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Complex societal issues surrounding future climate impacts and responses within coastal regions represent
multifaceted non-stationary problems requiring a large, diverse and skilled workforce to develop and evolve
solutions. The coastal zone represents a present and future challenge as the global nexus of nature, society,
infrastructure, and development. In the last 25 years, 1999-2024, several of U.S. organizations have formally
called for increasing the coastal workforce as complex coastal issues grow surrounding changing environmental
conditions related to coastal hazards (e.g., sea level rise, increased storm frequency and intensity) and increased
societal pressures such as development. Has society responded to these calls for action and if not, how can we
more effectively work to do so? This paper presents a broad overview of global coastal zone issues necessitating
workforce development. We posit tactics for workforce development across employment sectors and highlight
the Keystone Variable Framework used by the U.S. Coastal Research Program (USCRP) to target actions leading
to coastal sector workforce growth. Lastly, we discuss coastal student survey results to glean current and future
deterrents to coastal workforce development and how to overcome them. This paper represents a renewed and
imperative call to action for globally developing the coastal workforce across industries and disciplines,
providing a framework to do so in the Keystone Variable Concept, that can be utilized across employment
sectors.

Magnan et al., 2019; [PCC, 2021). Nearly all coastal zone environments
have been anthropogenically impacted. Despite geological instability
and increasing vulnerability to changing environmental conditions
related to increased coastal hazards (e.g., sea level rise, storm impact,
and flooding events), these areas continue to be exploited and devel-
oped, compounding issues of increasing coastal hazards (McGranahan

1.1. The need for a skilled coastal workforce

The coastal zone is a complex system providing numerous valuable
ecosystem services globally across economic and social sectors. The

coastal zone is defined as the onshore and offshore region of a coast
directly influenced by marine hydrodynamic processes (USACE, 1995;
Ahlhorn, 2018). This zone hosts interconnected critical terrestrial and
marine habitats and the contiguous region between sea level and 10 m
elevation contains >10% of the world population despite only covering
2% of land area (McGranahan et al., 2007). It is historically and pres-
ently one of our planet’s most highly productive, populated, and used
areas, generating 14% of global Gross Domestic Product (Lazarus, 2017;
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et al., 2007; Lazarus, 2017; IPCC, 2021 & 2022; Cooley et al., 2022).
Coastal zone management action and inaction have cascading impacts
on how associated social-ecological systems evolve and respond to
extreme events (Masselink & Lazarus, 2020).

Globally, independent industries, organizations, economies, and
communities (hereafter referred to as stakeholders) relying on the
coastal zone are diverse, but intrinsically and inextricably linked (Weber
& Nevela, 2006; Magnan et al., 2019). Actions by one stakeholder often
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impact another. Differing perceptions, interests, and needs must be
acknowledged and accounted for to achieve balance in effective Inte-
grated Coastal Zone Management (ICZM; Ahlhorn, 2018). Globally,
ICZM is strived for, but difficult to both practice and define success given
countless competing interests (Fig. 1) rooted in ethical and economic
concerns (Ahlhorn, 2018; Magnan et al., 2019; Sagoff, 2008). Stake-
holder priorities inform decisions and actions that alter and influence
the physical state and sense of place (Milne & Ateljevic, 2001; Green,
2009; Fig. 1). Within and among countries, public opinions and scien-
tific opinions on pressures related to the ocean are often not in alignment
(Potts et al., 2016). Coastal zone practitioners must maintain a delicate
social-ecological balance and receive specialized training in relevant
coastal processes to implement effective ICZM solutions (NRC, 1999;
Sagoff, 2008; Ahlhorn, 2018; NOAA, 2023).

