'ﬂ Research Report

ALEXANDRA GERBER, JESSIE RIPOSO, MELANIE A. ZABER, BONNIE L. TRIEZENBERG

Breaking Glass,
Missing Hands

Addressing Workforce Constraints That Threaten
the Resilience of the Space Industrial Base



https://www.rand.org/pubs/research_reports/RRA3665-2.html
https://www.rand.org/

For more information on this publication, visit www.rand.org/t/RRA3665-2.

About RAND

RAND is a research organization that develops solutions to public policy challenges to help make communities throughout the world
safer and more secure, healthier and more prosperous. RAND is nonprofit, nonpartisan, and committed to the public interest. To learn
more about RAND, visit www.rand.org.

Research Integrity

Our mission to help improve policy and decisionmaking through research and analysis is enabled through our core values of quality
and objectivity and our unwavering commitment to the highest level of integrity and ethical behavior. To help ensure our research
and analysis are rigorous, objective, and nonpartisan, we subject our research publications to a robust and exacting quality-assurance
process; avoid both the appearance and reality of financial and other conflicts of interest through staff training, project screening,
and a policy of mandatory disclosure; and pursue transparency in our research engagements through our commitment to the open
publication of our research findings and recommendations, disclosure of the source of funding of published research, and policies to
ensure intellectual independence. For more information, visit www.rand.org/about/research-integrity.

RAND?’s publications do not necessarily reflect the opinions of its research clients and sponsors.

Published by the RAND Corporation, Santa Monica, Calif.
© 2026 RAND Corporation
RAND? is a registered trademark.

Cover photo: gorodenkoff/Getty Images.

Limited Print and Electronic Distribution Rights

This publication and trademark(s) contained herein are protected by law. This representation of RAND intellectual property is
provided for noncommercial use only. Unauthorized posting of this publication online is prohibited; linking directly to its webpage
on rand.org is encouraged. Permission is required from RAND to reproduce, or reuse in another form, any of its research products for
commercial purposes. For information on reprint and reuse permissions, visit www.rand.org/about/publishing/permissions.

RR-A3665-2


http://www.rand.org/t/RRA3665-2
http://www.rand.org
http://www.rand.org/about/research-integrity
http://www.rand.org/about/publishing/permissions

About This Report

Modern warfighting is enabled or supported by systems in space, and substantial analysis focuses
on ensuring that military space capabilities are resilient and responsive. Yet the ability to restore those
capabilities has received comparatively little attention. Near-peer adversaries, particularly China and
Russia, have developed and demonstrated the ability to threaten, degrade, and destroy U.S. space
assets, which could severely degrade U.S. and allied warfighting effectiveness across nearly every
domain. Therefore, how quickly the United States could restore those capabilities may be a decisive
factor in whether it would prevail in a protracted conflict. This report focuses on strengthening the
U.S. industrial base workforce’s capacity to rapidly reconstitute space-based capabilities within 12 to
24 months of loss. The goal of our broader project is to identify actions the U.S. Space Force (USSF)
should take to strengthen the space industrial base and be prepared to reconstitute space-based
warfighter services in a near-term (2027-2032) protracted war against a near-peer adversary. The
data-gathering phase of the research took place from October 2024 to March 2025. In spring and
summer 2025, we validated those data and performed a preliminary analysis of courses of action
intended to reduce supply chain risk. A separate report assesses the current state of the space
industrial base, and it outlines the planning and preparations needed for reconstitution; this report
documents our examination of space industrial base workforce issues, and we focus on how the USSF
and industry could leverage existing U.S. government workforce initiatives.

RAND Project AIR FORCE

RAND Project AIR FORCE (PAF), a division of RAND, is the Department of the Air Force’s
(DAF's) federally funded research and development center for studies and analyses, supporting both
the United States Air Force and the United States Space Force. PAF provides the DAF with
independent analyses of policy alternatives affecting the development, employment, combat readiness,
and support of current and future air, space, and cyber forces. Research is conducted in four programs:
Strategy and Doctrine; Force Modernization and Employment; Resource Management; and
Workforce, Development, and Health.

For additional information about PAF, visit www.rand.org/paf.

This publication documents work originally shared with the DAF in July 2025. The draft, dated
April 2026, was reviewed by formal peer reviewers and DAF subject-matter experts.

The views expressed in this publication are those of the authors and do not reflect the official
policy or position of the U.S. Department of War or the U.S. Government. Review of this material
does not imply U.S. Department of War endorsement of factual accuracy or opinion.
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Summary

Modern warfare relies on space-based capabilities; therefore, a key question is how quickly the
United States can replace those capabilities during a conflict. Although much attention has focused on
making these systems more resilient, far less has examined how fast they can be rebuilt after an attack,
especially within 12 to 24 months. China and Russia have shown they can threaten or destroy U.S.
space assets, potentially weakening U.S. and allied military operations across many domains. In a
prolonged conflict, the ability to restore these capabilities on a short timeline could be critical. In this
report, we assess constraints on reconstitution arising from challenges for the space industrial base
workforce, specifically looking beyond the U.S. Space Force (USSF) and its acquisition workforce.

