Exploration of volatile rich regions (CLSE)

• Modeling ice deposits (GEODES)

• Ground-truth geophysical models and structure (GEODES)

Several (self-reported) topics of moderate relevance to exploration are, arguably, more appropriately high-priority 

topics for human exploration, including:

• Resources from regoliths (CLASS)

• Lava tubes and void spaces (GEODES)

Figure 4.4 demonstrates that, numerically, the distribution of research topics (self-reported) for CAN 3 continues to 

skew more towards the exploration-oriented end of the spectrum than does CAN 1, although a broad set of science 

topics remains, and some of the topics are equally relevant to robotic exploration of planetary bodies as well as 

human exploration (such as physical/geotechnical properties of target bodies, exploration, and curation of volatiles). 

This is consistent with the continued emphasis on exploration goals in CAN 3, particularly those that relate to the 

Moon. CAN 3 specifically states an interest in “innovative ways of integrating research into exploration projects and 

activities above and beyond closure of SKGs”. Further, the emphasis on volatiles was a continued response to the 

scientific exploration of volatile-bearing deposits and their potential on redirecting lunar exploration architecture. The 

relevant exploration areas of interest (beyond those in CAN 2) include tele-robotics; virtual and augmented reality (VR/

AR) environments and tools; autonomous systems; mission planning; tool and facility development; sample science, 

curation, and return protocols; planetary protection; and science enabled by the Lunar Gateway.
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Figure 4.4: Distribution of science- vs. exploration-focused research topics for SSERVI CAN 3 nodes.

4.1.1.5 SSERVI CANs 1-3, Cumulative

To continue the analysis of how the SSERVI exploration-relevant work has shifted over the SSERVI Program, Figures 

4.5. and 4.6 render the distribution of self-reported science and exploration work for CAN 2 and 3 together, and 

CANs 1-3, respectively, highlighting the substantial shift towards research that includes exploration themes.

CAN 3

a b c d e f g h i j k l m n

a: fundamental physical laws, composition and origins of the Universe
b: origin and evolution of the innver solar system
c: target body investigations as windows into planetary differentiation processes
d: target body structure and composition
e: NEA characterization (incl. PHOs and human destinations)
f: geotechnical properties
g: sample science/geochemistry (Apollo, meteoritics, simulants)
h: regolith of target bodies
i: dust and plasma interactions on target bodies
j: radiation/space weathering
k: volatiles
l: analog and robotic exploration
m ISRU/prospecting
n: technology and instrumentation development (including Ar/VR)
o: propulsion-induced ejecta (Moon, NEAs, Mars)
p: operations/operability (including hazard analysis)
q: human health and performance (including transit)

o p q
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CAN 2 and 3

a b c d e f g h i j k l m n

a: fundamental physical laws, composition and origins of the Universe
b: origin and evolution of the innver solar system
c: target body investigations as windows into planetary differentiation processes
d: target body structure and composition
e: NEA characterization (incl. PHOs and human destinations)
f: geotechnical properties
g: sample science/geochemistry (Apollo, meteoritics, simulants)
h: regolith of target bodies
i: dust and plasma interactions on target bodies
j: radiation/space weathering
k: volatiles
l: analog and robotic exploration
m ISRU/prospecting
n: technology and instrumentation development (including Ar/VR)
o: propulsion-induced ejecta (Moon, NEAs, Mars)
p: operations/operability (including hazard analysis)
q: human health and performance (including transit)

o p q

Figure 4.5: Distribution of science- vs. exploration-focused research topics for SSERVI CANs 2 and 3.
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CAN 1 – 3

a b c d e f g h i j k l m n

a: fundamental physical laws, composition and origins of the Universe
b: origin and evolution of the innver solar system
c: target body investigations as windows into planetary differentiation processes
d: target body structure and composition
e: NEA characterization (incl. PHOs and human destinations)
f: geotechnical properties
g: sample science/geochemistry (Apollo, meteoritics, simulants)
h: regolith of target bodies
i: dust and plasma interactions on target bodies
j: radiation/space weathering
k: volatiles
l: analog and robotic exploration
m ISRU/prospecting
n: technology and instrumentation development (including Ar/VR)
o: propulsion-induced ejecta (Moon, NEAs, Mars)
p: operations/operability (including hazard analysis)
q: human health and performance (including transit)

o p q

Figure 4.6: Distribution of science- vs. exploration-focused research topics for all CAN 1-3 nodes.
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4.1.2 Alignment of SSERVI node exploration activities and products with HEOMD goals

Alignment between the activities of various SSERVI nodes and HEOMD goals is illustrated by the self-reported primary 

intellectual products of a subset of the SSERVI nodes:

CLSE: This group has produced numerous studies delivered to NASA HQ on lunar south pole geology, responses to 

Agency requests on issues related to lunar field geology, as well as contributions to the Artemis 3 science definition 

team. Members have been engaged in past analog field activities and have participated in field training for students.

LEADER/DREAM2: This group focused on the interaction between the lunar surface and the electromagnetic/ 

plasma/radiation environment in relation to volatiles/PSRs, and surface operations such as drilling.

FINESSE/RESOURCE: This group has conducted work relative to deployment of handheld portable instrumentation, 

ConOps for science support of EVAs, and VR/AR.

IMPACT: This group focused on lunar dust and the lunar atmosphere. It is unclear if part of the focus has been on 

issues related to, for example, mitigation of dust-related hazards, etc.

NESS: This group worked on VR/AR and simulations in support of lunar surface exploration, as well as human-robot 

interactions and remotely operated rovers. The team has mission experience in using the ISS as an analog for Mars 

rover operations, as well as members who are on the VIPER (Volatiles Investigating Polar Exploration Rover) team.

ESPRESSO: This team investigated the deployment of handheld instrumentation, including those for characterizing 

ejecta, determining mineralogy, and seismic mesh networks.

CLASS: This team has an asteroid focus but has examined lunar issues as well. Asteroid work includes topics related 

to dust phenomena and the use of asteroidal material for shielding. Lunar work includes polar ice mapping. CLASS 

has worked on geotechnical characterization of regoliths, including the development of regolith simulants. The group 

includes leading experts on planetary landing systems i.e., building infrastructure (pads, ISRU for building materials, 

optical mining systems, excavation).

GEODES: This team is focused on the deployment of geophysical instrumentation on the Moon, including science 

support team procedures, crew field procedures, etc.

RIS4E/RISE2: One sub-team focused on the use of handheld instrumentation during EVAs, including multispectral, 

thermal IR, XRF, LIBS, etc. EVA Mission System Software developed by this team is now being used operationally for 

ISS EVAs and for crew simulations and training in JSC’s Neutral Buoyancy Lab. Another sub-team has been working 

on dust inhalation effects and dust toxicity to humans.
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REVEALS: This team worked on systems for dosimetry for spacesuits, characterization of micrometeorite impacts, 

etc. The team has developed systems for real-time display of dosimetry data, as well as technologies for characterization/ 

extraction/separation/purification of water (ISRU). Another area of work is assessment of astronaut performance 

relative to the spacesuit (Extra-vehicular Mobility Unit, or xEMU) cooling garment and radiation protection. They have 

leveraged this work with the NASA Big Ideas Challenges for students, and the team has developed dust mitigation 

techniques.

4.1.3 Assessment and Recommendations

SSERVI has demonstrated that it has been successful in steadily incorporating more exploration-focused topics as 

it transitioned from NLSI through CANs 1-3 [Finding 1.1]. Two things stand out, however, in regard to the science 

vs. exploration topics SSERVI considers. First, while there is certainly a continuum between the two categories as 

endmembers, there are also more nuanced interplays amongst science and exploration within the topics listed. For 

instance, research on “fundamental physical laws”, a “science” topic, does involve deep consideration of exploration 

aspects. In this case, the deployment of arrays of detectors for radioastronomy on the lunar surface, using either 

robots or humans, touches both the pure science as well as the operational facets of SSERVI. In the same way, work 

on an exploration topic such as “human health and performance” could yield pure scientific returns. Furthermore, 

some research topics, such as “volatiles” and “geotechnical properties”, have scientific and operational facets in 

equal proportion in the framework of CAN 1, but are now both particularly vital for exploration in light of the Artemis 

program. This is a point that might be lost in the simple “end member” views of the research topics as measures for 

the degree to which SSERVI is responding to human exploration needs.

Second, the exploration research topics reported by SSERVI to communicate team activities on the  science- 

exploration chart (e.g., Figures 4.2-4.6) are the same for all the CANs from 2008 through today. During the course of 

NLSI and SSERVI history, not only should we expect to have the focus amongst those categories change, but the 

categories themselves should also have changed as NASA and human exploration priorities have shifted. Further, the 

definition of the research topics/categories themselves may have changed across the CANs. For example, existing 

categories (e.g., “geotechnical properties” and “volatiles”; see above) might now have different prioritizations amongst 

science and exploration, and so they might map differently on the science-to-exploration continuum today (CAN 2 

and 3) vs. how they were viewed during NLSI or CAN 1. While the research topic categories come from the CANs, 

there are not, apparently, encoded processes or metrics to inform SSERVI as to what topics are solicited, tracked, 

and prioritized when evaluating proposals and tracking team progress, particularly with regard to human exploration.

What might be fruitful moving forward in how SSERVI reflects upon, and measures success is to track not only which 

topics are being emphasized but also how those topics map to current NASA priorities, and whether they are carried 

by SMD (science) or human exploration SKGs (exploration) or both [Finding 3.1, Recommendation 3.1.1]. The data 

provided by SSERVI from which Figures 4.2-4.6 are produced (the binary science-exploration graph to illustrate the 

spectrum of SSERVI research topics) are missing the rank-ordering of NASA exploration (or science) priorities applied 

to each topic.
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4.2 Assessment of SSERVI Results and Products That Can be Used by HEOMD for Planning,  
 Operations, and Utilization

Section 4.1 describes the breadth of SSERVI team research products and how they are mapped onto a binary 

science-exploration relevance scale. Some of SSERVI research that can contribute to human exploration operations 

is also important for robotic scientific exploration of the Moon and other planetary surfaces or airless bodies, so it 

can benefit both HEOMD and SMD research objectives. In this section, we identify products and initiatives from both 

SSERVI Central and the SSERVI teams that have direct applicability to human exploration systems and operations.

4.2.1 SSERVI Central Products That Benefit Human Exploration

SSERVI Central supports and participates in several projects and initiatives that broadly align with HEOMD explo-

ration needs. These include the Solar System Treks Program (SSTP), a program that was directed to SSERVI for 

continued development; Lunar Surface Innovation Initiative (LSII) participation, providing direct ties to HEO-STMD 

technology development initiatives to enable future human and robotic exploration of the Moon; SSERVI focus groups 

(FG), including the Field Analogs FG and Volatiles FG as specific examples that are directly relevant to human ex-

ploration knowledge gaps; facilitating and holding workshops to foster community discussions relevant to human 

exploration of the Moon, notably partnerships with LEAG on workshops such as the January 2018 “Lunar Science for 

Landed Missions” workshop (Jawin et al, 2019); the annual NASA Exploration Science Forum; and coordination with 

the European Lunar Symposium. 

Over the past year, SSERVI’s support to NASA through the facilitating of the Lunar Surface Science Workshops 

(LSSW) has been an exceptional example of broad coordination across HEOMD-SMD-SSERVI to pull together 

community inputs that are directly relevant to human exploration of the Moon, and the scientific research that both 

enable the exploration and will result from landing humans on the Moon [Finding 1.1]. The continuing series are 

closely tied to “pulls” from NASA HEO , i.e., data, information, and broad community input into questions such as: 

science enabled by mobility; concepts for real-time science control room support for future human missions; science 

and science operations data requirements; classification of permanently shadowed regions; planetary protection ap-

proaches; characterization and operational implications of lunar dust and regolith; exploration tools and instruments; 

and fundamental biology and physical science research to conduct on the surface of the Moon. The community dis-

cussions and papers (see links at https://www.hou.usra.edu/meetings/lunarsurface2020/) feed directly into mission 

architecture questions and knowledge gaps that are critical for building safe, sustainable exploration missions that 

yield the best opportunities for scientific inquiry.

4.2.2 SSERVI Teams Products That Benefit Human Exploration

At the highest level, nearly all SSERVI teams are interested in and are closely following NASA’s human campaigns to 

the Moon, evidenced by white paper contributions for the Artemis III SDT and SSERVI Team members participating in 

Lunar Surface Science Workshops. Additionally, there are a variety of categories of products and research conducted 

by SSERVI Teams that have direct ties to NASA’s human exploration program.
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4.2.2.1 Tests and Research Conducted by SSERVI and Integrated with Human Exploration Activities

Individual SSERVI teams have conducted a wide variety of studies and research that include developing mission con-

cepts for science traverses and science-operation interfaces, conducting analog tests, development and operational 

testing of deployable science instruments on human missions that could conduct or support SMD priority science 

conducted using human exploration assets, planetary regolith and volatile simulant development, targeted human 

health studies, lunar dust and dust impact studies that are important to safe operations, materials tests for potential 

spacesuit application and collaborations with the NASA’s exploration EVA team, production of VR/AR environments to 

test exploration environments and  data handling concepts, and radiation studies. 

Some of the SSERVI teams have active team members from HEOMD. Examples of SSERVI work that are closely 

coordinated with active human exploration programs include spacesuit material evaluations, research and tests with 

xEVA suit developers and dust-mitigation research (IMPACT, LEADER, DREAM2); development of virtual environ-

ments for conducting tests (NESS, RISE2, RESOURCE); development of regolith simulants (CLASS); development 

of mission software (RISE2, FINESSE) including software systems for capturing and integrating real-time data that is 

currently being beta-tested on ISS EVAs (RISE2); research on dust toxicity to humans (RISE2); and development of 

real-time dosimetry data with JSC H3PO lab (REVEALS). 