To address future coastal community needs, experts must stem from
diverse and multi-disciplinary fields spanning traditional and non-
traditional backgrounds (Weber & Nevela, 2006; USNRC, 2016).
Traditional experts such as coastal engineers and scientists work today,
to some degree, with a range of experts including sociologists, econo-
mists, policy analysts, planners, communication specialists, data scien-
tists, spatial analysts, and educators. Expanded engagement with these
professionals and others in emergency response, renewable energy,
tourism, aquaculture and supporting fields can expand traditional ap-
proaches and lead towards novel coastal strategies as well as develop the
next-generation of experts. Trained individuals are needed across
employment sectors, governments, education levels, and academic dis-
ciplines. Both cross-disciplinary knowledge and the ability to effectively
communicate and build consensus with diverse teams are necessary
skills, as are the abilities to listen and account for a diversity of opinions
and priorities; these skills will grow more important as coastal zones
have increasing impacts and multi-sector benefits. Stakeholders work
independently, but task and project success and completion are
contingent on collective efforts that often necessarily spans international
borders (Hagermann & Kluge, 2017; CPMR, 2020). These interdepen-
dent teams bear high responsibility in addressing complex problems
with joint action amid non-transparent and dynamic conditions (Kluge,
2014). A large, diverse, and skilled workforce is needed to effectively
tackle evolving complex coastal issues (Vermillion & Higbie, 1994).
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In the last 25 years, independent U.S. stakeholders made formal calls
to increase the coastal workforce (Table 1). In 1999, a U.S. National
Research Council (NRC) committee of experts concluded there was an
explicit need for increased coastal engineering academic programs and
funding, while also acknowledging a need for coastal geologists and
physical oceanographers (NRC, 1999). A similar meeting of experts 15
years later echoed these sentiments and called for diversification of both
coastal research themes and trained disciplines, including biology,
ecology, chemistry, and social science (USNRC, 2016), indicating
progress towards interdisciplinary approaches to research becoming
more commonplace (Enquist, 2017). Recently, in 2023, NOAA dedicated
a funding opportunity dedicated to training tomorrow’s coastal leaders
(NOAA, 2023) and in 2024 10 of 21 coastal U.S. Army Corps of Engi-
neers (USACE) Districts independently stated needing a skilled coastal
workforce as a major future societal issue (BCER, 2024). These issues are
not limited to the U.S., in a report prepared for the European Commis-
sion on Fisheries and Maritime Affairs, Weber and Nevela (2006) call the
maritime workforce “the very core of economic growth” and emphasize
knowledge-dependency and specialized skill acquisition around filling
these essential roles. The European Social Fund (ESF+) presents the
labor force as an effective approach to climate change adaptation
requiring continued investment. Similarly, two recent EU-based reports,
one produced by Spain as a 2021 to 2030 action plan (MITECO, 2020)
and another for the European North Sea Region (CPMR, 2020) both
express the desire and need for continued investment in a skilled coastal
labor force that includes further training for existing workers, the cre-
ation of new jobs, and expansion of capabilities. These sentiments are
also felt in Australia, where community coastal needs are rapidly
growing at a pace greater than the capacity to address them (van Putten
et al., 2020; Elrick-Barr et al., 2025). Continued global calls for skilled
workforce development indicate we, as a collective society, have inad-
equately responded to these calls. Addressing higher-level systemic and
or structural problems, like barriers to entry, will likely hold more av-
enues for change and therefore have greater potential for positive
impact (Scoones et al., 2020).

A

Natural
Priorities

Economic
Priorities

Cultural
Priorities

Regulatory
Priorities

Fig. 1. Actions in the coastal zone with one priority intent are complex and affect others where coastal stakeholders (groups and individuals) maintain different
cultural (i.e., historic, religious, spiritual), natural (i.e., biotic and abiotic processes and communities), economic (i.e., job creation, tourism, recreation, trans-
portation, and commerce), and regulatory (i.e., governance and policy) priorities (A). Theoretically, a circle can represent a stakeholder, its priority balance (pie
chart slices), and operation or influence scale (circle size; A). A circle can also represent a specific coastal locale where the aggregated stakeholder priorities acting on
it define and impact the physical and abstract sense of that place. The priority balance at all scales is even (25%) in block A, but in reality, this is unlikely because of
competing interests. As an example, a heavily developed coastal region might maintain a priority balance that enlarges the economic and regulatory wedges in how
they support tourism and recreation, with corresponding decreases in the cultural and natural priority wedges to accommodate this (B). Conversely, an area with a
greater emphasis on natural priorities may also focus on regulatory compliance as required to protect these natural resources, where the emphasis on nature would
commensurately enhance cultural heritage in the region and likely diminish opportunities for some economic drivers and outcomes (C).
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Table 1

U.S. organizations that have explicitly produced a formal call (public-facing
directive, official release, or peer-reviewed literature) for developing the coastal
workforce in the last 25 years, 1999-2024.

Organization Call Type Source Details Source

National Research
Council (NRC)

1999 Report Findings of a committee of ~ NRC,
four U.S. Federal agencies 1999
regarding the state of

current and future research

and education needs

surrounding coastal

engineering.