Key Findings

e The U.S. space industrial base faces severe workforce shortfalls. The space industry
employs approximately 3 percent of all U.S. engineers, and it faces a large credentialing gap (as
much as 1:17) for critical skilled technicians. Clearance delays and the prevalence of foreign
nationals among workers holding advanced degrees further constrain the classified workforce.

e Space reconstitution relies on workforce availability and readiness in the industrial base.
Surge success requires a trusted, agile civilian workforce with skills in science, technology,
engineering, and math (STEM). Without a base of continuous production, specialized skills
atrophy, and experienced workers migrate to other industries; the institutional knowledge
required to rapidly scale manufacturing is then lost, leaving the industrial base unable to
respond when demand surges. USSF should invest in pipelines to support reconstitution
within a 12-to-24-month window.

e Workforce strategy must address near-term urgency and long-term development. Near-
term investments should focus on three urgent priorities: improving the recruitment and
retention of STEM graduates, enlarging the available pool of skilled technicians, and funding
advanced fellowships in highly specialized fields. Ongoing efforts should be embedded within
a cultivate—train—qualify—retain framework that links early STEM outreach, vocational
training, and clear pathways to space careers.

¢ Industry should lead, but the USSF must provide support. The space industry already
invests in pipeline development, but it needs USSF coordination to align, expand, and sustain
efforts across the space industrial base. The Office of the Assistant Secretary of the Air Force
for Space Acquisition and Integration (SAF/SQ) should provide leadership and clear policy
to integrate these efforts with U.S. Department of War (DOW) programs,' thereby ensuring

! The Department of War is designated the Department of Defense under Public Law 81-216, National Security Act
Amendments of 1949.



that workforce development is treated as a matter of defense readiness and not simply as a
human resources issue.?

e  Workforce debates undervalue automation as a resilience lever. Many of the individuals in
the industry whom we interviewed focused heavily on pipelines, clearances, and training; they
rarely mentioned process automation, robotics, or the use of artificial intelligence to increase
productivity and reduce labor intensity. Current planning takes for granted today’s high-touch
manufacturing methods; however, the demands of reconstitution could change that calculus.
Many space producers currently operate at volumes too low to justify investment in
automation, or they have not had to scale to levels that would require them to automate. The
USSF’s most actionable point of leverage with producers involves incorporating surge clauses
into contracts going forward to incentivize firms to plan for scaling before a crisis demands it.

% Here, we are specifically referring to the civilian technical and production workforce in industries that support U.S. space
systems; this is distinct from the Department of the Air Force’s internal workforce or USSF civilian employees. Because space
defense industrial base workforce capacity is both a supply-chain risk and a production-capacity risk that directly affect space
system delivery and readiness, we have linked it with SAF/SQ'’s specific space-acquisition mandate rather than with SAF/AQ’s
wider acquisition and technology workforce development mandate.
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Breaking Glass, Missing Hands:
Addressing Workforce Constraints
That Threaten the Resilience of the
Space Industrial Base

Introduction

Concerns about the United States’ ability to maintain and defend its position as a world leader in
space are fueled in part by fears of critical workforce shortages.’ In this report, we focus on how such
shortages will fundamentally limit the U.S. industrial base’s capacity to reconstitute space capabilities
during or after a military conflict. This involves repairing or replacing destroyed or damaged civilian or
military infrastructure. The emphasis here is on reconstitution to recover from the eatly loss of a
significant fraction of the space capabilities that support global power projection. The timeline for
reconstitution that we describe would be more than weeks or months but less than the decadal time
frame it takes to replace end-of-life satellites. Conceptually, the goal is to have sufficient U.S. surge
capacity to reconstitute militarily critical space capabilities in 12 to 24 months by leveraging the
production capacity of the space defense industrial base (DIB) and initiating critical investments now
to alleviate whatever constraints may arise later.*

Additionally, the focus of our research is on the industrial base: the nature of its production, its
supply chains (which are often not exclusive to space), and the underlying workforce that supports it.
The resources that enable the reconstitution of a space capability are shown in Figure 1 and are the
following:

e launch capacity to place new or replacement satellites into orbit

e aproduction industrial base to design, develop, integrate, test, and deploy updated space
systems that are responsive to changes in the threat landscape (in a world where the adversary
can damage and destroy space systems faster than the United States can launch replacements,
producing exact replicas with known vulnerabilities may accomplish little)

e arobust supply chain to produce the many intermediate assemblies and services that compose
a space system

e atrusted, experienced, and agile workforce.

3 Stricklan, “Securing Our Future.”

* No such formal requirement exists, although the formation of the U.S. Space Force (USSF) in 2019 could be considered a tacit
acknowledgment that U.S. warfighters are highly dependent on space.