4.2.2.2 Field Analog Campaigns

Several of the SSERVI teams are engaged in research that includes field activities. These field activities, which include 

work at analog field sites throughout the world, are conceptually aligned with future human exploration. SSERVI 

teams have conducted analog field campaigns to test both operational concepts as well as a variety of field-deploy-

able instruments that may be useful for human exploration. For example, the FINESSE, RIS4E, RISE2, and TREX 

teams have all been working along common themes including deployment of handheld and field-deployable instru-

mentation. There are also unique aspects to each team’s approach to analog work. For example, the FINESSE team 

has focused on mapping resources and lava tubes, the RIS4E/RISE2 team has produced a powerful software tool 

for integrating and exploring science and operations data, and the TREX team has focused on autonomous robotic 

capabilities for science. Some of the SSERVI field activities are focused on training exercises. The CLSE team, for ex-

ample, has been engaged in several planetary analog training activities at the Zuni-Bandera lava flow, Meteor Crater, 

and Sudbury Crater. Some teams have been conducting analog exercises over for several years, and across different 

CAN awards, for example the RIS4E/RISE2 team and the CLSE team. 

With several SSERVI teams engaged in analog field work, it is inevitable, and arguably desirable, for there to be 

overlap between the teams and their analog activities. Recognizing the need for coordination to their mutual benefit, 

SSERVI teams have self-organized the SSERVI Analog Focus Group to informally coordinate activities and exchange 

ideas and information between SSERVI teams. In addition, at least one of the teams (FINESSE) has made available 

instrumentation for use by the entire SSERVI community. 

The analog activities being conducted through SSERVI are valuable to NASA and can inform future operations. How-

ever, it is unclear how the objectives, goals, and outcomes of these activities have evolved over the time that NLSI 

and SSERVI have been funding them, particularly in light of changes in NASA’s exploration directions over the same 



41
. . . . . . .

. . . . . . .
 . 

. .
 . 

. .

time period, and to what extent those activities have specifically addressed human exploration operations knowledge 

gaps or important science operations gaps such as sampling, sampling protocols, and related curation activities 

[Finding 2.2]. While understanding the science outcomes from SSERVI research, including field work, can be done 

by tracking publications, etc., assessing human exploration outcomes in the same way and with the same metrics is 

more difficult, and perhaps not optimal.

The Field Analogs FG provides a mechanism for fuller coordination among SSERVI teams and between SSERVI and 

Artemis stakeholders. As the Analog FG grows and evolves, it’s mission should include strategic planning of analog 

work, frequent communications with both HEOMD and SMD for operational and science usefulness, and close coor-

dination across the activities of the respective SSERVI teams to amplify the investments in and results from complex 

analog activities [Finding 5.1 and 5.2]. This coordination can help to ensure that hypotheses regarding operations are 

fully tested and sharing of approaches, data and resources is maximized. With increased awareness of SSERVI-fund-

ed field activities, SSERVI will be able to better assess the progress being made and then communicate to NASA 

and other stakeholders the impact of these analog field activities. Closer coordination between SSERVI and NASA 

stakeholders will facilitate communications to SSERVI teams and proposers about the high priority needs of human 

exploration systems and operations. This enhanced awareness and communication will be particularly important as 

the pace of planetary exploration increases with the beginning of robotic and human operations on the Moon as part 

of Artemis.

4.2.2.3 Test Facilities

SSERVI (and NSLI) have funded specific facilities that are used by researchers on projects relevant to human explo-

ration. Examples of these facilities include: (1) the IMPACT team’s linear electrostatic dust accelerator at the Univer-

sity of Colorado, Boulder, designed to generate hypervelocity dust particles (>100 km/s) for a variety of dust impact 

research activities; and (2) the Exolith Lab at the University of Central Florida, producing high-fidelity planetary regolith 

simulants, including the manufacture and provision of tailored simulants to hundreds of customers, including NASA. 

In addition, SSERVI Central manages the Ames Research Center Regolith Testbed, funded through SSERVI and used 

for VIPER tests. The facilities funded by SSERVI are described as facilities that are available to the full SSERVI eco-

system, as well as other NASA research. Additionally, select data collected from SSERVI research such as 3-D  

models of relevant field environments rendered from analog data collection have been ported into NASA VR/AR 

testbeds at the Johnson Space Center and are used by engineering teams for building operational concepts with 

appropriately scaled models of hardware elements.

SSERVI Central recognizes that the facilities (and data) it funded for development may not be widely known beyond 

the SSERVI sphere, and that currently, no plan or roadmap exists for continued management and availability to 

the research and exploration community beyond SSERVI funding, especially at non-NASA institutions. It is unclear 

whether NASA has an expectation for community availability of these facilities, and how their ongoing maintenance 

and operations are prioritized. This report recommends that NASA and SSERVI develop a priority rubric for facility  

investment, expectations for community availability, and mechanisms for advertisement to the community, and  

metrics policy to document facility investments, operating costs, and projects/users [Findings 6.4 and 6.5]. 
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4.2.3 General Assessment of SSERVI’s Contributions to Human Exploration 

4.2.3.1 Exploration Research

As described above, there are specific SSERVI research threads that are tightly coordinated with human exploration 

and operations groups that result in joint research or well-defined off-ramps for utilization by human exploration plan-

ning and execution. SSERVI meets regularly with both HEOMD and SMD staff (monthly Executive Council meetings) 

to communicate their work and provide information and assistance using their resources. A recognized problem for 

SSERVI as a long-duration virtual institute is that criteria for research are defined during the development of a CAN 

with both HEOMD and SMD inputs, but NASA priorities can change substantially over the 5-year lifetime of a funded 

CAN. Further, the definition of evaluation metrics for SSERVI team research that benefits and is relevant to human 

exploration is challenging. Currently, SSERVI Central and individual teams self-assess the relevance of their work to 

human exploration needs. HEOMD and SSERVI Central should develop communications and feedback cadences 

and mechanisms for a more standardized assessment of SSERVI research/products to ensure that SSERVI research 

maintains usefulness and has recognized infusion pathways into human exploration activities and architectures  

[Finding 3.1]. 

As an example, during past CAN definitions, NASA Strategic Knowledge Gaps (SKGs) are identified as direction for 

team proposals (e.g., SSERVI CAN 3). As the knowledge gaps are retired or modified over the lifetime of a CAN, it 

is uncertain whether current SSERVI work is coordinated with NASA HEOMD or SMD as “knowledge gap” research 

that addresses a specific exploration question or, for example, provides a link to the next-level research or develop-

ment of operational concepts. SSERVI Central and individual SSERVI teams can evaluate their work relative to stated 

gaps that were contained in their proposals or communicated during the lifetime of the CAN.

4.2.3.2 Exploration Analog Tests

There is a large body of SSERVI lunar surface analyses and field analog research that has great relevance to future 

exploration (e.g., preliminary site characterization studies and some of the concept of operations, or ConOps, for 

planetary surface activities formulations) but the parameters of the work have not necessarily been defined by NASA’s 

human exploration organizations. Several teams (described above) have conducted up to ten years of exploration-rel-

evant analog exercises and developed preliminary ConOps that support scientific exploration of planetary surfaces. 

These early ConOps are focused on integrated science and human exploration operations and have potential as a 

base for further development by HEO or joint HEO-SMD teams. However, based on the materials provided by SSER-

VI, there appears to be no coordinating mechanism for formal hand-off to HEO for critical evaluation and subsequent 

adoption of SSERVI work as it applies to human exploration concepts. Some SSERVI analog research programs 

have associated publications, have been presented at a variety of forums and are citable/discoverable, but the actual 

infusion of specific lessons, products, or concepts into HEO architecture is inconsistent [Findings 3.1, 5.1, 5.2]. 
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4.3 Enhancing the Value of the Large SSERVI Network for NASA Exploration

The SSERVI model - large teams that are funded for a 5-year period with both science and a human exploration 

focus - provides the flexibility for teams and researchers to rapidly respond to the changing exploration priorities and 

strategic directions at NASA, and across the larger international planetary science community [Finding 4.1]. One par-

ticular benefit for human exploration is that the larger SSERVI teams can include more professionally diverse investi-

gators and collaborators than many other scientific proposal teams, including NASA and non-NASA engineers who 

work within exploration hardware, architecture, and operations fields, as well as scientists and analysts with diverse 

professional backgrounds from within and outside of NASA.  

One example of demonstrating SSERVI’s flexibility and evolution of research was pointed out by the SSERVI leader-

ship: In 2009, as a response to scientific results from Chandrayaan-1 (Pieters, et al., 2009), some teams shifted their 

research to include greater focus on planetary volatiles research. At that time, SSERVI formed the Volatiles FG. More 

recently, since the award of the SSERVI CAN3, teams like ICE 5-0 perform critical research for future lunar exploration 

such as understanding lunar volatiles in a human exploration context, and continue to coordinate across the commu-

nity through the Volatiles FG. 

 

The full list of SSERVI projects described above, and their potential relevance to human exploration operations and 

processes are impressive. Still, the coordination and collaboration between SSERVI teams and NASA, especially 

the usefulness of SSERVI-funded research to NASA’s human exploration programs could be much greater than it 

currently is, and, at the same time, it could be more targeted to ensure that the full breadth of the SSERVI teams 

can address NASA exploration priorities through their exploration research activities. One way this can be achieved 

is through the continued development of the focus groups. Today, individual researchers from different teams come 

together in the SSERVI focus groups, leveraging research and expertise from across the SSERVI community to ad-

dress specific topics. Some of the working groups, such as the Field Analogs FG and the Volatiles FG are relevant to 

human exploration activities. To fully take advantage of SSERVI’s large and diverse network, this panel recommends 

that each focus group develop a charter to better map to strategic goals relevant to NASA exploration and science, 

include guidelines and metrics for developing and evaluating cross-team coordination and resulting products, and 

communicate their activities to foster inclusion of the larger exploration community [Recommendation 5.1.1].

Finally, the recent collaborative environment between HEOMD-SMD and SSERVI Central, evidenced by SSERVI Cen-

tral participation in multi-directorate working groups like the Utilization Coordination and Integration Group (UCIG) and 

sponsorship of the Lunar Surface Science Workshops offers venues for all parties (including HEOMD, SMD, SSERVI 

Central and individual SSERVI Teams and SSERVI scientists) to develop working relationships, knowledge about the 

pulls and takes from different parts of NASA, the needs of the science community, and understanding the exploration 

challenges and priorities at NASA. Another way to strengthen this collaboration is to include a “Distinguished Explo-

ration Scientist” as an advisor to the SSERVI Central staff [Recommendation 6.3.1]. This role would be analogous to 

the “Distinguished Scientist” role that provides scientific advice to SSERVI Central [Finding 6.3]. Together, these activ-

ities and actions should enable SSERVI (as a whole, as well as individual SSERVI teams) to better understand human 

exploration activities and help to communicate priorities that can result in focused research and products by SSERVI 

that address HEOMD needs. 
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SSERVI SECTION 5
IMPACT OF SSERVI ON BRIDGING AND SUPPORTING HEOMD AND SMD

SSERVI, as a jointly-funded virtual institute supported by both NASA’s SMD and HEOMD (changing to ESDMD), fills 

a key role linking these two mission directorates and performs important research that includes both fundamental 

scientific research and applied research addressing human exploration knowledge gaps [Finding 1.1]. In the discus-

sion below, we examine the benefits and synergies of a research institute that is sponsored by two different mission 

directorates.

5.1 SSERVI Alignment with NASA’s Strategic Goals

The NASA Strategic Plan (2018) includes the following goals and objectives: Strategic Goal 1 “Expand human knowl-

edge through new scientific discoveries”.  Under this goal is Strategic Objective 1.1 “Understand the Sun, Earth, 

solar system and universe”. Strategic Goal 2 states “Extend human presence deeper into space and to the Moon for 

sustainable long-term exploration and utilization.” Strategic Objective 2.2 is to “Conduct human exploration in deep 

space, including to the surface of the Moon.”  SSERVI sits in the middle of these two sets of goals and objectives, 

including scientific discoveries, understanding the solar system, and human missions to the Moon for exploration and 

utilization.  With NASA’s emphasis on human exploration to the Moon, SSERVI is a program that is uniquely suited to 

bridging and supporting SMD and HEO, both today and into the future.

                    

SSERVI teams are composed largely of scientists, and Section 3 of this report discusses the scientific contributions 

from SSERVI in detail. However, SSERVI research includes significant exploration themes (Fig 5.1). In their presenta-

tions to the SSRP, SSERVI Central highlighted the significant relevance of team research to exploration themes. This 

mapping, along the science-exploration scale is discussed in more detail in Section 4 (Alignment with HEOMD goals 

and impact on exploration goals).  

There are good examples to illustrate research with significant science and exploration overlap and to illustrate the 

notion that “science enables exploration and exploration enables science”.  We point to the Lunar Reconnaissance 

Orbiter (LRO) program and data analysis as such an example. The same data from LRO can inform both science 

and exploration stakeholders tackling seemingly different research questions that are actually related. Some SSERVI 

research has locked into this overlap, and products like SSERVI’s 2018 Report “Transformative Lunar Science”  

(https://sservi.nasa.gov/wp-content/uploads/2020/11/SSERVI_TransformativeLunarScience_SmFile.pdf), and certain 

lunar site characterizations reported in the SSERVI annual report (e.g., SSERVI 2020 Annual Report) are good exam-

ples. However, one of the most important points made during our meetings with SSERVI Central, SMD, and HEOMD 

during the Senior Review process was from human exploration: “While exploration research funded by SSERVI is 

relevant to human exploration, it is not always useful”. That is, research activities or products (for example, analog 

field work), while they may have broad alignment with NASA’s exploration goals, are not necessarily in a form that 

can be evaluated or practically assimilated or implemented to meet exploration goals. From this statement, it appears 

that strong SMD-HEOMD connections are not being made, and communications between SSERVI and both SMD 

and HEOMD are failing to clearly identify and guide research from scientists that can be infused into human explora-

tion operations. Thus, SSERVI activities may not be adequately aligned with NASA needs, responsive to new NASA 

requirements, or conducted in a way that can be infused into or used by NASA. Rectifying this requires both effective 
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communications and the development of quantitative metrics to evaluate the effectiveness of individual nodes, their 

products, and SSERVI as a whole [Finding 3.1, Recommendation 3.1.1].           