American Shore & 2012 Organizational policy ASBPA,
Beach Preservation Publication statement on the perceived = 2012
Association (ASBPA) state of U.S. coastal

engineering and science.

U.S. Nearshore 2014 Findings of a 2014 meeting ~ NPC,

Processes Publication of members of academia, 2014

Community (NPC) industry, and U.S. Federal
agencies, representing the
U.S. nearshore community,
regarding future nearshore
research needs where
science and society
intersect.

U.S. Nearshore
Research
Community
(USNRC)

2016 Report Findings from a 2014 USNRC,
meeting of 70 individuals 2016
representing 32 U.S.

Federal and non-Federal

stakeholders across

academia and industry

surrounding the state of

nearshore research and

community needs.

ASBPA 2018
Publication

Organizational white paper ~ Elko et al.
about the state of the 2018
coastal engineering and

science profession viewed

through the lens of U.S.

academic opportunities

and Federal research

needs.

National Oceanic and 2023 Funded by the Inflation NOAA,

Atmospheric Targeted Reduction Act, the Climate 2023
Administration Funding Ready Workforce for
(NOAA) Coastal States, Tribes, and

Territories funding
opportunity aims to grow
the U.S. coastal workforce
by training and then
placing workers in existing
and emerging jobs to
enhance coastal climate
resilience.

In March 2024, the Board BCER,
on Coastal Engineering 2024
Research (BCER) identified

top coastal priorities in

each coastal U.S. Army

Corps of Engineers

(USACE) District. Results

indicated that10 of 21

coastal Districts expressed

an expected decline in the

skilled coastal workforce in

the coming decade as a

future challenge to

address.

U.S. Army Corps of
Engineers (USACE)

2024 Report

1.2. Training a skilled coastal workforce

Workforce development challenges are not novel to the coastal sector
or to the U.S. (e.g., Roche 2002; MITECO, 2020; CPMR, 2020;
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Elrick-Barr et al., 2025), and challenges in this sector are shared globally
across industries and coastlines (Magnan et al., 2019; CPMR, 2020).
Definitions of the coastal sector are known to vary in the EU (Weber &
Nevela, 2006). In this body of work, the coastal sector or workforce is
defined as the population of people and organizations relying on,
located in, and/or directly supporting communities in the coastal zone.
This workforce may be exclusively or temporarily supporting coastal
project development with their expertise and advanced training that is
predominantly STEM-based (Science, technology, engineering, and
mathematics). Workforce development throughout this paper refers to
specialized training or education required to attain job skills; this
training creates the talent pool from which workforce members are
recruited. Workforce members must be retained in that sector with
influx matching or exceeding outflux to maintain or meet growing de-
mand (Jacobs & Hawley, 2009; Garcia, 2015). The coastal sector de-
mand will increase relative to coastal population growth, climate
change, and the aging out and retirement of long-standing leaders
(McGranahan et al., 2007; Henderson et al., 2017; Magnan et al., 2019;
IPCC, 2022). We require more individuals across professions serving the
coastal community to perform technical, educational, managerial, and
sociological duties affecting how we handle current coastal issues and
predict and approach future hazards occuring more frequently and with
greater impact relative to both lives affected and mitigation dollars
spent (Magnan et al., 2019; IPCC, 2022; Elrick-Barr et al., 2025).

Presently, in the U.S., educational institutions are not meeting
workforce demands in degree areas traditionally supporting the coastal
workforce. According to data from the U.S. Bureau of Labor Statistics
(2024), and using aggregated statistics from Data USA (2024), the U.S. is
currently graduating students in engineering and geosciences at about
one-half the annual demand, compounding the workforce deficit
annually. For example, the number of engineering graduates is growing
at 3.5%, but jobs are growing at 5-6% in that sector. Similarly, the
number of geoscience graduates is growing at 2.1%, while labor demand
is expanding at 5%. Meanwhile, the aging of the U.S. population
2010-2020 occurred 5x faster than the previous century for those age 65
and over (Caplan, 2023). Aging of the so-called “baby boomers” is
contributing to what some refer to as the “silver tsunami” (Flood, 2020)
or “great retirement boom” (Montes et al., 2022). After peaking in 2027,
the proportion of retirement eligible people in the U.S. will decrease by
8% in 2030 but will be followed by >33% increase over the subsequent
20 years (U.S. Census Bureau, 2024). Both within academia and in-
dustry, the increasing rates of retirements lead to a loss of institutional
knowledge and fewer training opportunities for students and young
professionals. Concerns with the retiring of coastal industry leaders and
associated loss of best practices are shared between the USA and EU
(Weber & Nevela, 2006). However, in other countries, like those in the
EU and Australia, concerns for workforce development are not also
occurring concomitantly with overall reductions in the rates of higher
education attainment; in both Australia and the broader EU, levels of
higher education, university degrees, have been increasing in the last
decade (FEurostat, 2024; Statista, 2024).