Figure 1. Space DIB

Professional associations and industry leaders are now highlighting the need to address critical
workforce shortages within the space industry.” Individuals we interviewed overwhelmingly framed
workforce solutions in terms of expanded pipelines, apprenticeships, cross-sector mobility, and
clearance acceleration—conventional human-capital levers aimed at increasing the supply of engineers,
technicians, and assemblers.® Notably absent from these discussions were mentions of process
automation, robotics, or artificial intelligence (AI)—enabled productivity tools as means to reduce the
inherent labor intensity of space manufacturing, assembly, integration, and testing. This is
understandable to some extent: Traditional space contractors operate at low volumes with complex
processes whose automation would be difficult to justify economically. However, a shift toward
smaller, more-proliferated satellite architectures for reconstitution could require production volumes
that make automation feasible and cost-effective. Stakeholders appear to be addressing a structural
productivity challenge primarily through volume-based hiring and training strategies and giving little
weight to automation as a complementary surge enabler.

This report focuses on the civilian science, technology, engineering, and math (STEM) workforce
required to reconstitute space capabilities. Although the space DIB requires skills in non-STEM
areas, such as administration, business, and operations, STEM roles are obviously essential, and
maintaining a reliable pipeline of STEM talent is an issue of acute concern. Our discussion involves
workers in the following three distinct categories:

> Space Foundation, “The Space Report 2025 Q1 Shows Growing Need for Skilled Labor in Space Workforce, Budget
Concerns, for U.S. Space Force, and Highlights Space Pharmaceuticals Investments”; Jent, “Space Industry Leaders Sound Call
for Action to Fill Critical Workforce Gaps.”

® Space industry representatives and program administrations from educational institutions, interviews with the authors, May
2025 to July 2025.



o The first category consists of the legions of engineers needed to architect, design, and test
space systems. These engineers are in high demand, both within the space industrial base and
in other industries.”

e The second category involves the skilled touch workers who build and test space systems. This
includes workers in comparatively niche roles, such as cleanroom technicians and thermal
blanket technicians.

e The third category consists of highly educated and specialized workers (holding master’s or
doctoral degrees) in fields that are unique to space. Two specific fields of concern are the
following:

— the engineers who conduct the cutting-edge material and process research needed to
advance the state of the art in the detection and tracking of infrared or other electro-
optical signatures

— the specialists who perform the esoteric but crucial work of designing space systems
that can withstand both natural and man-made radiation environments.

Study Approach and Limitations

Our interviews with industry representatives provide insights into existing production challenges,
which include both supply chain and workforce concerns. Specific workforce challenges identified by
interviewees include the attraction and retention of mid-career talent; the need for more-specialized
skills as technological complexity increases; bottlenecks in clearing new staff; the space DIB'’s ability to
compete with the tech and finance sectors; and volatility in the demand for space DIB talent.

Although our review of popular media outlets and trade literature reflects the themes we heard in
the interviews, the extent of these challenges is debated. To characterize the nature of the challenges,
we analyzed data from the U.S. Bureau of Labor Statistics (BLS), the U.S. Department of Labor, the
National Science Foundation, and the National Center for Education Statistics. Specifically, we
estimated the current and forecasted needs for employees with different educational attainments in
different trades. Job titles and skill sets identified by subject-matter experts as being relevant to the
needs of the space DIB were translated into Standard Occupational Classification Codes (SOCs) to
quantify the potential population of interest.* We also identified SOCs of interest using the National
Employment Matrix, which maps occupations by industry, focusing on occupations in satellite
communications, semiconductors, and nonmetallic mineral manufacturing (optical glass).’ To offer an
example, these data report the total number of electrical engineers employed in 2023. We estimate
that the three industries identified as being part of the space DIB account for approximately 5 percent
of employed electrical engineers. The BLS data also provide estimates of expected annual job
openings, occupational growth projections, and information about educational attainment. Data from
the National Center for Education Statistics, the National Science Foundation, and the U.S.

”

7 Grand View Research, “Aerospace Engineering Services Outsourcing Market Summary (2024-2030)

8 SOCs included 15-1252, 17-2061,17-2071,17-2072,17-2112, 17-2011, 17-2141, 17-2199, 17-3021, 17-3023, 17-3024,17-
3026, 17-3029, 49-2091, 51-9141, 51-2011, 51-2028, 51-2090, 51-4121, and 51-9061.

% BLS, “Employment Projections, Industry-Occupation Matrix Data, by Industry.”



Department of Labor provide insights into the expected number of graduates or credentialed
individuals per year.

There are some limitations to what data can reveal. BLS employment data typically reflect the
number of direct employees, as opposed to contractors, and granular data on occupations are generally
only available for workers employed by private firms. Moreover, those data reflect employment under
current economic conditions, and the employment growth forecasts are based on projections of
current data. For a break-glass scenario that involves surging production, redesigning systems, and
retooling to counter adversary tactics, workforce needs will scale quickly and unpredictably, in ways
that exceed standard economic growth.