                                   

5.2 Growth of Science-Exploration Teams

Some of the language in the two most recent CANs may not have positioned SSERVI very well for integrating science 

and exploration. In looking at the language in both CAN-2 and CAN-3, the broad topics listed that SSERVI would 

fund are basically either science investigations (e.g., the Moon, NEAs, Phobos and Deimos as windows into origin 

and evolution of planetary bodies) or explorations topics (e.g., robotics- and human-centered investigations). There 

are some overlaps between the two (e.g., Regolith of Target Body(s)), but that is the exception. Stove-piping science 

and exploration into separate broad topics prevents the integration of the two areas into a common research approach. 

For the next SSERVI CAN, the broad topics should be chosen to better integrate science and exploration investiga-

tions, such that proposals are forced to integrate science and exploration tasks to address the topics. Further, with 

today’s human exploration focus on Artemis missions to the Moon, SSERVI focus should be directed on the Earth’s 

Moon for the next cycle of node selections, and the current SSERVI nodes should align their work to include a focus 

on the Moon. For example, SSERVI should place greater focus on lunar exploration, research needed for exploring 

new areas on the Moon, exploration concepts for sustained human missions on the Moon, as well as exploration 

concepts on the Moon that are relevant to future human exploration of Mars [Recommendation 2.1.1].

Figure 5.1: Illustrates the breadth of SSERVI research themes and an assessment of the relevance to pure scientific 

research (left) and human exploration (right).
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5.3 Use of Focus Groups to Integrate Science and Exploration

The SSERVI Focus Groups, if provided more structure to include strategic goals, could be an important tool to en-

courage collaboration across science and exploration interests, and they could also provide a mechanism to commu-

nicate and integrate exploration research with science goals, both of which will ensure relevance and infusion path-

ways [Finding 5.1]. As an example, Section 4 specifically addresses coordination within the Field Analog FG. Analog 

studies carried out by several nodes integrate human surface activities with conducting scientific investigations to 

achieve science goals. This type of activity is worthwhile and relevant to future human activities on planetary surfaces. 

However, analog activities conducted by individual or collaborative SSERVI teams could be improved by better coor-

dination with the real needs and work products identified by HEOMD so that the activities are both relevant and use-

ful. In addition, it is important to link the exploration activity conducted in an analog setting with cutting edge science 

that stands on its own and is publishable in peer reviewed journals. In a review of SSERVI publications, the science 

associated with analog activities appears to be limited. SSERVI can leverage the Field Analogs FG to coordinate with 

both SMD and HEOMD to develop science rationale and analog activities that lead to scientific and exploration prod-

ucts. Enhanced awareness and communication of SSERVI’s analog activities and coordination with NASA’s specific 

human exploration and operations needs through the Field Analogs FG will be particularly important as the Artemis 

Program develops and the pace of human planetary exploration increases. If the goal of analog activities is to enable 

science utilization and results from human exploration missions, the SSERVI Field Analogs FG is an ideal conduit to 

involve broader community participation, such as members of the future Artemis Science Team and members from 

the flight operations community.

          

5.4 Commercial Partnerships

SSERVI’s efforts to involve commercial entities and develop commercial partnerships is another important mecha-

nism to develop the exploration-science community, and contribute to enabling science through commercial explora-

tion of space. SSERVI proactively includes the space industry in its NESF, and team members are engaged in many 

aspects of this type of activity by contributing knowledge and instrumentation developed by the greater SSERVI 

“think tank”. Although there are clearly competitive issues with regards to SSERVI providing advantages to any one 

commercial team, developing a fertile exploration-science landscape will enable the growth of commercial exploration 

activities that, in turn, feeds into science and exploration advances [Finding 7.1]. Identification of potential workshops 

for distributing information to commercial partners is one avenue to pursue (e.g., sample or sample curation work-

shop for commercial sample return missions). 

5.5 The Role of SSERVI Central to Integrate Exploration and Science 

The SSRP found that SSERVI’s research would greatly benefit from a charter, strategic planning, and metrics to  

facilitate research alignment with both SMD and HEOMD (see Sections 3 and 4). SSERVI Central, in their presenta-

tion to the SSRP, also highlighted the need for an updated SSERVI charter. The development of a SSERVI charter 

and strategic plan in partnership with SMD and HEOMD – to include the coordination of annual goals for SSERVI 

teams, success metrics, and explicit deliverables for research products that benefit both mission directorates –will 

strengthen the multi-directorate bridge [Findings 1.2 and 3.1].    
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The SSERVI Central staff includes a Distinguished Scientist to advise SSERVI and coordinate and communicate 

SSERVI scientific research [Finding 6.3]. Another mechanism to help SSERVI integrate  science and exploration, and 

a recommendation from the SSRP (discussed in Section 4), is to include a SSERVI senior/distinguished exploration 

advisor on the SSERVI Central staff to help coordinate and advise SSERVI on human exploration needs and activities 

[Recommendation 6.3.1]. 

5.6 Joint Funding

Both SSERVI Central and the SSRP note that funding from both mission directorates is critical for ensuring that 

SSERVI research benefits both science and human exploration [Finding 1.1]. This has not always been the case. 

Figure 4.1 illustrates the make-up of funding sources over time. As discussed in Section 4, the funding contribution 

to SSERVI from human exploration has varied over time, and has sometimes been zeroed out. Inconsistent funding 

impacts the research (both quality and quantity) and the ability to develop strategic plans that address both science 

and human exploration alignment. The SSRP strongly recommends that the multi-directorate funding model should 

continue and be stable for the duration of each CAN [Recommendation 1.1.1]. The definition of deliverables and 

metrics for both mission directorates would provide visibility of SSERVI’s value to both exploration and science, and 

assure  funding partners that their investments bring results.  

Ideally, both mission directorates should realize advantages from joint sponsorship of integrated science-exploration 

research. With carefully crafted and well-defined priorities, and deliverables from teams that help address both explo-

ration operations and science (and the interplay between the two), each side reaps benefits beyond their investment. 

Human exploration receives benefits from the best science minds in the country (plus the international partnerships) 

far beyond their investments to help populate critical knowledge gaps and gain access to data that will be useful for 

crafting operations.  Science investment feeds onramps for lunar mission science and begins to lay the groundwork 

for implementing science on human missions. SSERVI can play an important role bringing together the different 

perspectives that need to be integrated for successful science on human missions: from the human exploration side, 

introducing scientists to the environment of planning, operations and conducting safe human missions; and from the 

science side, enabling human spaceflight organizations and programs to design hardware and operational concepts 

that will enable transformational science to be conducted.  

In summary, SSERVI is well positioned to both bridge and amplify science and human exploration research.  Argu-

ably, a research institute that directs and supports research at the junction of these two focus areas is critical for en-

abling a successful human exploration campaign to the Moon.  A Solar System Exploration Research Virtual Institute, 

as defined above, is a compelling concept, especially if defined by a new SSERVI charter, with strategic planning and 

well-established metrics coordinated with SMD and HEOMD, thoughtful exercise of research flexibility, and continued 

focus on community inclusivity and growth.



49
. . . . . . .

. . . . . . .
 . 

. .
 . 

. .

SSERVI SECTION 6
GROWING THE COMMUNITY AND SERVICE TO COMMUNITY

In this section we describe efforts within SSERVI to grow and support the space science and exploration communi-

ties. Historically, SSERVI has provided a wide variety of services to the space science and exploration communities 

by organizing and hosting conferences and workshops, as well as recruiting and training early career researchers. In 

recent years SSERVI has also taken a lead role in helping to grow and support a more diverse community. In partic-

ular, SSERVI Central has been making pioneering strides in areas related to Equity, Diversity, Inclusivity, and Acces-

sibility (EDIA). SSERVI has also recently taken on leadership of the Solar System Treks Program which is designed 

to provide capabilities for mission planning, planetary science, and public outreach. In the following subsections we 

provide descriptions of relevant SSERVI initiatives, describe the impact of those initiatives on the space science and 

exploration communities, and make findings and recommendations aimed at helping SSERVI to further support those 

communities for many years to come. 

6.1 Next Generation Development Efforts

For over a decade SSERVI has made a dedicated effort to train the next generation through a variety of re-

search-centered activities [Finding 8.1]. SSERVI has strongly encouraged and supported student recruitment and 

integration into active research projects at a variety of levels ranging from undergraduates to postdoctoral fellows 

(Table 6.1). SSERVI has also made dedicated efforts to support one or two postdoctoral positions through the NASA 

Postdoctoral Program (NPP) via SSERVI Central. The SSERVI NPP positions are designed to help cross-fertilize 

SSERVI teams with the goal of accelerating collaborative inter-team activities. Many SSERVI teams are hosted at, or 

partner with, major universities, thus making it possible to interact with and recruit from a large population of students 

(Fig. 6.1).

Table 6.1: Number of students across CANs 1-3, categorized by level of study

 

6.1.1 Next Generation Involvement in Conferences

SSERVI has recently focused on ways to better connect researchers with the next generation by finding new and 

innovative approaches to better include the next generation in conferences. SSERVI regularly organizes and hosts 

the NASA Exploration Science Forum (see description below), which provides an excellent opportunity for the next 

Year

Undergraduate

Graduate (MS & PhD)

PostDoc

Unknown

Total Students & PostDocs

2014

29

39

29

47

144

2015

74

77

43

0

194

2016

70

96

29

0

195

2017

103

107

39

0

249

2018

110

119

43

0

272

2019

95

104

46

0

245

2020

89

82

32

0

203
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CAN 1 CAN 3
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generation to connect with established researchers in the science and exploration communities. Specifically, forum 

organizers designed each oral session at the conference to ensure that sessions were co-chaired by both a senior 

researcher and an early career scientist. The intent is to provide opportunities for the next generation to be seen and 

to contribute in a public and visible way.

SSERVI has also initiated and supported LunGradCon, an annual meeting organized for students, by students (Fig 

6.2). During this conference, students present their research in a low-stress, friendly environment, gaining experi-

ence presenting to a technical audience while receiving feedback from their peers. Panels with SSERVI leadership 

and Next Generation Lunar Scientists and Engineers also allow students to ask questions about a wide variety of 

career topics. The 2020 virtual meeting was the largest to date, with over 90 graduate researchers and early career 

scientists from over 40 different institutions attending, with participation from 10 countries outside the US, including 

France, Malaysia, Canada, Belgium, and Tajikistan (SSERVI, 2020). 

Figure 6.1: Midhun S. Menon, SSERVI NPP Fellow, University of Colorado, Boulder using Virtual Reality to simulate 

telerobotic operations on the Moon.
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Figure 6.2: Graduate students from a pre-2020 LunGradCon

6.1.2 Next Gen Field Training

SSERVI Central has initiated and supported several student field training efforts with the goal of providing practical 

experience in areas of active research within the space science and exploration communities. Most recently SSERVI 

Teams have conducted field training programs at Meteor (Barringer) Crater (Arizona), the Sudbury Impact Structure 

(Ontario), and the Zuni-Bandera volcanic field (New Mexico).

The Field Training and Research Program at Meteor Crater is a week-long geology field class and research project 

that strives to introduce students to impact cratering processes. This program provides an opportunity for students 

to assist with active research projects at the crater, which in turn helps them to develop skills that will better prepare 

them for their own field-based research.

The Field School at the Sudbury Impact Structure is a week-long classroom and field training program based in Sud-

bury, Ontario. The program provides an opportunity for students to have the same training and education that was 

given to Apollo astronauts. The program introduces students to impact cratering processes and field geology princi-

ples that will better prepare them for a career in the planetary sciences.

The Field Training and Research Program at Zuni-Bandera Volcanic Field is a week-long field class and research 

project in and around the McCartys lava flow in New Mexico. The goal of the field camp is to introduce students to 

basaltic volcanism and physical volcanology and to provide them with an opportunity to assist with a research project 

in the volcanic field. Skills developed during field camp will better prepare students for their own thesis studies of 

volcanic provinces on planetary bodies throughout the solar system. 

In addition to dedicated field training courses that are described above, SSERVI teams include students in their field 

and analog work. For example, SSERVI’s RIS4E team partnered with Stony Brook’s Alan Alda School of Journalism 

and brought  journalism students with them during their field activities on Kilauea  volcano on the  island of Hawaii 

(Fig. 6.3).
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Figure 6.3: The RIS4E science and journalism teams make their way across the ropey, twisted, broken crust of the 

1978 lava flow. These patterns formed as flowing lava exposed at the surface cooled and solidified, while hot lava 

continued to flow beneath. (https://sservi.nasa.gov/articles/students-send-dispatches-from-nasa-trip-to-volcano/)

6.1.3 Lunar Exploration Science Summer Intern Program

The 10-week Lunar Exploration Science Summer Intern Program hosted by the LPI, seeks to train a new generation 

of space exploration leaders by providing students with an opportunity to be involved in a variety of exploration activ-

ities. For example, student teams have participated in activities that support missions to both the Moon and near-

Earth asteroids. These activities allow students to integrate scientific research and data with exploration mission goals 

in a way that is useful to mission architects and spacecraft engineers. Activities involve assessments of landing sites 

and traverse plans for possible exploration targets for robotic and human exploration missions. This program provides 

a unique opportunity to give students an appreciation for both the space science and exploration communities, while 

also preparing them for careers in either community.