In the coastal sector, the full spectrum of novice to subject matter
expert on the continuum of skill acquisition is needed, with proficiency
and training varying (Dreyfus & Dreyfus, 1980; Vermillion & Higbie,
1994). Generally, training or specialization is needed when actions hold
meaningful responsibility, such as decisions that impact lives directly or
indirectly by affecting management, policy, public safety, health, edu-
cation, or advocacy (Kluge, 2014). A well-developed coastal workforce
requires STEM skills-based training with an undergraduate degree or
higher (Vermillion & Higbie, 1994; NRC, 1999). Issues with impending
enrollment cliffs at academic institutions will be felt most strongly in
workforce sectors where degree-conferred skills are needed (Bauman,
2024) and with differing trends in degree attainment, will likely be felt
more acutely in some countries than others (Eurostat, 2024). This issue
is compounded by known difficulties surrounding hiring quality staff
with both the interest and skills required in the coastal sector
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(Vermillion & Higbie, 1994; Elko et al., 2018; Phillips, 2018a; BCER,
2024; Elrick-Barr et al., 2025).

To our knowledge, no workforce or managerial framework has been
applied broadly to the coastal workforce. Thus, rather than posting
methods that could theoretically be employed, we discuss the approach
taken by the U.S. Coastal Research Program (USCRP). The USCRP is a
community-based program conceptualized in 2014 in response to the
call to develop a skilled coastal workforce (NPC, 2014; USNRC, 2016).
Informed by the U.S. coastal community needs at large, the program
objectives are to (1) identify societally relevant coastal research prior-
ities/gaps, (2) enhance funding for academics and students to support
the future workforce, (3) foster collaborations, and (4) support science
translation for coastal communities (USCRP, 2024). The program is led
by Executive Director coastal experts with Federal, Academic, and
Stakeholder representation. In its first five funding years, USCRP
received 442 project proposals totaling $111 million requested from
universities across 39 U.S. states and territories and supported 62 pro-
jects at $14.6 million. Various U.S. agencies support coastal research (e.
g., NOAA, NSF), but USCRP is uniquely dedicated to coastal nearshore
research alone. The USCRP reduces duplication of effort by consolidating
and coordinating U.S. coastal federal research needs to address priority
societal demands that deliver results to improve coastal community
resilience. The breadth of proposals funded versus submitted (13%
funding rate) speaks to the need USCRP fills in this diverse and impor-
tant research arena. More details on USCRP are in Supplementary Ma-
terial S1.

1.3. The Keystone Variable Concept as an effective approach to complex
problems

Reducing phenomena to their base constituents can be an effective
approach to tackling complex problems (Ney, 2021). In the 1980s, to
efficiently resolve psychological issues, the human behavior field
adapted the ecological keystone species concept (Evans & Meyer, 1985).

DESIRED OUTCOME

A

Coastal workforce
development
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Ecological keystone species are those with a disproportionate commu-
nity impact relative to their abundance (Paine, 1969), whereas keystone
variables are behaviors that, if changed, are likely to have multiple
positive impacts or benefits on the greatest set of associated elements
(Evans & Meyer, 1985). In the psychological field, this concept became a
loose framework for approaching psychological issues by reducing them
to their most defining or impactful elements (i.e., keystone variables) to
target action on a desired outcome (Fig. 2). When applying this frame-
work, the appropriate balance must be found both for the number of
keystone variables targeted and action taken on them (Loehle, 1990;
Barnett et al., 1996), no easy task in complex systems where there are
fine lines between oversimplification, misrepresentation, and overall
complex (Grimm et al., 2005; Ntoumanis et al., 2014; Ward et al., 2020).
Empirical interdisciplinary methods have been suggested for selecting
behavioral or psychological target variables or outcomes (Barnett et al.,
1996). However, to our knowledge this approach and its employment,
hereafter the Keystone Variable Concept, appears to have been largely
overlooked and underused in the literature as a whole and has never
been applied to a workforce (Barnett et al., 1996). USCRP has adopted
and adapted this approach by acting on targeted groups, identified by
the Nearshore Research Community as keystone variables to efficiently
tackle a system-level societal issue (NPC, 2014; Fig. 2).