Additionally, the workforce components involved in a surge may differ from the industry’s general
composition, so estimating needs is not simply a matter of scaling up current employment. Interviews
with industry representatives provided valuable context to understand which talent pools were already
strained (e.g., cleared personnel across specialties, software developers with expertise in embedded
software, and electrical engineers, including radio frequency engineers) and which pools would become
strained in a surge scenario (e.g., skilled touch technicians, including cleanroom technicians, mid-
career talent, and smaller specialties sensitive to industry volatility)."’ Interviewees emphasized the
challenge of “surging from zero,” noting that sustained small-scale production or a steady demand
signal would help maintain skill sets through volatile periods and also help industry prepare for a
surge. Ensuring steady production is not always achievable across the space industrial base. The Office
of the Assistant Secretary of the Air Force for Space Acquisition and Integration (SAF/SQ) should
maintain situational awareness of where gaps in sustained production exist and consider whether
additional acquisition investment is warranted to mitigate risks to skill retention and surge readiness.
Interviewees also emphasized that onboarding new workers, even those who are fully credentialed, can
take up to a year. The availability of physical facilities—for example, cleanrooms and secure work
areas—can become a correlated constraint on surge, because on-site presence requirements mean that
workers cannot be absorbed faster than facilities can accommodate them.

The Challenge: Limited Market Power and Niche Specialties

Drawing on 2023 data, Table 1 presents the current employment levels for select occupational
codes relevant to the space industrial base; the estimated average annual openings for those
occupations; the estimated percentage of workers in these occupations employed by the space DIB;
the estimated number of individuals per year who receive an aligned credential; and the estimated
number that will be needed in the space DIB.

19 The skilled touch labor force has variation within it, as we highlight in Table 1. Technicians and technologists have a longer
credential pathway, and they are what we refer to as high-skilled touch labor, whereas assembly labor has a shorter credential
pathway and is considered middle-skill touch labor. We will use the broader term, skilled touch labor, unless specifically referring to
the subset of technicians who are considered high-skilled touch labor.



Table 1. Supply and Demand of Employment in the Space DIB by Worker Category (2023)

Average Annual Average Annual
Total Occupational Credentialed Occupational Openings:
Employment Openings per Year Space DIB

Bachelor of science, master of 2,922,000 208,000 125,000 7,000 (3% of total demand)
science, and Ph.D.
Skilled touch: technicians and 319,000 30,000 11,000 5,000 (17% of total demand)
technologists
Skilled touch: assembly labor 2,278,000 244,000 13,000 11,000 (5% of total demand)

SOURCES: Features data from BLS, “Occupational Outlook Handbook”; National Center for Education Statistics, “CIP
SOC Crosswalk”; U.S. Department of Labor, “Explore Approved Occupations for Registered Apprenticeship.”

NOTE: Counts are rounded to the nearest thousand and reflect estimates. Industries included in space DIB calculations
consist of satellite communications, the semiconductor industry, and nonmetallic mineral product manufacturing. These
industries reflect a subset of the space DIB. At the bachelor of science, master of science, and doctoral levels,
occupations include software developers, computer hardware engineers, electrical engineers, electronics engineers,
industrial engineers, aerospace engineers, and mechanical engineers. At the technician and technologist level,
occupations include aerospace engineering and operations technologists and technicians, electrical and electronic
engineering technologists and technicians, electro-mechanical and mechatronics technicians, industrial engineering
technologists and technicians, avionics technicians, and semiconductor processing technicians. Assembly labor
occupations include aircraft rigging and systems assemblers (including cleanroom technicians); electrical, electronic,
and electromechanical assemblers; and welders, cutters, solderers, and brazers. Space DIB average annual
occupational openings are estimated from the space DIB share of employment, applied to overall openings.

There is debate as to whether the STEM labor shortage in the United States is real or perceived,
with most observers agreeing that there are shortages of workers in some STEM occupations but not
all of them." The perception of shortages is often connected with rapidly growing or emerging fields,
such as software development, data analytics, and AL. We estimate that nearly 3 million workers are
employed as engineers in roles that typically require a bachelor’s degree or higher. However, only
3 percent of those employed engineers work in industries that support the space industrial base. This
means that the space industrial base is not a primary consumer of these skills and therefore has limited
market influence. Moreover, interviewees suggested that several competing industries (including non-
STEM industries interested in employing STEM talent) offer higher pay, better benefits, and more-
flexible work environments. We expect that over the next ten years, job openings for aligned
occupations will grow faster than the number of engineers credentialed each year; that will further
exacerbate the competition for degree-holding engineers.