6.1.4 K-12 and Public Engagement

SSERVI also seeks to inspire K-12 students as well as the general public through efforts that are focused on future 

human exploration of the Moon and beyond. SSERVI Central facilitates most of the public engagement efforts, but 

SSERVI teams are also specifically funded to enable the science activation, citizen science, and public engagement 

ecosystems that NASA has created. As part of the SSERVI solicitation and selection process SSERVI Teams are 

expected to implement activities furthering Science, Technology, Engineering, Art, and Math (STEAM) engagement at 

a variety of levels. The Solar System Treks Program, managed by SSERVI also provides a resource for sharing space 

science and exploration data with the public.
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6.1.5 Training for Teachers 

SSERVI Central provides training for K-12 teachers, in collaboration with the Astronomical Society of the Pacific and 

their annual Summer Institute. In 2020, this training was conducted virtually. SSERVI has also contributed to educa-

tion by providing training for teachers to borrow Apollo Moon Rocks and Meteorites from JSC and has so far certified 

over 25 teachers. We also note that SSERVI has continued to support and develop relationships with RoboRave In-

ternational and the Regolith Mining Competition (RMC) to encourage students and teachers to bring robotics into the 

home and classroom. SSERVI Central provides training to teachers (including lunar sample certification) and co-hosts 

and supports student challenge events for all ages.

6.2 Equity, Diversity, Inclusivity, and Accessibility (EDIA) Efforts

In recent years, SSERVI has made concerted efforts to build a stronger and better community by initiating several 

efforts related to Equity, Diversity, Inclusivity, and Accessibility (EDIA) within the space science and exploration com-

munities [Finding 9.1]. EDIA has long been part of the SSERVI culture, however, SSERVI is furthering its efforts by 

making EDIA a required aspect of proposals submitted to the most recent SSERVI Cooperative Agreement Notice 

(CAN) 3 in 2018. Specifically, CAN 3 required proposing teams to partner with Minority Serving Institutions (MSIs), 

resulting in improvements in the overall diversity of SSERVI teams. This requirement was also part of the panel review 

criteria with respect to the relevance of the proposed research program to the goals of SSERVI. Table 6.2 is from 

materials provided by SSERVI Central. It summarizes participation by  researchers from MSIs.

 NSLI SSERVI CAN 1 SSERVI CAN 2 SSERVI CAN 3

PI from MSI per 0/7 1/9 0/4 2/8* 
#Teams Awarded (0%) (11.1%) (0%) (25%)

Co-I from MSI 10/130 18/208 6/72 24/182
 (8%) (8.6%) (8.3%) (13.1%)

Collaborator 1/62 15/145 4/52 12/137
from MSI (1.6%) (10.3%) (7.7%) (8.8%)

Total MSI per 11/199 33/362 10/128 38/327
Total Team Members (6%) (9.1%) (7.8%) (11.6%)

*A proposal was submitted by a PI from an MSI; the PI subsequently moved to a non-MSI institution after selection. 

Table 6.2: Institute Composition of Minority Serving Institutions (MSIs) Participation

6.2.1 EDIA Focus Group

In 2020, SSERVI Central began to address systemic racism through a clear statement sent via social media and its 

website and establishing the SSERVI EDIA Focus Group. The goal of this focus group was identifying and undertaking 

specific actions to manifest positive change within the space science and exploration communities. Examples of 
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these areas include diverse workforce development, equitable, beneficial, and just uses of space for all humankind, 

creating and maintaining a supportive professional culture, and inclusive representation of humans in science and ex-

ploration including race, disability, sexual orientation, gender, age, socio-economic status, and geographic distribution 

(SSERVI, 2020). In addition to the creation and kick-off of the EDIA Focus Group, activities have included: supporting 

local EDIA efforts; developing the group’s capacity to conduct EDIA work; partnering with others in the EDIA commu-

nity; and progressing on initiatives for positive change. The EDIA Focus Group has also created a resource list with 

links, articles, books, and projects that members can edit and reference for personal learning and growth. An EDIA 

Best Practices document was initiated for use by members and SSERVI-associated personnel.

6.2.2 Support of Underrepresented Populations

In addition to partnering with Minority Serving Institutions (MSIs), SSERVI teams have sought out opportunities to 

inspire disadvantaged groups including, but not limited to, the sight impaired, the Navajo Nation, and Pacific Islander 

communities. For example, SSERVI teams continue to build upon an existing relationship with the Navajo Nation by 

conducting a series of online classroom presentations for schools in the Navajo Nation. SSERVI teams have also initi-

ated a program of astronomy and space science outreach on Hawaii’s Big Island, with special emphasis on reaching 

underserved native populations and homeland schools.

In collaboration with the National Federation of the Blind (NFB) and students, teachers, and parents, SSERVI has 

assisted in developing a series of tactile books for the visually impaired. These tactile books for the blind allow NASA 

science to be accessible through touch and encourage blind and visually impaired participation in STEM careers. 

The first book, “Getting a Feel for Lunar Craters” featured tactile diagrams of the lunar surface designed to educate 

the blind and visually impaired about the Moon. Since then, SSERVI and NASA have developed six other books: an 

“Earth Science” book, an upgraded “Mars” book, a “50th Anniversary of Getting a feel for Lunar Craters” book, a 

“South American Eclipse” book, and an “Earth Day” one-page tactile in support of the sight impaired (see https://

sservi.nasa.gov/books/). 

SSERVI has also started several other initiatives to work with Hispanic, Asian, and African American communities. 

Although these efforts are in their initial stages, there is promise for reaching and inspiring many more communities 

now and into the future. 

6.2.3 Striving for Proposal Diversity

One of the effective means for increasing participation in SSERVI from underrepresented groups is through research 

solicitations. SSERVI recently obtained self-identification data for gender, ethnicity, race and disability from the NASA 

Solicitation and Proposal Integrated Review and Evaluation System (NSPIRES) system in an effort to assess trends 

and to look for opportunities for improvement. The NSPIRES data are divided into three categories (Table 6.2); Prin-

cipal Investigators (PIs), funded Co-Investigators (Co-Is), and unfunded Collaborators. SSERVI assessed represen-

tation in each of the four CANs in all three categories and found general improvement in diversity over time (SSERVI, 

2020). It should be noted that the data represent the make-up of SSERVI teams when proposals were submitted, as 

opposed to how team diversity evolved throughout the life of the grant. In many instances, team members are added 

to SSERVI Teams based on research focus or career choices, again increasing diversity over time. 
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An initial assessment of data and trends indicates that although there have been increases in diversity over time (es-

pecially with respect to gender), there is a large void in the demographic data that, if addressed, could be better used 

to characterize the diversity and representation within the space science and exploration community pipeline (SSER-

VI, 2020). SSERVI states that the main takeaway from their analysis is that more work is needed to both identify as 

well as increase diversity and representation in all demographics (SSERVI, 2020). Specifically, SSERVI notes that the 

rates for disabled, non-white ethnicity and race are extremely low or not represented at all. SSERVI plans to look at 

options for securely and privately collecting demographic data in an effort to help increase diversity within SSERVI as 

well as the space science and exploration communities [Recommendation 8.1.2]. 

6.3 Workshops and Conferences

SSERVI seeks to strengthen the planetary science community by supporting and hosting workshops and confer-

ences. SSERVI regularly holds workshops and seminar series that are open to the broader planetary science and ex-

ploration communities and in partnership with other organizations. SSERVI recognizes the importance of conferences 

and workshops as demonstrated by establishing the NASA Lunar Science Forum in 2009 which was renamed as 

the Exploration Science Forum in 2013. The Forum has been a very successful event bringing together researchers 

and students from several different countries and different stages of career, also including participation from high-level 

NASA officials. The virtual Exploration Science Forum of 2020 included over 2,000 attendees and its website was 

viewed over 25,000 times. The Forum included an address by the NASA Administrator and the directors of SMD/PSD 

and HEOMD, as well as the NASA Chief Scientist. The 2020 event showed that a virtual conference can be success-

ful and impactful. 

6.4 Solar System Treks Program (SSTP)

The Solar System Treks Program (SSTP) effectively began in 2008 as the Lunar Mapping and Modeling Portal 

(LMMP). In 2013, NASA HQ transitioned LMMP to SSERVI and since that time, the LMMP portal was replaced by 

the Moon Trek portal, which has evolved into SSTP (https://trek.nasa.gov/). SSTP has leveraged its technology to 

produce new portals for 13 additional planetary bodies including Mars, Mercury, Ceres, Vesta, Bennu, Ryugu, Titan, 

Dione, Enceladus, Iapetus, Mimas, Phoebe, Rhea, and Tethys.

SSTP has a wide range of users including planetary researchers, international partners, students, citizen scientists, 

and the general public. This community service provides an important way for the space science and exploration 

communities to visualize, explore, and analyze the surfaces of other worlds using data from NASA exploration mis-

sions. Recently, SSTP has begun to emphasize Moon Trek with the goal of producing and releasing mosaics and 

digital elevation models for candidate landing sites for upcoming exploration missions. 

6.5 Discussion

SSERVI should be commended for the work they have done to support the space science and exploration communi-

ties, especially at a time when virtual teamwork and communication has become so critical [Finding 3.3]. SSERVI has 

provided clear leadership in terms of strengthening and growing a diverse and dynamic community [Finding 9.1]. 
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SSERVI’s efforts to train, grow, and support the next generation have led to increases in the number of students in 

the community and to the integration of students into active research within the space science and exploration com-

munities. Specific efforts to involve students in conferences provides key networking opportunities that will likely result 

in career possibilities and connections. The field training and exploration internship programs supported by SSERVI 

have provided practical experience for students as they continue to explore research potential throughout the Solar 

System. The SSRP recommends that SSERVI continue to support and grow these efforts, with the aim of diversifying 

the experiences, locations, and opportunities for next generation involvement. It would also be helpful for SSERVI to 

track and share success stories from the recruitment and involvement of the next generation in SSERVI research efforts.

SSERVI’s efforts with respect to equity, diversity, inclusivity, and accessibility have been very important for introducing 

these concepts to a broad audience. Establishing and supporting an EDIA-specific Focus group demonstrates the 

willingness of SSERVI to discuss and address community concerns regarding diversity. The collation of EDIA re-

sources is impressive and should be made broadly available to the space science and exploration communities. The 

requirement to involve Minority Serving Institutions (MSIs) in SSERVI proposals represents an important step in diver-

sifying SSERVI teams; however, much work remains to be done. SSERVI seems to recognize the need for diversifying 

SSERVI teams, as well as the space science and exploration communities as a whole, and is working with NASA to 

make sure that any and all qualified applicants are strongly encouraged to apply to future SSERVI CANs. It is clear 

that demographic data for SSERVI teams can be difficult to obtain, but it will be important to obtain as much informa-

tion as possible so that SSERVI can have a solid baseline from which to measure future growth and diversification. 

The SSRP commends SSERVI for their leadership in this area and encourages SSERVI and NASA to continue these 

efforts and to identify areas where SSERVI can make further strides in diversifying the community.

The overall impact of SSERVI’s service to the community can be difficult to quantify, but it is clear that SSERVI has 

provided a variety of services that are of value to the space science and exploration communities. The use of virtu-

al workshops and conferences has been invaluable, especially in recent years, and will likely continue to be a key 

resource that SSERVI can provide to the community. The Solar System Treks Project provides important data and 

visualization resources to a wide audience. However, it will also be imperative for SSTP to develop a strategic plan to 

prioritize purpose and investment. This is also discussed in Section 7. A strategic roadmap for SSTP will ensure that 

the SSTP platform aligns with NASA needs, and complements other visualization platforms [Finding 6.6]. Additional 

strides should be made to ensure that analysis ready data products from all of the SSERVI teams are made available 

and widely disseminated through the SSTP, which will not only support the space science and exploration communi-

ties but will help to further inspire the next generation. The review panel commends SSERVI for continuing to provide 

these important services to the community, especially during the pandemic when the virtual aspect of SSERVI has 

become so important and relevant.

In summary, SSERVI’s efforts to develop, support, and diversify the space science and exploration communities has 

been impressive, but additional steps will need to be taken to encourage the involvement of a more diverse range of 

students and researchers in future SSERVI initiatives. It will be important for SSERVI to establish baselines and crite-

ria/metrics for success, especially for equity, diversity, inclusivity, and accessibility efforts. With SSERVI continuing to 

lead these efforts, the future for space science and exploration looks bright.
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SSERVI SECTION 7
ADMINISTRATIVE SERVICES AND COSTS

In this section, we describe the administrative costs and tasks for running the SSERVI Program, an enterprise that 

receives approximately $20 million annually from NASA. The SSERVI Central responsibilities fall into two major cate-

gories:  (1) the leadership and administration of SSERVI’s teams, ranging from CAN planning and advocacy, to coop-

erative agreement development and budgeting; and (2) community development that includes the broader planetary 

science community (not just SSERVI teams), and also NASA and the domestic and international community involved 

in exploration science. Out of the annual budget, approximately $4M is directly managed by SSERVI Central for the 

purposes of running the SSERVI and supporting the community development services. Below we review the historical 

trends of the SSERVI funding, including the administrative parts of the institute, and discuss how the administrative 

parts of the SSERVI budget are used. 

 

7.1 SSERVI Central Budget Analysis

The SSERVI Central team provided materials that summarize the NASA investment (total) and the administrative 

costs since the Virtual Institute was created in 2009, including the NLSI, and CANs 1-3 (Table 7.1). From the materials 

provided by SSERVI Central, the SSERVI investments include three components:  

• Financial support for core teams: The funding for SSERVI teams (total) has ranged from $4.5M (FY13 

had a significant dip in SSERVI funding) to $16.76M in FY21, an historically high level of funding support-

ing 12 teams. Across the program, the average annual funding for SSERVI/NSLI teams is $10.49M. 