To facilitate the desired outcome (Fig. 2A), coastal workforce
development, USCRP focuses on actions to create opportunities and
support coastal students and (2) stakeholders as keystone variables
(Fig. 2B & C). The U.S. nearshore community suggested focusing on
students with emphasis on research funding and training opportunities
in 2014 (NPC, 2014); the U.S. National Plan reiterates this recommen-
dation, which partly guides USCRP, as a directive for coastal workforce
development (USNRC, 2016). Students are considered the most im-
pactful keystone variables as it is from this trained pool that recruitment
to the coastal workforce can occur (Fig. 3). The second variable, stake-
holders, emerged organically as a common theme in the 2014 Nearshore
Meeting and the National Plan, to tie fundamental and applied

B KEYSTONE VARIABLES
takeholders (Federal &
non-Federal)

> I

DIRECT

C ACTIONS:
on students

Create & support skills

training opportunities

Create opportunities
for collaboration

Create & support
leadership
opportunities

ate mentorship
opportunities
Support degree
advancement

Create & support
research opportunities

Create opportunities
for interaction

Support applied tool
development

\/

ACTIONS:
on stakeholders

Promote science
/\ translation
Create lea
opportunities

Community
engagement

Define & fill societally
relevant research gaps

New workforce stimulation

Students
supported/trained in
coastal research

Students entering the
coastal workforce sector

INDIRECT
Existing workforce enhancement

Resources created (i.e.,
outcomes) that can be

used by the existing
coastal workforce

Identify management
challenges

Fig. 2. Application of the Keystone Variable Concept begins by identifying the desired outcome(s) (A) that are based on keystone variables (B) with disproportionate
impact where change or action (C) is targeted on them to achieve measurable success (D) toward a desired outcome (A). Action on keystone variable 1, students, to
support their education and training is direct when performed by USCRP such as in workshops, and indirect when performed by a USCRP funded researcher acting as
a mentor; these direct and indirect actions collectively enhance and expand educational experiences and opportunities. Actions on keystone variable 2, stakeholders,
are largely indirectly mediated and controlled by principal investigators and their students, but tangible research products are in direct support of the stakeholder

community at large especially those produced in consort with stakeholders.
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O State of career stage
== Degree advancement

_> Positive coastal-related experiences can affect career path decisions

_> Negative or neutral coastal-related experiences can affect career decisions

STUDENT CAREER STAGE: Yet to enter ANY workforce

Undergraduate

W ENES

Non-coastal
sector job

Coastal sector job

Federal
Stakeholder

Academia

Non-Federal

Stakeholder

PROFESSIONAL CAREER STAGE: in A workforce

Coastal sector job

Federal
Stakeholder

Academia

Non-Federal
Stakeholder

Non-coastal
sector job

Fig. 3. Recruitment of students is an efficient way to support the coastal workforce, as students in higher education exposed to coastal topics (e.g., research, policy,
management) are the skilled and trained workforce required in the coastal sector. After graduating, a student may join a workforce, where experiences can push them
in different sector directions. Graduations represent inflection points to become a professional or continue schooling. Each degree offers the potential for additional
positive and negative opportunities that could push a student toward or away from a sector. Professionals already in the workforce can swap between a coastal and
non-coastal employer or focus although this may also be out of their control (e.g., employer mandated). Formal and non-formal skills-based credentialing programs,
such as the Coastal Zone Foundation’s Certified Coastal Practitioner® (CCP) Program can create a pathway to a coastal career for those with an interest, but no prior
experience in non-traditional disciplines. Here non-Federal stakeholders is a catch all for all U.S. non-Federal government positions, including, but not limited to local
government, non-profit organizations, corporations, etc. whereas examples of U.S. federal positions include those such as with NOAA, USGS, and USACE.