The advanced degrees required to design and build space assets can take several years to complete.
In addition to completing an undergraduate curriculum and practical experience, it could take 15 years
or more to develop a high-skill specialty. Although the space industry may not generate a significant
demand for advanced degrees, there are also not many academic programs offering advanced degrees
in laser and optical engineering, which are fields critical to space systems. Estimating the true size of
the population that is either qualified or in training for these fields is also difficult: Photonics expertise
can be gained through a limited number of specialized Ph.D. programs (e.g., the laser and optical

" Hira, “Is There Really a STEM Workforce Shortage?”



engineering programs near established space hubs), but many specialists are trained through Ph.D.
programs in electrical or computer engineering or through doctoral programs in general physics (at the
Georgia Institute of Technology, the Massachusetts Institute of Technology, Carnegie Mellon
University, and many other schools). Furthermore, only a fraction of graduates from engineering
programs are eligible for employment that requires security clearances because a large share of them
are foreign nationals. Seventy percent of recent electrical and computer engineering doctoral degrees
were conferred on foreign nationals.'

The manufacture of space systems also requires technicians, assemblers, fabricators, and other
skilled touch labor, but today’s high school graduates are disinclined to pursue careers in the skilled
trades.” The use of apprenticeships and the scale of training programs in the United States both lag
those of European nations.

As Table 1 shows, we estimate there are approximately 30,000 job openings per year for
technicians and technologists, but only 11,000 individuals are credentialed annually. The space
industrial base annual demand is approximately 5,000 of the annual openings (17 percent). For
assemblers, we expect to see approximately 244,000 job openings per year across the industries that
employ them, but only 13,000 individuals are credentialed annually. The space industrial base
constitutes about 11,000 (5 percent) of the annual openings for assemblers, and competition for the
13,000 credentialed workers will be fierce. The annual need for technicians and technologists in the
United States will be nearly three times greater than the number of workers credentialed per year, and
the annual need for assembly labor will be 19 times greater than the number of workers credentialed;
all of which presents significant challenges to the DIB. The increased need for semiconductor
production in the United States contributes to and exacerbates the shortages of skilled touch labor for
the space DIB."

Current Workforce Development Programs

For each category of worker, there are programs in place that support workforce development
within the space DIB. Programs may focus on cultivating interest in a particular occupation or
industry; increasing opportunities to receive training or necessary qualifications; or retaining qualified
workers within a specific occupation or industry. Such programs present opportunities for the USSF
to bolster resilience within the space DIB, either through advocacy or increased funding. Table 2
presents some of the initiatives that the USSF could pursue or expand to strengthen the workforce;
this list is not exhaustive, nor is it limited to programs solely led or employed by USSF.

2ys. Department of Education, National Center for Education Statistics, “Degrees and Other Formal Awards Conferred”;
National Science Foundation, National Center for Science and Engineering Statistics, Survey of Earned Doctorates, by
Demographics and Field of Study, 2023; National Science Foundation, National Center for Science and Engineering Statistics,
Survey of Doctorate Recipients by Demographics and Field of Study, 2023.

13 Yang, “America Needs Carpenters and Plumbers.”

¥ McKinsey & Company “Reimagining Labor to Close the Expanding U.S. Semiconductor Talent Gap.”



Table 2. Existing and Potential Initiatives to Address Workforce Issues

Possible USSF Support
Current Sponsor (if any) to DIB Workforce

Broad workforce—improve the pipeline of workers with STEM bachelor’s degrees to the space industry

Scholarships DOW, DIB Advocate/fund

Internship/co-ops DOW, USSF, DIB Advocate/implement/fund
Campus engagement DOW, USSF, DIB Advocate/implement/fund
Stackable credential pipelines DOW, DIB Advocate/implement/fund

Technician workforce—build the pipeline of technicians in niche occupations with low barriers to entry
Leverage regional innovation hubs DOW Implement/fund

Template modular/stackable Implement/fund
training programs; facilitate scaling

Replicate the Industrial Base Talent DOW Advocate/implement/fund
Program

Specialized workforce—ensure that the United States has sufficient talent in specialized fields (advanced
degrees)

Fellowships/scholarships targeted DOW, USSF Fund
at U.S. nationals

Grow the capacity of Ph.D. Advocate
programs in targeted subspecialties

NOTE: DOW = U.S. Department of War. The Department of War is designated the Department of Defense under
Public Law 81-216, National Security Act Amendments of 1949.

Both DOW and the USSF are actively involved in the development of the STEM bachelor’s
degree pipeline. USSF efforts are primarily geared toward recruiting for the guardian force, both
military and civilian. Those efforts include the Premier College Internship Program; Science,
Mathematics and Research for Transformation (SMART) program scholarships; and space mission
and operations certificates.”” Programs, such as the Club for the Future, Space for All, and USSF
STEM to Space, also focus on cultivating interest in space careers. The Space Workforce for
Tomorrow program offers scholarships and internship programs that help prepare STEM talent for
the space DIB. More broadly, DOW offers STEM education and development opportunities through
its Defense Civilian Training Corps (DCTC), a partnership between DOW and academia that aims
at qualifying the next generation of STEM defense leaders. Although this initiative currently focuses
on preparing candidates for DOW employment (beginning with the acquisition workforce), the
scholarship-for-service model could be extended to the broader space DIB.'