• SSERVI Central administration: Funding is included for both the leadership and administration (“Central 

Admin.” in Table 7.1), and community development and services (“Comm Devel.” in Table 7.1). This por-

tion of SSERVI’s budget is split equally between administrative costs and community development.

• Solar System Treks Project: In FY14, SSERVI assumed responsibility for Lunar Mapping and Modeling 

Portal (LMMP), rebranded as Solar Systems Treks Project (SSTP), and received $1M annually from SMD 

to administer the SSTP.  Today, HEOMD also contributes to SSTP.

Table 7.1: SSERVI funding details by FY, including total funds for SSERVI research teams, proportion of funds for 

total administrative costs (SSERVI Central Admin + Community Development Services), and proportion of funds for 

SSERVI Central (running the Institute)
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For this review, we define the total SSERVI Central budget to include components b. (SSERVI Central administration 

that includes both running the  institute and community development) and c. (SSTP) from above. Today’s SSERVI 

Central budget for running the institute is roughly evenly divided across the three components between administra-

tion ($1.35M in FY21), community development ($1.35M in FY21), and Solar System Treks Project ($1.3M in FY21). 

In FY21, this sums to a total of $4M, or 19% of the total SSERVI funding in FY21. The FY21 administrative split is 

slightly higher than the program annual average of $3.45M, but consistent with average and remarkably level rates 

since FY14 (Table 7.1). Of the roughly $4M annual budget for SSERVI Central, the funding for institute leadership and 

administration ranges from $0.95M to a high of $1.9M in the first year of operations (FY09), with an annual average 

of $1.4M.  The same numbers apply to the community development element. The third part of the SSERVI adminis-

trative costs, the development and hosting of the SSTP starting in FY14, has risen from $1M /year to ~$1.4M/year. 

Today, SSTP is fully supported by SSERVI; the contributions to this project are nominally $1M from SMD and  $0.4M 

from HEOMD.

7.2 SSERVI Central Staffing Analysis

The services provided by SSERVI Central are accomplished by a staff of about 10, including the leadership team, 

administrative support, public engagement lead, SSTP project manager, technical writer and graphic design support, 

web development and management, staff to support virtual collaborations, center procurement and contracts sup-

port, and the distinguished scientist.  The Ames Research Center (ARC) Regolith Testbed facility management is also 

included in SSERVI administrative cost (see Table 7.2, data provided by SSERVI.) 

Table 7.2: SSERVI Central Staffing Breakdown. FTE stands for civil servant full-time equivalent (per year),  

WYE denotes contractor person-equivalent (per year)

Director 0.6 0.4  1.0

Deputy Director 0.6 0.4  1.0

Distinguished Scientist 0.1 0.05  0.15

Staff Scientist 0.1 0.2  0.3

SSTP Project Manager   0.7 0.7

Executive Admin 0.5 0.5  1.0

Public Engagement Lead  0.5  0.5

Testbed Facility Management 0.1 0.15  0.25

Partnerships  0.25  0.25

Virtual Collaboration Specialists 0.25 0.6  0.85

Technical Writer 0.4 0.4  0.8

Graphic Designer 0.45 0.45  0.9

Web Master 0.15 0.45  0.6

Web Developer 0.5 0.5  1.0

Center Support (procurements,  0.4   0.4 

   COR, Resource)

Total FTE & WYE per Focus Area 4.15 4.85 0.7 9.7

% Labor/Focus Area 43% 50% 7%

SSERVI Central Staff/Roles SSERVI Admin
Comm Dev

& Engagement SSTP
Total

FTE/WYE
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SSERVI Central staffing levels have changed over the years, from a high of nearly 16 in 2016, to today’s level of ~10 

(see Figure 7.1, illustrating the SSERVI Central staffing since 2008). SSERVI leadership highlights the efficiencies they 

have gained over the program, enabling a leaner front office, running a larger program with less staff, but still main-

taining high visibility, high levels of service to the teams, and outreach and services to the broader community. The 

leadership roles include the Director and the Deputy Director. SSERVI Central did not strictly define the roles of these 

two positions [Finding 6.2], but the SSERVI Director and Deputy collaborate closely to leverage their leadership skills. 

SSERVI Central also brought in a Distinguished Scientist, an innovation that enables SSERVI Central to provide both 

guidance and visibility to SSERVI’s scientific mission [Finding 6.3].

Figure 7.1: SSERVI Central staffing levels by FY. FTE stands for civil servant full-time equivalent (per year),  

WYE denotes contractor person-equivalent (per year)

7.3 Overview of SSERVI’s Services to the Planetary Science and Exploration Communities

SSERVI Central’s services to the community can be broken into several major categories:

• Multimedia content and technical production services

• Meeting and website support

• Solar System Treks Project (SSTP)

• Coordination of focus groups

• Education and outreach to the public

• Miscellaneous services (awards, metrics compilation, collation of progress reports)
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SSERVI Central provided the SSRP a comprehensive listing of major events, products, and coordination efforts 

provided by SSERVI. Many of these products and services can be found on the SSERVI website. A summary of the 

major services is provided below.

7.3.1 Multimedia content 

SSERVI’s technology team has provided multimedia content delivery and technical production capabilities that 

have enabled communications and collaboration – a function at the heart of a virtual institute. SSERVI has hosted 

or facilitated many virtual events (including event operations, video recording, and websites and archiving), which 

has become a critical service throughout the 2020-21 COVID-19 pandemic [Finding 3.3]. Through the systems and 

connections already developed to support the SSERVI teams, SSERVI has been able to step into this critical role for 

the extended planetary science community, including the HEOMD and SMD customers. In addition, SSERVI noted 

that it is working with the NASA CIO office, trying to define acceptable IT solutions that provide more capabilities with 

increased security in order to meet increasingly complicated security requirements and collaboration demands.

7.3.2 Meeting support

The examples below list only a portion of the meetings that SSERVI has facilitated, and the focus is on the major 

events of the past 2 years. In addition, SSERVI has published roughly 30 individual websites for meetings, events, 

special topics, and these can be found on the SSERVI website. 

• The NASA Exploration Science Forum (NESF), SSERVI’s annual meeting with broad community involve-

ment. The 2020 NESF was widely recognized as an outstanding example of how to conduct confer-

ences virtually during exceptional circumstances presented by the Covid 19 pandemic. This role  

expanded in terms of scope and geography with the key supportive role the institute plays with the  

European Lunar Symposium (ELS). In 2021, the NESF and ELS were combined into one virtual meeting.

• LunGradCon, a meeting for graduate students that is held in advance of each NESF.

• Facilitating the 2020-2021 Lunar Surface Science Workshops, an SMD-HEO collaboration designed to 

collect community inputs on a variety of lunar exploration topics.

• 2021 SSERVI virtual workshop on Lunar Volatiles.

• Microsymposium, a mini-conference convened annually prior to the Lunar and Planetary Science Confer-

ence in partnership between the SEED Team and SSERVI Central.

• Support to special events like the 50th  anniversary of Apollo 11 in 2019.

7.3.3 Solar System Treks Project (SSTP) 

In 2013, NASA’s Lunar Mapping and Modeling Portal was transitioned to SSERVI for continued development and 

hosting (see https://trek.nasa.gov/). It was renamed the Solar System Treks Project, managed by the SSERVI Central 

Office, and developed and operated by the project team at JPL. Public outreach and general education about NASA 

missions and planetary exploration is a prime application of the SSTP. SSTP provides user-friendly online access to 

some of NASA’s planetary geospatial data derived from planetary missions and archived in the Planetary Data System 

(PDS), as well as visualization and analysis tools. Moon Trek is SSTP’s signature portal, serving visualizations and 

overlays of Apollo imagery, and data from missions such as Clementine, Grail, Kaguya, and several Lunar  
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Reconnaissance Orbiter instruments. SSTP also includes visualization portals for Mars, Mercury, Ceres, Vesta, Ben-

nu, Ryugu, Titan, Dione, Enceladus, Iapetus, Mimas, Phoebe, Rhea, and Tethys. Other solar system bodies served 

on SSTP are developed to a lesser extent than Moon Trek.  

7.3.4 Focus Groups

To facilitate cross-team collaborations, a set of topical focus groups have been formed by individual SSERVI inves-

tigators. Today, SSERVI hosts 8 different focus groups, including Equity-Inclusion-Diversity, Volatiles, Field Analogs, 

Solar System Bombardment History, Dust Atmosphere and Plasma, Payloads and Instrumentations, South Pole-Ait-

kin Basin, and Space Commerce (see https://sservi.nasa.gov/focus-groups/). The grass-roots inception and gov-

ernance of the individual Focus Groups reflects SSERVI’s topical breadth and preserves flexibility regarding Focus 

Group structure.

7.3.5 Education and Outreach

SSERVI central supports a wide variety of education and public outreach products and events. Some of these are 

annual events, some target underserved communities, and some are hosted by individual teams or team collabora-

tions. A few notable products and services are listed below, some are detailed on their website (https://sservi.nasa.

gov/communication-programs/), and additional descriptions are provided in Section 6 of this review. 

• Journey through the Universe program, which serves underserved native populations in Hawaii.

• Astromaterials Teacher Workshops (certified through NASA JSC Astromaterials Curation Office) to train 

teachers to introduce astromaterials samples into schools.

• International Observe the Moon Night. SSERVI handles the production of the event - specific lunar ob-

serving maps each year, designing supportive materials, and sponsoring local public events.

• Braille books to hundreds of locations internationally.

• Seminar series and courses. For example, in 2020 SSERVI provided a graduate/ professional course 

centered on the basics of extraterrestrial economic geology necessary to support an expanding and 

vigorous space economy. This effort included 30 lectures, and a vast majority of the presenters were 

SSERVI-funded scientists.

• Leading efforts like Education and EDIA (see Section 6).

7.3.6 Miscellaneous Services

SSERVI Central also provides or manages a variety of additional services for the SSERVI teams and the planetary 

science community including SSERVI awards to honor individuals for their contributions and achievements (https://

lunarscience.arc.nasa.gov/awards/), compilation of metrics and an index of publications and scientific contributions 

(https://sservi.nasa.gov/science-library/), and travel support.

7.4 Discussion 

The overall SSERVI budget is a substantial investment by both SMD and HEOMD. For example, the SSERVI budget 

is one of the largest line items when compared to PSD’s ROSES Programs; only the ROSES Solar System Workings 
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budget is larger (S. Rhinehart, pers. comm).  Annual budget pressure is experienced by all parts of NASA and has 

yielded an agency-wide focus on consolidating services elements and pressure for efficient operations. In the case of 

SSERVI, the efficiencies gained by SSERVI Central maximize funding for the SSERVI Research Teams.  

SSERVI Central provides a broad portfolio of services to the community, in addition to their coordination and support 

to the SSERVI teams. SSERVI Central performs the critical function of administering a large NASA R&A program, 

supporting individual teams, fostering collaboration between the teams under the virtual institute umbrella, hosting 

multi-media collaboration tools that are increasingly central to the work of the planetary science and exploration 

communities, and providing a spectrum of education, outreach, and diversity services. The breadth and complexity of 

SSERVI’s community support has increased, especially over the past two years. The SSERVI Central team has man-

aged these efforts despite a flat budget, and they have demonstrated that they are an innovative and efficient team 

[Finding 6.1]. To ensure continued excellence at the leadership level and workforce planning across SSERVI Central, 

the SSRP recommends defining the leadership roles and responsibilities [Finding 6.2], and recommends that SSERVI 

consider adding a senior exploration scientist on their leadership staff. 

The SSRP commends the SSERVI Central team for their commitment to all services they provide, and in particular, 

for the way they leveraged their capabilities as a virtual institute and their connection to the planetary science com-

munity to facilitate the virtual connections like the Lunar Surface Science Workshops during the COVID-19 pandemic 

[Finding 3.3]. 

The SSRP also recognizes that SSERVI Central services can only be stretched so far, and that there are risks  

incurred with flat administrative budgets and the resulting reduction in team size that may result in pressure on  

critical capabilities and to the overall efficiency of the entire SSERVI program. In fact, comments provided by the 

Moon-Mercury Decadal Panel public hearing on SSERVI (June 25, 2021) voiced concern about the broad SSERVI 

scope and that SSERVI Central may be trying to do too much. Going forward, NASA and SSERVI should define and/

or review requirements and develop priorities for SSERVI investments that are community resources, including col-

laboration services that are provided by SSERVI Central as well as SSERVI investments in facilities, and ensure that 

those requirements and priorities are tied to SSERVI’s charter [Findings 6.4 and 6.5; Recommendation 1.2.1]. 

In terms of meetings, another comment from the Moon-Mercury Decadal Panel public hearing noted that, as the 

planetary science community has grown, SSERVI’s hallmark meeting, the NESF, has had substantial overlap with the 

content of the Lunar and Planetary Science Conference, and that the NESF has lost some edge with the prolifera-

tion of many smaller topical meetings. A recommendation by several panelists was for SSERVI Central to assess the 

“big picture” goals of the NESF and consider whether those goals are being achieved by the NESF (Moon-Mercury 

Decadal Panel hearing, June 2021). However, the associated meetings for early career scientists (LunGradCon), and 

the processes SSERVI has instituted to provide responsibility and exposure to early career scientists at the SSERVI 

meeting, remains a model for the community (see discussion in Section 6).  

The Solar System Treks Project (SSTP) also serves as a mechanism for public outreach as well as a resource for the 

planetary community. The SSTP receives dedicated funding and continues to add capabilities. However, the SSRP 

recommends that the SSTP work closely with NASA HQ (both HEOMD and SMD) to define both a strategic plan as 

well as a communication plan for SSTP to better coordinate SSTP with other NASA geospatial data products.[Finding 6.6]
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The inception and growth of the SSERVI Focus Groups is also a positive development promoted by SSERVI Central. 