nearshore research outcomes back to stakeholder needs and priorities.
Quantifying successful employment of the Keystone Variable
Concept should be considered and defined at the onset of its use and vary
in each application (Evans & Meyer, 1985; Fig. 2). In the behavior field,
quantifiable behavioral modification is used to assess success (Barnett
et al., 1996). Quantifying additions to the coastal workforce would

parallel the behavioral approach, but this not possible given the size of
the sector and issues with many coastal stakeholders having
sector-spanning private project portfolios in the U.S. and EU (Weber &
Nevela, 2006). Programmatically, USCRP defines success (Fig. 2D) in
terms of three quantified metrics: number of (1) students supported, (2)
outcomes representing resources for the existing coastal workforce, and
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Table 2

Three main themes emerged in grounded theory analysis when students were asked to list/state factors important for choosing to pursue entering into the coastal employment sector as opposed to another employment

sector. Factors grouped in the themes were provided by at least 10 students or placed in the other category. This survey question was open-ended with no response length maximum or minimum. Numbers in parentheses

after responses denote frequency of occurrence where students provided between 1 and 6 factors. These results reflect the responses of 90 students as six failed to answer the question.

Other

Work (i.e., Perceived work) Theme

Passion Theme

Pragmatic Theme

1) Office/work culture (3)
2) Job security (4)
3) Advancement

1) Ability to conduct research (13)

1) Contribute to positive

change (25)

1) Use knowledge/skills (18)

2) Location (26)
3) Salary (23)

Factors provided as responses by students in response to open-

2) Resource availability/access (funding, mentorship,

networking, data) (11)

ended survey question

2) Sense of community (11)
3) Field of interest or passion

(30)

opportunities (6)

3) Nature of work (specific projects, interdisciplinary, or

complex) (18)

4) Job/opportunity
availability (25)

4) Work-life balance (6)

17 students

59 students 35 students

50 students

Students providing at least one factor in theme

3 students

20 students 3 students

15 students

Students providing factor/s in only this theme

Environmental Challenges 20 (2025) 101203

(3) students entering the coastal workforce. All requests for proposals to
date have emphasized supporting student research, producing tangible
outcomes, and collaborating with stakeholders. Underlying successful
Keystone Variable Concept employment and implementation is the need
for the (A) desired outcome and (D) success metrics to be both generally
attainable and attainable specifically via the (C) actions taken on the (B)
identified keystone variables (Fig. 2); if any of these four elements are
unattainable or viewed as unattainable by the working team, then suc-
cess around the desired outcome may be unlikely (Ntoumanis et al.,
2014).

2. Methods

The goal in quantifying USCRP’s impact is to understand how the
program has supported the coastal workforce and if the framework
(focusing on keystone variables) and actions around it have been suc-
cessful. Specifically, we quantify the Program’s currency for success in
the number of students supported and outcomes produced and poll
USCRP student researchers, who are national and international students
at U.S.-based academic institutions, about their decisions and opinions
surrounding career choices. Both efforts focus on the first five years of
the Program’s funding. During this time there were four requests for
proposals in 2016, 2018, 2019, and 2021 resulting in 62 funded projects.
Some of these projects are ongoing (n = 13), but the majority (n = 49)
are complete. Active contracts will finish in 2025. Project outcomes (i.e.,
publications, data, presentations, etc.) will continue to be produced after
project contracts conclude and are as of June 2024. Projects completed
earlier (2016 versus 2021) could be expected to have produced more
outcomes, but years since completion is unrelated to outcomes produced
in our sample (R? = 0.01, P = 0.52) and anecdotally appears related to
leadership or team dynamics.

2.1. Quantifying USCRP success metrics

USCRP defines success for supporting btoh the coastal community at
large and the coastal workforce in the number of students supported,
student recruitment to the coastal workforce, and outcomes produced.
Student endeavors support the development of the future coastal
workforce, whereas outcomes support the current coastal workforce
indirectly as tools (Fig. 2, box D). In 2023, USCRP began tracking project
impacts by developing a database of relevant information on project
research teams, outcomes, and the science they conducted. Data were
compiled via internal materials (e.g., proposals and progress reports)
and then validated by Principal Investigators (PIs) as both accurate and
complete; where appropriate, data were also cross-validated in Google©
Scholar, Scopus©, or LinkedIn©. From the database we use team
member data, representing funded and non-funded PIs, co-PIs, students,
collaborators, and Federal and non-Federal stakeholders. For students,
this information includes degree status, affiliation, if they graduated
from the degree that they were pursuing while engaging with USCRP,
and the first full-time position taken as a new professional categorized as
an Academic, Federal, or Stakeholder position (Supplementary Material
S2). Outcomes include those that acknowledge USCRP as supporting the
research and span different outcome classes and types (Supplementary
Material S3). All means reported + standard error.