Several programs support the pursuit of advanced STEM degrees. The National Defense Science
and Engineering Graduate Fellowship helps U.S. citizens pursue advanced degrees in STEM. The

15 Tnformation regarding these programs can be found at DOW, “Scholarship for Service Program.” See also Air Force Civilian
Service, “Current Students.”

16 Serbu, “New Defense Civilian Workforce Pipeline in the Works, Starting with 4 Universities.”



SMART Scholarship-for-Service Program also provides educational and workforce opportunities for
students interested in obtaining advanced STEM degrees.

DOW has taken steps to boost the space DIB manufacturing capability and the trade skills
required to support it. The National Imperative for Industrial Skills (NTIS) initiative was launched to
fund academia and industry solutions to challenges in manufacturing and technical workforce
development. DOW’s Microelectronics Commons Program was developed to foster a workforce
pipeline for microelectronics, a key component in the space DIB."” The program is organized around
geographically dispersed innovation hubs focused on microelectronics innovation and fabrication. It
offers the secondary benefit of fostering collaboration with community colleges and universities to
develop local skill-building and training programs.

The U.S. Navy's Talent Pipeline Program (TPP), which is maintained under the broader
Maritime Industrial Base Program, is a program of record that focuses on helping the maritime
industrial base develop a talent pipeline for the skilled trades.'”® The TPP is organized around regional
hubs; it partners with credentialing institutions, offers financial support for technical training, and
creates a pipeline for cleared workers. Several employers with whom we spoke discussed how they had
factored the local supply of workers into location decisions, or described collaborations they had
developed with community colleges (such as the Central Coast Partnership for Regional Industry-
Focused Micro/Nanotechnology Education between Santa Barbara City College and the University of
California, Santa Barbara) to cultivate local talent.” The models offered by the DOW programs
mentioned above suggest that such collaborations should be templated within an industry and scaled
nationwide for the space DIB.

These programs constitute a substantial investment of employers’ resources; the programs can
take considerable time and resources to initiate and maintain individually. Such consolidated efforts
could serve to boost the demand signal for workers in space-related industries, helping attract
individuals to roles that require only on-the-job training and no formal credential. Collectively, these
programs show that the private sector already actively invests in increasing workforce resilience, but
stronger USSF coordination could serve to unify and accelerate these efforts.

It is notable that the programs cataloged here constitute a robust portfolio of supply-side
interventions to cultivate, credential, and retain space DIB talent. However, these initiatives focus
almost exclusively on growing the number of workers rather than restructuring industry to require
fewer skilled touch labor hours per satellite or system through automation, digital engineering, or
standardizing modular designs. Although the current emphasis aligns with employers’ priorities, it
leaves other ways of mitigating labor shortages insufficiently explored.

17 Office of the Under Secretary of War (Research & Engineering), “Microelectronics Commons.”
'8 DIB TPP, homepage.

19 California NanoSystems Institute, “Central Coast Partnership for Regional Industry-Focused Micro/Nanotechnology
Education (CC-PRIME).”



Building a Ready Reserve of Space DIB Workers

There are steps that the USSF can take to increase the resilience of the space DIB workforce and
prepare for a potential surge. At the bachelor’s degree level, the USSF could consider funding
additional internships and scholarships for students pursuing careers in the space industry or
sponsoring additional university-based career events. The USSF could do this through the
infrastructure already established by the Space Workforce for Tomorrow initiative, by increasing its
investment in a number of existing scholarship programs and training, outreach, and recruitment
programs. The service should examine such mechanisms as funding additional SMART scholars,
expanding the number of participating universities in the Premier College Internship Program, and/or
increase student engagement by leveraging relationships through the University Partnerships
Program. Public engagement will need to play a larger role in the USSF’s efforts to attract workers,
both to its own ranks and to the space DIB. The USSF should consider increasing its public outreach
through increased participation in campus recruitment events; collaboration with community college
and university administrators to advocate for curricula that reflect USSF priorities; or even the
expansion of programs to make early contact with kindergarten to grade 12 (K—12) audiences. The
service may also want to explore using student loan forgiveness to attract college graduates to the space
DIB. These actions depend on complementary industry initiatives that maintain steady hiring and
training pipelines; employers must also continue investing to preserve the availability of skilled labor
both between contracts and in preparation for a conflict-driven surge requirement.

One way to increase the number of qualified personnel with specialized expertise and advanced
degrees is by expanding the number of scholarships and fellowships for U.S. citizens. The USSF
should intensify efforts to establish a new DOW Manufacturing Innovation Institute focused on
space manufacturing in a space DIB—heavy region, such as Colorado, Florida's Space Coast, and
Southern California.”® Such an endeavor would complement existing institutes focused on integrated
photonics and advanced manufacturing approaches. To prepare for a surge in specialized advanced
degrees, the USSF will need to identify which skills are most crucial and monitor the health of the
pipeline to develop and maintain those skills.