The Focus Groups help to foster both grass roots collaborations between teams and facilitate deeper investigations 

and connections. The Review Panel believes that the  Focus Groups can serve even greater roles, and that SSERVI 

Central should work with each of the groups to develop charters for them that include expectations and deliverables 

from these collaborations, as well as a communication plan to encourage participation by the larger non-SSERVI 

community. [Finding 5.1]

 

In summary, SSERVI Central’s administrative responsibilities efficiently provide many important services to the plane-

tary science and human exploration communities. With a focused charter, clear delineation of roles and responsibil-

ities, and close coordination with NASA Headquarters about priorities for its products and services, SSERVI Central 

can continue to fill a critical role for NASA to foster innovative and collaborative team activities and research, support 

the science and human exploration initiatives, and connect the public with NASA’s exploration activities.
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SSERVI SECTION 8
VALUE OF VIRTUAL TEAMS AND FUTURE OPPORTUNITIES FOR SSERVI

8.1 Value of Virtual Institutes

SSERVI is structurally organized as a virtual institute and is positioned to take advantage of many of positive attributes 

of such a configuration (Schmidt and Gibbs, 2020). This structure is particularly important in facilitating SSERVI goals 

of integrating activities among science, exploration, commercial space efforts, and international space programs. The 

large, interdisciplinary virtual team organizational structure provides several advantages and values that include: (1) 

Bringing together different scientific disciplines, and orchestrating them to focus on common complicated problems 

(e.g., the Moon). (2) Long-term, stable research environments. (3) Important interfaces to NASA HQ for responding to 

new strategic directions and providing timely input to NASA. (4) Value to both NASA and the larger planetary science 

community through the integration and implementation of virtual technologies that are fundamental to virtual insti-

tutes. (5) International partnerships, enabled by virtual institutes, that foster and strengthen common goals. (6) Devel-

opment of mission and payload concepts for later study and implementation (Schmidt and Gibbs, 2020). (7) The ca-

pability to adjust the efforts of the virtual institute to respond to new science discoveries or unanticipated changes to 

NASA strategies. (8) The intellectual and facilities infrastructure offered by a such an institute provides an outstanding 

environment for training the next generation of scientists and engineers. (9) Common facilities developed and funded 

under the virtual institute providing facility stability, and increasing facility access by not only SSERVI nodes, but also 

the planetary community. (10) A broad (government and non-government) intellectual  network for the commercial  

development of space. Here, we examine the value provided by SSERVI to NASA and the planetary science commu-

nity utilizing these characteristics of a virtual institute. 

Does SSERVI bring together different scientific disciplines and help to orchestrate them to focus on common  

complicated problems (e.g., the Moon) providing value for NASA? 

Virtual institutes such as SSERVI have the capability to support the research efforts of individual research nodes and 

facilitate collaborations within and among nodes. These collaborations provide multidisciplinary perspective to ex-

amining and solving planetary science and exploration problems. A clear example is the utilization of orbital, surface, 

geophysical, sample data and dynamical modeling to solve major lunar problems identified in the Decadal Survey 

and SCEM reports (National Academy of Sciences, 2018; and National Research Council, 2007), including research 

related to lunar volatiles, impact history of the inner solar system, and magmatic evolution of the Moon. Such a multi-

faceted approach is critical for defining missions and the critical objectives, measurements, instruments, and landing 

sites. One of the defining attributes of today’s SSERVI is the overlapping of science and exploration research themes 

(Figure 8.1). Evidence provided in peer reviewed publications, collaborative study groups (e.g., volatiles, SPA), and 

meetings like the Exploration Science Forum shows that cross-fertilization is occurring among nodes and to a more 

limited extent between nodes and the planetary science community. Cross-team fertilization appears to be most 

evident in identifying and accessing lunar volatiles and in conducting analog field work.  

However, the question arises whether the SSERVI is using this structural advantage to its full extent. For example, 

there have been numerous lunar and planetary initiatives over the last 2 decades (e.g., Planetary Materials, New 

Views of the Moon, Oxygen in the Solar System, New Views of the Moon 2) that are generally unfunded initiatives (or 
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initiatives with limited funding) and have their origin in the overall planetary science community and not specifically 

within SSERVI. Going forward, it would seem that a virtual institute could serve as an incubator for such initiatives 

that have their origins at NASA HQ, at SSERVI Central, or in the SSERVI Executive Committee. As with many of these 

other initiatives, a work product must be well defined. The SSERVI nodes have a diversity of highly competent scien-

tists and engineers whose talents can be used to address many types of planetary problems. However, if an import-

ant planetary problem or NASA initiative is identified and significant expertise is not available in the nodes, it is unclear 

how SSERVI fulfills that short term need.   

Does the structure of SSERVI provide long-term, stable research environments? 

Each SSERVI team is funded for 5 years with the goal of selecting new teams staggered on a 2.5 year period. 

The 5-year award (and in several cases, individual nodes have been funded for 10-15 years across multiple CANs) 

provides a unique, stable long-term environment to complete proposed research and pursue new discoveries. This 

structure also allows groups to coordinate important collaborative research outside the scope of SSERVI and seek 

additional funding. Overall, this virtual institute structure benefits the coordination and sustenance of research  

Figure 8.1. Science and exploration theme overlap among current nodes. It should not be construed from this diagram, 

however, that these overlaps lead to collaborations among nodes.
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collaborations which is impossible to do within small, individual research grants. Further, it provides an opportunity 

to continuously fund major user research facilities that would benefit not only funded nodes but also the broader 

planetary research community. It would seem that a high level of management and coordination is needed for the 

successful use of this stable environment from selecting teams, coordinating activities among nodes, and providing 

access to SSERVI initiatives. Without some types of coordination, the effort afforded by the stable environment could 

degenerate into well-funded individual research grants. It is important to develop a charter for SSERVI from which a 

strategic plan and metrics for evaluation of nodes and their evolution can be derived [Findings 1.2 and 3.2].

 

Does SSERVI provide an important interface to NASA HQ for responding to new unanticipated changes to NASA 

strategies and providing important input to NASA? 

The NLSI-SSERVI has been designed to respond rapidly to changes in NASA planetary exploration strategies or new 

science discoveries. There are several examples of this capability. Upon the change of NASA’s human exploration 

strategy from the Moon to other potential human exploration targets (e.g., near-Earth asteroids, moons of Mars) the 

NLSI evolved into the SSERVI. Every 2.5 years, SSERVI team selection may respond to perceived NASA needs or 

new discoveries (e.g., last selection cycle emphasized lunar volatiles). Up to 20% of team funding may be redirected 

to respond to NASA needs during a funding cycle. With the renewed strategic interest in the Moon, this capabili-

ty provides value for NASA in the short and long term. We encourage the next cycle of team selection (CAN 4) to 

focus upon the Moon  (Recommendation 2.1.1) and to be closely linked to immediate needs of Artemis and robotic 

missions. In addition, in the situation in which the current nodes do not have the expertise to respond to changes to 

NASA strategies the SSERVI central should be given the flexibility to reprogram funds to add expertise to teams or 

conduct community workshops to identify possible solutions [Finding 3.2].

Is the integration and implementation of virtual technologies through SSERVI valuable for NASA and the planetary 

science community? 

Fundamental to the operation of a global planetary science and exploration institute is the communication and 

collaboration among nodes, team members, and the broader planetary science community. This capability has been 

particularly important during the COVID-19 pandemic [Finding 3.3]. SSERVI has been at the leading edge of virtual 

collaboration since its inception, producing a variety of virtual presentations, large conferences, webinars, workshops 

without walls, seminar series, and group-to-group and person-person meetings. SSERVI Central has provided insight 

and guidance to numerous NASA organizations and teams to increase the awareness and effectiveness of collabora-

tion technologies. The production of virtual events often requires an experienced technical team to work in conjunc-

tion with the scientific organizers to maximize an event’s productivity. SSERVI implements and integrates high-fidelity 

video conferencing, real-time meeting and communication platforms, websites and dynamic web applications, online 

communities, social networks, shared databases, data visualization applications, and mobile devices. SSERVI also 

focuses on researching user experience improvements and integrating new capabilities that further enable and en-

hance accessibility. SSERVI plans on fostering commercial partnerships with its neighbors in Silicon Valley to evaluate 

the latest state-of-the-art in computer technology, and SSERVI actively researches, reviews, and beta-tests new tools 

to find those best suited for virtual collaboration. However, this potential enrichment in virtual capabilities has not been 

fully demonstrated to the SSRP.  
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Does SSERVI’s international partnerships foster and strengthen common goals? 

Utilizing the virtual institute structure, NLSI and now SSERVI have added international nodes on a no-exchange-of-

funds basis. The integration of international partners into SSERVI adds monetary and work effort value to fulfilling 

NASA goals and potentially the goals of other space agencies. These international nodes represent foreign space 

agencies and universities (Figure 2.2) Although individuals funded under NASA small grants have added internation-

al partners on the no-exchange-of-funds basis (e.g., ANGSA; Glaze and Noble, 2021), the benefit of the linkage of 

these partnerships to SSERVI generates long term funding commitments for these collaborative institutions from their 

governments. There is substantial evidence for the success of these SSERVI international partnerships. The inter-

national partnerships have grown from 7 members during the early stages of NLSI to 12 current members. SSERVI 

and its European colleagues created the pan-European Lunar Consortium and initiated the annual European Lunar 

Science workshop. A joint virtual meeting with the European Lunar Science Workshop and the SSERVI Exploration 

Science Forum was held in the summer of 2021. Scientific collaborations between NASA-funded nodes and inter-

national partners are documented in the peer review publication record. In addition, foreign partners participate in 

SSERVI focus groups. While this has been a success on numerous fronts, coordination of activities and cost are 

potential issues that need to be revisited by SSERVI Central. Coordinating activities such as international exchanges 

for professionals, students and post-docs, international lab usage to extend analytical capabilities available to SSERVI 

nodes, international participation in some aspect of the SSERVI executive committee and coordinated sample ex-

change would enhance this aspect of SSERVI. Running an international partnership on a no-exchange-of-funds basis 

does have cost associated with it. At this stage, this may only involve visits to international nodes by SSERVI Central. 

Does SSERVI foster the development of mission and payload concepts for later study and implementation? 

The SSERVI potentially provides a structure and network to act as an incubator for the parturition and evolution of 

science ideas and identifying important planetary problems that could lead to mission concepts, necessary measure-

ments, potential landing sites, and instrument packages. There are several examples of how successful SSERVI has 

been in the development of fundamental ideas to mission concepts. These developments include the LDEX instru-

ment (Lunar Dust Experiment) concept which led to the similar SUDA instrument (Surface Dust Analyzer) for the  

Europa mission; the use of analog missions to conduct field work to test robotic and hand-held instrumentation 

for field measurements; research on voids and lava tubes for potential sustainable habitats on the Moon and Mars; 

identification of potential human mission concepts by integrating important lunar problems with a fundamental under-

standing of regional lunar geology; work with USGS on algorithms to process remote sensing data with ground-truth 

to produce resource prospecting maps; development of an array of exciting astrophysics mission concepts for the 

Agency including, but not limited to the Farside Array for Radio Science Investigations of the Dark ages and Exoplan-

ets (FARSIDE), Dark Ages Polarimeter Pathfinder (DAPPER). In several of these examples, the lack of well defined 

metrics to evaluate instrument concepts, defined hypotheses tested during analog activities, and utilization success 

during a mission prevent nodes and SSERVI Central from adequately illustrating evolution of concepts, payload  

development and utilization on space missions.

Does SSERVI demonstrate the capability to adjust effort of the virtual institute to rapidly respond to new science 

discoveries? 

One of the positive attributes of the SSERVI is the potential for nodes to rapidly change direction as directed by 

SSERVI Central/NASA to emphasize a new area as a result of new science discoveries. Several clear examples of 
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new discoveries and research areas are volatiles in permanently shadowed regions on the Moon, indigenous vola-

tiles in the lunar interior, excavation of lunar mantle, potential young volcanic activity on the Moon, the existence and 

dynamics of the lunar core, chronology of the early Moon, and sampling technologies for planetary volatiles. SSERVI 

has been able to respond to some of these exciting discoveries. It is important for SSERVI Central leadership to be 

able to differentiate fads from important science. SSERVI has taken some steps such as incorporating lunar science 

expertise into its management. Utilizing the SSERVI Executive Council and focus groups in a proactive manner could 

be used to identify new discoveries and initiate SSERVI response. [Recommendation 5.1.1; Finding 6.3 and  

Recommendations 6.3.1 and 6.3.2]

Does the intellectual and facilities infrastructure offered by SSERVI provide an environment for training the next gener-

ation of scientists and engineers? 

Training of the next generation of planetary scientists and engineers is not only important for NASA’s exploration of 

the Solar System, but is also critical for the commercial development of space and the competitiveness of the United 

States in international competition. In addition, training of groups traditionally under-represented in science and 

engineering results in national economic equality. The involvement of early career scientists and engineers in a large 

stable, multidisciplinary, dynamic environment provides a knowledgeable and innovative workforce for the future. 

The large, virtual system also provides networking among the next generation that will increase their future success. 

Between 2014 and 2021, 570 undergraduates, 624 graduate students, and 261 post-docs were associated with 

SSERVI activities. This should not be interpreted as only individuals being supported by SSERVI Central or nodes. 

Since its inception in 2008, NLSI-SSERVI has annually held Next Generation workshops during their annual meet-

ing and co-sponsored early career workshops at meetings such as the Lunar and Planetary Science Conference. 