2.2. USCRP Student Coastal Workforce Impact Survey

We developed a 13 item survey (12 multiple choice, 1 free-response)
to explore what decision factors or experiences (relative to the arrows in
Fig. 3) influence student career considerations around joining the
coastal sector. The questions explore how students feel about joining or
being in the coastal workforce and how USCRP has impacted opportu-
nities for coastal funding, research, networking, and professional
development. All questions were required except optional demographic
information. The full survey tool is available in Supplementary Material
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S4 where we designed the survey questions to limit bias and leading
questions. Prior to its distribution, we validated the survey by having
both coastal experts and a pilot subset of our intended student popula-
tion evaluate it for errors, clarity, and consistency and addressed any
issues raised in these reviews prior to distribution to the full USCRP
student population (265 students) via emails from their PIs (Aithal &
Aithal, 2020). The pool of 265 students attend or attended educational
institutions across 24 of the 30 U.S. coastal states along the U.S. Pacific,
Atlantic, Great Lake, and Gulf coasts and three inland states (Arizona,
Arkansas, and Utah) as both national or visiting international students.
Survey participation was voluntary. The survey was open March 3, 2024
to April 16, 2024, and we had a 36.0% (96 students) respondent rate,
which could introduce non-response bias. However, a total of 55 stu-
dents shared their name in the survey, making it possible to
cross-reference their responses with known employment information to
determine if they work in the coastal sector and examine their location.
These 55 students span 19 U.S. coastal states along the U.S. Pacific,
Atlantic, Great Lake, and Gulf coasts, with one student from one inland
state and this pool includes both national and international students.
Ten percent or more of respondents, were international students
attending U.S. academic institutions.

We employed grounded theory to inductively analyze the open-
ended question (Corbin & Strauss, 2008). This question asked re-
spondents to provide factors important for deciding to enter the coastal
employment sector as opposed to another employment sector. Students
could provide any answer, as we did not limit the number of factors that
could be provided or length of answer allowed. A total of 90 of 96 re-
spondents answered the question. Ten consistent decision factors
emerged across respondents where each answer was provided inde-
pendently by at least 10 individuals; these ten categories distilled into
one of three conceptual categories of (1) driven by a pragmatic response,
(2) a response speaking to a personal interest or passion, or (3) the
theoretical nature of the perceived work (Table 2).

To explore patterns in survey responses, we computed response
frequencies both to single select responses and grounded theory analyses

Physical
Sciences

Students
265

195
BS/A

MA/S

Graduated Students
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and performed Likelihood Ratio Chi-Square analyses to see if the like-
lihood of providing a response varied from chance across different stu-
dent groupings. Specifically, we grouped and compared students (1) in
two categories as those that graduated and are now young professionals
(n = 54) or those that are still students (n = 42), (2) in two categories as
those that were or are doctoral students (n = 49) versus masters or
undergraduate students (n = 45) when engaged with USCRP, and (3)
among those that optionally self-identified their gender in two groups as
male (n = 36) or female (n = 41). We included one additional uneven
grouping as responding positively (n = 73) or negatively (n = 21)
regarding the desire to enter or be in the coastal workforce (survey
response item 6 or 7, respectively, Supplementary Material S4). Addi-
tional information on the manual carrying out of the grounded theory
analysis and accompanying open-ended responses can be found in
Supplementary Material S5.

3. Results
3.1. Coastal workforce development: Direct successes

3.1.1. Students trained in coastal sciences

In its first five years (2016-2021), USCRP provided research oppor-
tunities to 265 students. Each project involved 1 to 14 graduate or un-
dergraduate student researchers (x = 4 + 0.5) enrolled in academic
disciplines supporting the coastal workforce (Fig. 4). Students were
among project teams of stakeholders (97 non-Federal stakeholder affil-
iations represented) and Federal (14 U.S. Federal agencies represented)
and academic researchers (spanning 75 academic institutions and 29 U.
S. states) representing potential future coastal employers. Most non-
Federal stakeholders were state agencies (19.5%), coastal NGOs
(17.5%), or local governing agencies (34%).