The USSF should advocate for the continuation and expansion of the NIIS program. To cultivate
the workforce over the long term, the USSF could assess training and certification programs in
cleanroom technology and semiconductor processing for scalability; it could then use that information
to expand its support for existing employer-community college partnerships or to develop new ones.

As the buyer in this labor market, the space DIB must play the primary role in efforts to expand
and sustain its workforce. Unfortunately, many space 2.0 firms are start-ups without the long-term
orientation or financial stability to sustain workforce investment, particularly when demand is volatile.
Unlike larger, more-established primes with diversified business lines, start-ups cannot easily absorb
the cost of maintaining talent pipelines through lean periods, and they cannot wait for educational
pipelines that take a decade to mature. Nonetheless, to ensure its ability to maintain status quo
production and meet surge demands, the space DIB must advocate for itself as an industry and take an
active part in solving the shortage of trade skills. This step includes increasing its own investments in

20 Office of the Secretary of Defense, Manufacturing Technology Program, “About the DoD Manufacturing Innovation
Institutes.”



vocational training pipelines and scholarships and developing tuition assistance programs to
strengthen both recruitment and retention.

Limited Options for Quickly Increasing the Workforce in a Break-Glass
Scenario

Interviewees emphasized that many positions involve long training pipelines that extend past
formal credentialing, even for technician roles. Workers need time on the job to develop their skills
and become productive. Emergency powers within the Defense Production Act might enable the space
DIB to mobilize trained workers from other industries but not without cost to those other industries
and to other national goals. And among the individuals we interviewed, there was no consensus as to
whether such a mobilization would be feasible, as many critical space roles require domain-specific
expertise, certifications, and security clearances, and there is insufficient evidence to suggest that
highly specialized technical talent can be rapidly retasked across sectors at scale. For that reason,
more-durable arrangements that build and steer talent pipelines into the space DIB would offer a
more reliable source of surge capacity than an emergency mobilization could. For example, cadets in
the ROTC across the services receive an all-expenses-paid college education in exchange for a future
service obligation; this is analogous to the civilian DCTC program described previously. The USSF
could allow ROTC graduates to meet that service obligation by working in the space DIB (restricting
service to qualifying employers). Similarly, SMART scholars commit to working in civilian DOW
positions, but that obligation could also be broadened to include employers in the space DIB.

To prepare for a surge, the USSF should commission a feasibility study to assess the extent to
which workers in technology-intensive industries, such as autonomous vehicles, biotechnology,
medical devices, and pharmaceuticals, could be upskilled or redirected to support space DIB
production. Such a study should account for the possibility that a reconstitution scenario may require
simultaneous surges across multiple defense industries, intensifying competition for the same talent
pools. The goal would not be to construct a detailed mobilization plan but to develop a working
understanding of feasibility across a variety of industries so that during a crisis planners would not
have to start from zero.

Longer-Term Actions to Support Workforce Pathways

To foster interest in space DIB careers, the USSF could expand its participation in existing K—12
programs designed to promote interest in space (e.g.,, USSF STEM to Space, Club for the Future,
Space for All). The service could also promote participation in the Premier College Internship
Program and advocate for new or expanded undergraduate curricula in STEM fields, particularly
those in which the space industry has difficulty finding workers. To cultivate interest in advanced
specialized degrees, the USSF could sponsor career fairs and a National Space Day. The service could
also fund National Defense Science and Engineering Graduate fellowships, promote the USSF
University Partnerships Program, and create a graduate fellowship program focused on USSF needs.
More directly, the USSF could also offer scholarships or fellowships in exchange for commitments to
work in the space DIB. To develop skilled touch workers, the USSF should evaluate the utility of a
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talent development program (e.g., the Navy’s TPP) and consider developing modular and stackable
training programs for key trades. A talent pipeline program could help the USSF monitor the needs of
industry and manage the supply of skilled-trade workers available to meet those demands.

Given the classified nature of many DOW space systems, cleared personnel are an essential
resource. Delays in the clearance process and restrictions on the transfer of clearances between firms
or contracts create bottlenecks for DIB hiring across sectors. In fiscal year 2024, initial Secret
clearances took, on average, more than 87 days to complete; Top Secret clearances took nearly six
months.”! Our space DIB interviewees noted these timelines as impediments to their ability to hire
and onboard talent.”” Policies that avoid overclassification and the excessive application of export
controls will enable workers to be more productive from day one, though we assume that, in a break-
glass scenario, one of two things will happen: Either necessary personnel will be cleared quickly or
information will be rapidly declassified.