The annual meetings sponsored by NLSI and SSERVI have led the way for integrating next generation students into 

important organizational roles. Webinars and seminars without walls have been designed with early career individuals 

in mind. There are potentially other avenues that could be explored for training. Exchange of students and post-docs 

among nodes (US and international nodes), providing research opportunities for students not directly linked to nodes, 

training at analytical facilities, introducing students to NASA sample collections, and providing opportunities for under-

standing NASA politics would further increase the capabilities of the next generation.[Finding 8.1]

Has SSERVI developed, funded, and provided access to common facilities? 

There are numerous facilities that have been developed under NLSI-SSERVI (e.g., Linear Electrostatic Dust Accel-

erator at the University of Colorado (Figure 8.2), Regolith Testbeds at NASA Ames (Figure 8.3) and Kennedy Space 

Center) or added to SSERVI infrastructure via funded nodes (e.g., Ultra High Vacuum Chamber & Ice and Gas Target 

Chamber at University of Colorado; Reflectance Experimental Lab at Brown University, Vibrational Spectroscopy Lab 

at Stony Brook; NASA Goddard Radiation Facility; Physical Properties Lab at the University of Central Florida; Micro-

gravity Drop Tower also at UCF). In addition, there are probably other analytical facilities associated with NASA funded 

and international nodes that may be available under the SSERVI banner that have not been documented. Association 

of these facilities with SSERVI provide facility stability, potentially increase facility access to not only SSERVI nodes, 

but also to the planetary community for collaborative research, provide a training ground for the next generation of 

planetary scientists and the research facilities can be leveraged by NASA to benefit targeted research efforts. The ef-

fort to establish SSERVI community facilities has been successful in various research facets. As examples, the Exolith 

Lab at UCF has provided tailored simulant materials to over 350 customers, and the lunar surface test bed at Ames 
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Figure 8.2: Linear Electrostatic Dust Accelerator at the University of Colorado

Figure 8.3: Regolith Testbed at NASA Ames
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is being used by the VIPER mission. However, the facilities that are associated with SSERVI could provide greater 

community impact. A full listing or identification of facilities linked to SSERVI nodes and a clearer pathway for facility 

access and use could be established to provide greater access for research to these facilities through SSERVI  

Central. This could be similar to the pathway that the LPI provides to the facilities at the Johnson Space Center. 

SSERVI could define science and exploration initiatives that could benefit from SSERVI-funded facilities, including 

both SSERVI team research and other elements in planetary science. On a larger scale, with the return of numerous 

suites of lunar, asteroid, and martian samples over the next decade, SSERVI appears to be well placed to respond to 

the National Academies of Science, Engineering, and Medicine report that was issued in 2019; Strategic Investments 

in Instrument and Facilities for Extraterrestrial Sample Curation and Analysis” (National Academy of Sciences, 2018). 

In addition to these resolvable issues, it is unclear what becomes of a facility once the node that created it is no lon-

ger funded by SSERVI.  Would that facility no longer be part of the SSERVI infrastructure?  SSERVI Central, together 

with NASA, could expand the utility of SSERVI investments in facilities through focused strategic planning, facility 

guidelines and communications to the planetary and exploration community about the facilities. [Finding 6.5]

Does SSERVI provide a broad (government and non-government) intellectual network for the commercial  

development of space? 

With the expansion of the commercial development of space under the current NASA strategy, the SSERVI has a 

role to play with regards to identifying broad science goals, defining potential types and quality of measurements that 

could resolve these science goals, and recognizing specific technology necessities for carrying out missions (e.g., 

ISRU, Sample Return). The SSERVI has used its assets to assist the commercial development of space in general, 

and the Moon in particular. These activities include: (a) Organizing a number of small workshops integrating scientists 

and small commercial enterprises in the early 2010s which ultimately led to  the  “Lunar Science for Landed Missions 

Workshop”, co-sponsored with LEAG, (January 10-12, 2017); (b) Commercial themes associated with the Exploration 

Lunar Forum; and (c) Recognition of integration of science, engineering, and technology through the “Wargo  

Exploration Science Award”. [Finding 7.1]

8.2 Pitfalls of Virtual Institutes

There are numerous pitfalls that are inherent in the structure of a virtual institute. The institute must be aware of these 

potential negative issues and develop mitigation strategies to address them at some level, for example: (1) The ability 

to respond to new discoveries and new NASA science and exploration directions is dependent upon the diversity of 

nodes and node members. (2) Collaboration among nodes of a virtual institute is not always easy and at times not 

obvious. (3) The “have” and “have-not” mentality may develop as a result of funded SSERVI nodes representing a 

small portion of the planetary science community and numerous nodes being funded for a long duration over multiple 

funding cycles [Finding 4.2]; and (4) Growing future generations of planetary and lunar scientists may be restricted to 

themes funded by SSERVI nodes. Here we examine how well the SSERV dealt with the pitfalls in this design and offer 

possible solutions.
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The ability to respond to new discoveries and new NASA science and exploration directions is dependent upon the 

diversity of nodes and node members. 

Particularly if the nodes are selected and focused on a limited number of research areas, their ability to respond to 

new developments becomes limited. Some of this response can be made over the 2.5-year funding cycles. For ex-

ample, a greater emphasis on the Moon and lunar exploration may result in the selection of nodes away from NEOs 

and moons of Mars during CAN 4. Response over the shorter term perhaps can be resolved through the organization 

of workshops involving the broader community. Another short-term adjustment could be made by not only requiring 

funded nodes to change a small percentage of their direction, but request that they reprogram some of their funding 

to support experts not originally funded under their node [Finding 3.2].

Collaboration among nodes of a virtual institute is not always easy and at times not obvious.

Identification of possible collaborations may be difficult and potentially be driven by internal self-interests. Collab-

orations most often will be made at the node level and within individual nodes. The SSERVI Executive Committee 

should play an important role in brokering discussions and collaborations, especially for new research initiatives. 

Other guidance to develop new collaborations may come from NASA HQ, SSERVI central, and the entire planetary 

community as new research or high priority initiatives require different or broader approaches. Responding to new 

initiatives suggested by NASA HQ is built into the budget of the nodes. However, these initiatives should be shaped 

by SSERVI Central and the Executive Committee, and SSERVI central should play a role in formulating new collabo-

rative initiatives. To do this successfully requires the appropriate scientific leadership within SSERVI to ensure that the 

new collaborative research is important science beneficial to the community. SSERVI Central has grown some internal 

science capabilities as a first step. Finally, developing a pathway for reviewing and encouraging initiatives and partic-

ipation from the planetary community is another approach that would bring additional benefit to the virtual institute 

and by promoting new collaborations. The SSERVI Focus Groups should play an important role in developing and 

sustaining new cross-SSERVI and cross-community collaborations.[Recommendation 3.2.3; Finding 5.1 and  

Recommendation 5.1.1]

“Have” and “have not” mentality will develop as a result of funded SSERVI nodes representing a small portion of the 

planetary science community.

The mid-point decadal review requested an assessment of the difficulty of PIs to become successful in the SSERVI 

program. Over 70 PIs submitted proposals as part of the NLSI and SSERVI CAN call for proposals (Figure 8.4a). This 

suggests that a relatively large number of the planetary science community competed for funding. Figure 8.4a also 

illustrates that a large number of PIs submitted only one proposal. This could be a result of either the PI giving up 

after the first submission or that PIs combined their talents for a single proposal on subsequent attempts. Both are 

probably true. It appears from the data in Figure 8.4b that, once successful in the SSERVI program, the likelihood of 

getting repeated funding increases compared to a new start. In our examination of the SSERVI competitive selec-

tion process, it appears to be fair and high quality proposals are selected that are relevant to the goals of NASA and 

SSERVI. We do not see any approach that can fully eliminate this issue, but SSERVI Central should recognize this 

as a problem and attempt to reduce it. The survival of SSERVI is tied to its support within the community. Part of the  
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solution could include improvements in transparency of the selection process, especially the post-selection debriefing 

process, to include fuller discussion about reviewer comments and selection context for the unsuccessful proposal. 

For example, during debriefing, statements such as non-selection based on ambiguous terms like “programmatic  

selection” do not build confidence in the selection process. Another part of the solution is the engagement by SSERVI 

of non-node organizations and individuals. The outreach to these communities during the NASA Exploration Science 

Forum has been successful by including NASA Headquarters, science, and mission update sessions. Further, the 

SSERVI Central has reached out to the broader planetary community through webinars and Focus Groups, and  

expanding the Focus Group structure can build on this progress. Promoting SSERVI facilities and providing community 

access to these facilities and engaging the community in new initiatives and new SSERVI directions may also increase 

SSERVI’s inclusivity. The bottom line is to make SSERVI important to the wider planetary science community.

Growing future generations of planetary and lunar scientists may be restricted to themes funded by SSERVI nodes.

Planetary science and exploration of the Moon and NEA involves a very large community, and it is impossible for 

SSERVI to fund all these avenues of research in a single CAN cycle. Further, it is also difficult to predict our long-term 

personnel needs for future planetary exploration and national science engineering competitiveness. As a starting 

point, it is possible for SSERVI to evaluate possible needs during a long-term exploration of the Moon based on 

Artemis architecture (Figure 8.5). The 2019 National Academies of Sciences, Engineering, and Medicine review of 

Strategic Investments in Instrumentation and Facilities for Extraterrestrial Sample Curation and Analysis identified in-

vestments in future generations. Funding a small number of early career scientists and engineers that fall outside the 

funded expertise of nodes may provide some relief of these issues. [Recommendation 6.3.2]

In summary, SSERVI brings high value to the planetary science and exploration communities as a large, cross- 

disciplinary institute [Finding 1.1]. The virtual institute structure provides many benefits, and SSERVI has potential to 

grow the service and benefits it provides to the community through thoughtful leadership, strategic planning,  

communications, and leveraging its progress through focus groups, workshops, virtual technologies and more.

Figure  8.4 (a): Number of times an Individual PI has submitted a SSERVI proposal; and (b) Number of times an  

Individual PI has been selected for NLSI or SSERVI.
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Figure 8.5a: Collecting samples during an Artemis mission. 

Figure 8.5b: Advanced curation studies of unopened Apollo samples (ANGSA).
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ACRONYMS

A
ARC Ames Research Center

B

C
CAN Cooperative Agreement Notice

CIO Chief Information Officer

CLASS Center for Lunar and Asteroid Surface Science

CLSE Center for Lunar Science and Exploration

Co-I Co-Investigator

ConOps Concept of Operations

D
DREAM2 Dynamic Response of Environments at Asteroids, the Moon, and moons of Mars

E
EDIA Equity, Diversity, Inclusivity and Accessibility

ELS European Lunar Symposium

ESDMD Exploration Systems Development Mission Directorate

ESPRESSO Exploration Science Pathfinder Research for Enhancing Solar System Observations

F
FY Fiscal Year

FINESSE Field Investigations to Enable Solar System Science and Exploration

G
GEODES Geophhysical Exploration of the Dynamics and Evolution of the Solar System

GSFC Goddard Space Flight Center

H
HEOMD Human Exploration and Operations Mission Directorate
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I
ICE-FIVE 0 Interdisciplinary Consortium for Evaluating Volatile Origins

IDEA Inclusion, Diversity, Equity and Accessibility

IMPACT Institute for Modeling Plasmas, Atmospheres, and Cosmic Dust

ISECG International Space Exploration Coordination Group

ISET Institute for the Science and Exploration Targets

ISRU In-Situ Resource Utilization

IT Information Technology

J
JSC Johnson Space Center

K

L
LEADER Lunar Environment and Dynamics for Exploration Research

LEAG Lunar Exploration Analysis Group

LPI Lunar Planetary Institute

LSIC Lunar Surface Innovation Consortium

LSSW Lunar Surface Science Workshop

M

N
NAS National Academy of Sciences

NASA National Aeronautics and Space Administration

NEA Near Earth Asteroid

NESF NASA Exploration Science Forum

NESS Network for Exploration and Space Science

NLSI NASA Lunar Science Institute

NPP NASA Post-doctoral Program

NRC National Research Council

O

P
PDS Planetary decadal survey

PI Principal Investigator

PSD Planetary Science Division
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SSERVI APPENDIX 3
REVIEW TERMS OF REFERENCE

Background

The Solar System Exploration Research Virtual Institute (SSERVI) is a virtual institute, first established as the NASA 

Lunar Science Institute (NLSI) in 2008. In 2013, the scope of the institute was expanded to include human explo-

ration targets beyond the Moon. SSERVI was founded on the principle that science enables exploration and explo-

ration enables science (Schmidt and Gibbs, 2020), and the research carried out by SSERVI teams goes beyond 

pure science to provide input to the Human Exploration and Operations Mission Directorate (HEOMD) for questions 

directly applicable to future human exploration. As such, SSERVI is jointly funded by NASA’s Science Mission Direc-

torate (SMD) and Human Exploration and Operations Mission Directorate (HEOMD), wherein HEOMD is committed to 

provide approximately one third of SSERVI’s annual funding.

The midterm review of the planetary decadal survey in 2018 (National Academies of Science, 2018) called for an 

independent review of both the role and performance of NASA’s virtual institutes, including SSERVI, to be completed 

before the next decadal survey. Subsequent reviews of SSERVI should be conducted on a regular basis, in line with 

the decadal survey and midterm review cadences. Thus, this senior review panel (SRP) has been convened to con-

duct the first such review of SSERVI.

References

National Academies of Sciences, Engineering, and Medicine (2018), Visions into Voyages for Planetary Science in the 

Decade 2013-2022: A Midterm Review. Washington, DC: The National Academies Press.  

https://doi.org/10.17226/25186.

Schmidt, G. and Gibbs, K. (2020), Value of Virtual Institutes & the Synergy of Science and Exploration, White paper 

submitted to the Decadal Survey on Planetary Science and Astrobiology. Retrieved from  

https://sservi.nasa.gov/wp-content/uploads/2020/09/virtual_institutes_wp_2020_09_15.pdf.