Although these steps can support workforce development, the design of specific programs will
need to be informed by further analysis on the impact of surge scenarios on the workforce. Ensuring
the availability of a resilient space DIB workforce that can meet the challenges of reconstitution will
require the USSF to clearly define its workforce needs and sustain targeted initiatives that foster
growth and retention. Just as importantly, industry must continue leading execution through ongoing
investment in training, apprenticeships, and partnerships that maintain skilled labor to support
growth and a future surge requirement. Progress will depend on both government and industry.
However, because much of the space DIB cannot sustain long-term talent investment on its own, the
USSF and DOW must take the lead in providing policy coherence, resources, and consistent demand
signals—recognizing that, without a stable government demand signal, workforce gains made during
periods of growth will erode when conditions decline.

Additional Exploration of Automation Opportunities

Although our workforce analysis did not independently assess the feasibility of automation or
barriers to its implementation, the consistent absence of automation in interviewee responses marks
this issue as a notable blind spot in reconstitution planning. That absence is partly explained by the
fact that many space producers are start-ups that operate at volumes too low to justify investment in
automation. Moreover, those businesses have not yet been called on to scale production, which makes
skilled touch methods a logical choice during normal conditions. In a break-glass scenario, the volume
demands of reconstitution could change that calculus, creating conditions in which automation would
become both feasible and cost-effective. Surge strategies that pair human-capital investments (e.g.,
expanded SMART scholarships or TPP-style technician pipelines) with targeted automation
incentives (e.g., cost-sharing for robotic assembly, integration, or test cells) could materially reduce
dependence on scarce technicians and mid-career integration engineers. Moreover, such strategies
could incentivize firms to plan for scaling before a crisis demands it. The U.S. Department of the Air
Force and SAF/SQ have direct leverage here: Using contract modifications to fund surge planning

%! Security, Suitability, and Credentialing Performance Accountability Council, Trusted Workforce 2.0 Quarterly Progress Report.

2 The practice of transferring clearances may not always conform to the policy, and some observers have proposed having a
“Clearance Ready Reserve” to expedite the process. See Kyzer, “It's Time for a Security Clearance ‘Ready Reserve.”
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requirements would shift the industry's stance from one that is reactive to one that is anticipatory. In
the near term, that line of effort would face some workforce constraints: Shortages of automation
specialists (e.g., roboticists and AI/machine-learning integrators with space domain knowledge) would
compound the broader competition for engineering talent. This suggests that automation must be
framed as an augmentation to, and not a wholesale replacement for, efforts to build talent pipelines
and reserves.

Key Near-Term Actions

There is strong demand across the U.S. industrial base for individuals who graduate with
bachelor’s or master’s degrees in STEM fields. Attracting those individuals to the space industry, and
to the defense space industry in particular, is challenging. And certainly, most of the USSF’s
capabilities require some level of technological expertise. Below is a consolidated list of our specific
recommendations as to how the USSF could collaborate with space DIB partners to recruit and retain
talent in the fields of electrical, aeronautical and mechanical engineering, and computer science and
software engineering (see Table 3). The workforce needs of greatest urgency, in order, are as follows:
(1) attracting graduates with bachelor’s degrees in STEM fields to the space industry, (2) increasing
the supply of high-skill touch labor technicians, and (3) supporting candidates for advanced electro-
optical degrees. SAF/SQ should lead efforts to address those needs.

Table 3. Recommendations for USSF Talent Pipeline Development Activities and Investments

Recommendation Actor Resources Needed
Develop centralized USSF leadership and clear policy SAF/SQ Policy and strategy, primarily
authority to integrate space DIB workforce development with administrative

DOW priorities and programs

Fund additional internships and scholarships for STEM USSF/space DIB  $4 million per year
students (vocational, bachelor’'s and advanced degrees)
pursuing space DIB careers

Conduct outreach and recruitment activities at educational USSF/space DIB  $1 million per year
institutions at all levels (K-12, vocational training, and
universities) to promote space industry careers

Advocate for the expansion of the NIIS program, and USSF Administrative resources
collaborate to develop vocational training programs for key
trades in the space industry

Establish a new DOW Manufacturing Innovation Institute USSF/DOW Administrative resources
focused on space manufacturing

Incorporate surge planning requirements into future contracts USSF Administrative resources

Conduct a study on the feasibility of upskilling workers from USSF $800,000
related technology-intensive industries for surge scenarios
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Abbreviations

Al
BLS
DCTC
DIB
DOW
K-12
NIIS
SAF/SQ

SMART
SOC
STEM
TPP
USSF

artificial intelligence

U.S. Bureau of Labor Statistics
Defense Civilian Training Corps
defense industrial base

U.S. Department of War
kindergarten to grade 12

National Imperative for Industrial Skills
Office of the Assistant Secretary of the Air Force for Space Acquisition and
Integration

Science, Mathematics and Research for Transformation
Standard Occupational Classification Code

science, technology, engineering and math

Talent Pipeline Program

U.S. Space Force
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