Terms of Reference

The purpose and scope of the SSERVI SRP is to provide an independent assessment of the virtual institute. Topics 

to be addressed include, but are not limited to:
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• An assessment of how well the program structure and funding are aligned with SMD’s science goals

• An assessment of how well the program structure and funding are aligned with HEOMD’s exploration goals

• An assessment of administrative costs, including governance and overhead costs

• An assessment of the effectiveness of the institute in terms of research productivity, i.e., publications

• An assessment of the effectiveness and innovative activities of the institute in terms of mission relevance 

and use of the knowledge and products developed for human exploration and operations

• An assessment of success with Inclusion, Diversity, Equity and Accessibility (IDEA) issues among institute 

teams

• An assessment of the scientific and operations value and effectiveness of an institute that connects both 

SMD and HEOMD

• An assessment of the effectiveness of SSERVI’s efforts for growing and strengthening the community 

(including the next generation and IDEA issues)

• An assessment of the community support provided by SSERVI, such as website development and virtual 

meeting support

• An assessment of the value of large SSERVI teams compared with that of ROSES research and analysis 

programs

• An assessment of the effectiveness of SSERVI as a virtual institute

Committee Membership

The review panel shall be assembled and conducted by NASA’s contractor, Arctic Slope Technical Services (ASTS), 

which also serves as the contractor for NASA Research and Education Support Services (NRESS).

The senior review panel consists of subject matter experts from NASA and the broader scientific community. Panel 

members were chosen by representatives from NASA’s Science Mission Directorate (SMD) Planetary Science Division 

(PSD) and Human Exploration and Operations Mission Directorate (HEOMD). The committee also includes ex offi-

cio members as representatives from PSD, SMD’s Exploration Science Strategy and Integration Office (ESSIO), and 

HEOMD.

Review Materials

The review will be based on materials provided to the panel from SSERVI. These materials include SSERVI annual 

reports, “Value of Virtual Institutes & the Synergy of Science and Exploration” white paper, and budgetary information, 

including administrative costs and funds for individual nodes, and other relevant documents. In addition to the written 

documentation, a half-day presentation to the panel from members of SSERVI leadership will be required. The panel 

can also request additional information pertinent to the review through the ex officio members through November 1, 2021.

Schedule*

The panel shall meet once a month until the final report is delivered, constituting approximately 6 total meetings. All 

meetings will be held virtually, using Teams. The tentative schedule is as follows:
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• 12/1/2020: Meeting of co-chairs and ex officio PSD representative to determine questions and input 

required from SSERVI

• 1/25/2021: First meeting of full panel

• 6/11/2021: Delivery of materials to panel from SSERVI

• 8/26/2021: SSERVI presentation(s)

• Week of September 13 or 20, 2021: Meeting of full panel to discuss findings (multiple meetings may be 

required)

• 10/27/2021: Executive summary of report, with findings and recommendations, submitted to decadal 

survey chairs

• 11/19/2021: Final report submitted to PSD, HEOMD, and the decadal survey chairs

*Note: some dates have been changed with approval, but without signatures.

SSERVI SRP Report

The SRP will deliver a final report to PSD and HEOMD senior leadership and the chairs of the National Academies’ 

Planetary Science and Astrobiology Decadal Survey 2023–2032 upon completion of the review, anticipated by  

November 19, 2021. The report is anticipated to contain findings pursuant to the ToR included in Section 2.

Signatures

Dr. Amanda Nahm

Dr. Stephen Rinehart

Dr. Julie Robinson

Dr. Lori Glaze
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SSERVI APPENDIX 4
SENIOR REVIEW PANEL BIOGRAPHIES

Cynthia Evans
Cynthia Evans (chair), is the Senior Exploration Scientist for the Astromaterials Research and Exploration Science 

(ARES) Division within the Exploration Integration and Science Directorate at NASA’s Johnson Space Center (JSC). In 

this role, she leads a team that is formulating the science operations and science integration support for the Artemis 

Program missions to the Moon, including training future astronaut crew members in geological field work to prepare 

them for future planetary exploration. She is also the lead integrator for the cross-NASA science team that supports 

HEOMD’s (Human Exploration & Operations Mission Directorate) Science and Technology Utilization Office at NASA 

HQ. Evans has served in several roles at Johnson, including Division Chief for ARES, Manager of the Astromaterials 

Acquisition and Curation Office, International Space Station Associate Program Scientist for Earth Sciences, and lead 

for Johnson’s Image Science and Analysis Group. She has worked extensively with astronaut crews and mission op-

erations teams to develop and implement science requirements, including crew training, mission planning, and data 

evaluation. Prior to working at NASA, Evans was a Visiting Professor at Columbia University’s Lamont-Doherty Earth 

Observatory and an Assistant Professor in the Geology Department at Colgate University, performing research in the 

petrology, geochemistry and evolution of ophiolites and the ocean crust. She has participated in several field, oceanic 

and planetary analog expeditions, as well as two field seasons in Antarctica as part of the NASA-NSF-Smithsonian 

ANSMET (Antarctic Search for Meteorites) Program. 

Charles Shearer
Charles Shearer (chair) is a Senior Research Scientist in the Institute of Meteoritics and Research Professor in the De-

partment of Earth and Planetary Sciences at the University of New Mexico (UNM) and a Visiting Scientist at the Lunar 

and Planetary Institute. Prior to UNM, he was a research scientist in the Institute for the Study of Mineral Deposits, 

Assistant Director of the Engineering and Mining Experiment Station, and Research Professor in the Department of 

Geology and Geological Engineering at the South Dakota School of Mines. His research focuses upon the petrology, 

mineralogy, chronology, and geochemistry of planetary materials from the Earth, Moon, Mars, and differentiated small 

bodies using a variety of novel analytical approaches. He has served as chair of the Curation and Analysis Planning 

Team for Extraterrestrial Materials (CAPTEM), Lunar Allocation Subcommittee of CAPTEM, Lunar Exploration Analy-

sis Group (LEAG), and the LPI Science Committee. Within these roles he championed sample return missions from 

a variety of planetary bodies. He devised and promoted the concept of studying unopened Apollo samples as an 

analog to inexpensive sample return missions and is co- lead scientist of the Apollo Next Generation Sample Analysis 

(ANGSA) initiative. 
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Justin Hagerty
Justin Hagerty is the director of the USGS Astrogeology Science Center, which provides key scientific and technical 

research and services to the planetary science community. Prior to his appointment as director, Dr. Hagerty was a 

research geologist with the USGS, specializing in understanding the trace element geochemistry of the Moon. He re-

ceived the Presidential Early Career Award for Scientists and Engineers (PECASE) for his work related to understand-

ing the geochemical and volcanic asymmetry of the Moon. He has also combined sample and remote sensing data 

to understand the formation of unusual silicic lithologies on the Moon. Dr. Hagerty has served on NASA Planetary 

Science Advisory Committee (PAC), he was the director of NASA’s Regional Planetary Image Facility (RPIF) Network, 

he has served on the Curation and Analysis Planning Team for Extraterrestrial Materials (CAPTEM), and he has served 

on the Mapping And Planetary Spatial Infrastructure Team (MAPSIT) as a contributing and Ex Officio team member.

Jose Hurtado, Jr.
Jose Hurtado, Jr. is Professor in the Department of Earth, Environmental, and Resource Sciences at the University 

of Texas at El Paso (UTEP). His research interests include terrestrial geology and remote sensing, focusing on the 

geomorphic and tectonic problems in the western US and Asia, and he has over 25 years of field experience, includ-

ing multiple expeditions to the Nepal and Bhutan Himalaya. His planetary science interests include remote sensing 

studies of the Moon as well as work in analog environments investigating the tools and techniques for planetary 

surface exploration with humans and robots. Over the past decade, he has partnered with colleagues at NASA 

Johnson Space Center, Goddard Spaceflight Center, and Ames Research Center on numerous analog field tests 

and field research projects, and he has also served as instructor for earth and planetary science training for NASA 

and international partner astronauts. During 2014-2015, Dr. Hurtado joined the operations team at Virgin Galactic 

as an astronaut instructor and also worked on SpaceShipTwo cabin systems and life-support engineering tasks. He 

currently serves on the executive committees for the Lunar Exploration Analysis Group (LEAG) and the Lunar Surface 

Innovation Consortium (LSIC), previously served on the LEAG specific action team on astronaut geological training, 

and currently serves on the LEAG specific action team on lunar critical data products. He is a Fellow of the Geological 

Society of America (GSA).

Rosaly Lopes
Rosaly Lopes is the Directorate Scientist for Planetary Science at NASA’s Jet Propulsion Laboratory, California Insti-

tute of Technology and Principal Investigator of several NASA research projects. She has a Bachelor’s in Astronomy 

and Ph.D. in Physics from University College London and her major research interests are planetary and terrestrial 

geology, volcanology, and habitability. She was a member of the science teams of the Galileo and Cassini missions, 

mainly studying Io and Titan. She was Manager of the Planetary Science Section at JPL and has held several po-

sitions of leadership in the planetary science community, including Chair of the Division for Planetary Sciences of 

the American Astronomical Society, President of the American Geophysical Union’s Planetary Science Section, and 

Editor-in-Chief of the planetary science journal Icarus. She currently serves in the Space Studies Board of the Na-

tional Academies. She is an elected Fellow of the AGU, GSA, and AAAS. She has published over 130 peer-reviewed 

publications and 8 books. She has been active in education and outreach, with a special interest in Latino communi-

ties and has been honored with, among others, the Carl Sagan medal of the American Astronomical Society.
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Clive Neal
Clive Neal obtained his PhD in geochemistry and petrology in 1986 from the University of Leeds, UK. He moved to 

the United States later in that year where he spent 4 years as a post-doctoral research fellow at the University of Ten-

nessee – Knoxville, where he was introduced to the study of Apollo lunar samples. He has been involved in the study 

of the Moon since then using samples, as well as remotely sensed data from missions including and since Apollo. He 

is currently a Professor of Planetary Geology at the University of Notre Dame. Neal has served on numerous mission 

and research review panels, including being the Chair of the Lunar Sample Allocation subcommittee 2005-2009, and 

was a member of the Senior Review panel for NASA’s Planetary Science Division in 2012 and chaired that panel in 

2014. Neal was the chair of NASA’s Lunar Exploration Analysis Group from 2006-2010, where he led a community 

effort to develop the Lunar Exploration Roadmap, and again from 2015-2018, where he formed the LEAG Commer-

cial Advisory Board. He is currently a member of the National Academies Committee on Astrobiology and Planetary 

Science. Neal is passionate about NASA and in returning humans to the Moon and beyond in a sustainable, econom-

ically beneficial, and permanent way. In 2015, he received the NASA Wargo Award for contributions to the integration 

of exploration and planetary science throughout his career.

Brad Bailey
Brad Bailey (Ex officio member) is currently serving as a program scientist for NASA’s Exploration Science Strategy 

and Integration Office (ESSIO) within NASA’s Science Mission Directorate, where he is focused on integrating science 

into robotic and human missions to the lunar surface. His primary role is leading the selection of instruments for man-

ifesting onto Commercial Lunar Payload Services (CLPS) deliveries to the Moon’s surface and coordinating landing 

site selection and concepts of operations for these deliveries. Brad served as the staff scientist and then deputy 

director of NASA’s Solar System Exploration Research Virtual Institute (SSERVI) (2008-2019) and the NASA Astrobi-

ology Institute deputy director for strategy and partnerships (2018-2019). Brad has been in his current role at NASA 

Headquarters since 2019.  

Amanda Nahm
Amanda Nahm (Ex officio member) is a program officer in the Science Mission Directorate’s (SMD) Planetary Science 

Division (PSD) and a program scientist in the Exploration Science Strategy Integration Office (ESSIO), where she is 

the lead PSD program officer for the FINESST program for graduate students (Future Investigators in NASA Earth 

and Space Science and Technology) and has served as a caucus member for several other research and analysis 

programs. In addition to these responsibilities, she also is the lead for the Gateway Lunar Discipline Working Group, 

tasked with identifying objectives for utilization of the Gateway for lunar science. She is also the lead author on the 

chapter about lunar tectonics for the upcoming New Views of the Moon 2 volume. Her research interests focus pri-

marily on tectonics on bodies in the Solar System with solid surfaces, such as the Moon, Mars, Europa, and Ence-

ladus. Dr. Nahm has been a high school science teacher, an Alexander von Humboldt Postdoctoral Research Fellow 

at the German Aerospace Center (DLR) in Berlin, and has held postdoctoral research positions at the University of 

Idaho, the University of Texas at El Paso, and the Lunar and Planetary Institute in Houston.
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Bette Siegel
Bette Siegel (Ex officio member) is program executive in the Human Exploration and Operations Mission Division 

(HEOMD) at NASA. She is responsible for planning, integrating, and communicating science requirements for future 

exploration missions. In addition, she is the Executive Secretary for the NASA Advisory Council’s Human Exploration 

and Operations Committee. She is the point of contact within HEOMD for planetary protection for human missions to 

Mars and she is the program executive for Solar System Exploration Virtual Institute (SSERVI). Prior to this position, 

she had worked at NASA Headquarters for 17 years  as a scientist in the life sciences area. Dr. Siegel also focused 

on women’s health issues in microgravity and the development of spin-offs that could help women with health issues 

here on earth. In addition, she participated in the planning of the International Space Station requirements for the 

pressurized module. On behalf of NASA, she studied sleep and circadian rhythm research for space travel with 

colleagues at Harvard Medical School’s Brigham and Women’s Hospital. Dr. Siegel received her B.A. in English and 

Chemistry from SUNY at Stony Brook in New York, her M.S. in Physiology and Biophysics from the University of 

Pennsylvania School of Medicine, and her Ph.D. in Physiology and Biophysics from the University of Miami School of 

Medicine, and conducted postdoctoral research at Duke University in Durham, NC.