3.1.2. Students entering the coastal workforce
The majority of USCRP students join or have a desire to join the
coastal workforce post-graduation. Of the 195 USCRP supported

Active
0 Students
96
New Degree
26
Academia
24
Federal 16
38 32| New
Coastal
Professionals
398 103
- 16
Stakeholder =
83

Unknown
24

Fig. 4. Most past USCRP student researchers (51.4%-60.9%) have graduated, between 2017 and 2023, to become new coastal sector professionals. Of USCRP’s 195
graduated students, at least 87 work in the coastal sector, this is 51.4% of graduated students that did not go on to get an additional degree. Note the split in the
stakeholder flow (purple), as conservatively, an additional 16 students likely do coastal work, but for stakeholder companies that are not coastal-specific (e.g.,
general engineering, consulting, environmental firms). Including these 16 students in the count, up to 60.9% of 195 graduated past-USCRP students have joined the
coastal sector as new professionals. Students span degrees (blue pie chart) and training from disciplines traditionally and not traditionally serving the coastal sector
(green pie chart, other discipline category encompasses Policy, Planning, and Social Sciences or Environmental Studies and Conservation). After graduating, most
students transitioned into a stakeholder (42.6%) employment position (i.e., local government, corporate, local business, state agency, or Non-Governmental Or-
ganization (NGO)), of which 19.5% took positions with a U.S. Federal agency, 12.3% remained in an academic setting, and 13.8% have pursued new advanced
degrees. The remaining 11.8% are yet to accept a position after graduation or are unknown.
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Fig. 5. Students and graduated young professionals show a strong desire to enter the coastal workforce. In total, 92.8% (39 of 42) of students intend to remain

involved in or work in the coastal sector after graduating.
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Fig. 6. In its first five years of funding, USCRP projects have produced 568 outcomes that indirectly support the coastal workforce. USCRP defines outcomes as
tangible products that can be found and utilized (i.e., searchable, maintaining a digital footprint or online presence) across four groupings. 47.0% of these outcomes

were student researcher-led such as publication lead author or presenter.

students that have graduated, at least 51.4% and up to 61.0% of those
that are now new coastal sector professionals (Fig. 4). Most graduated
students currently or previously worked in the coastal sector, and most
current students hope to enter the coastal workforce upon graduation
(Fig. 5). Of graduated respondents (n = 54), 32 provided their name; of
those 32, 26 stated currently or previously working in the coastal sector,

having graduated between 2017 and 2023. We confirmed that all 26 of
those students are still in the coastal sector, specifically working for a
non-Federal stakeholder (n = 14), Federal stakeholder (n = 4) or are
pursuing academia studying coastal topics (n = 8). A total of 80.0% of
graduated and 54.0% of not graduated respondents stated their expe-
rience working on a USCRP-funded research team positively affected
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their outlook on pursuing a coastal sector job.

3.2. Indirect coastal workforce support: outcomes produced

The 62 projects produced 568 outcomes as of June 2024 (Fig. 6),
47.0% of which involved students as lead researchers (i.e., first authors).
Maximum outcomes for a project is 34 (x = 9.2 + 0.9). These outcomes
encompass academic advancements (73.7%), tool advancements
(9.9%), information and data (7.4%), and public outreach materials
(9.0%; Fig. 6). Details on outcomes are in Supplementary Material S2.
Outcomes indirectly support the coastal workforce and community, but
it is important to note that many were produced in collaboration with
both non-Federal and Federal stakeholders for specific management
goals to directly aid a coastal community. For example, many of the
USCRP-sponsored modeling efforts are improvements to components of
the Coastal Storm Modeling System (CSTORM-MS) developed by
USACE, which provides publicly accessible historical and potential
future calculated coastal hazard data for use by academia, industry,
agency, stakeholders, and the public..

3.3. Creating and promoting positive coastal science experiences

3.3.1. Supporting first time student experiences

USCRP-funded research offers avenues for foundational coastal
research. Prior to engaging in USCRP-funded research, 43 students
(44.8% of survey respondents) had not previously performed coastal
research. Relative to what would be expected by chance, undergraduate
respondents were more likely to have had their first research experience
associated with USCRP, whereas doctoral students were less likely to
have had their first coastal research experience with USCRP (y2 =13.07,
DF= 2, P < 0.01).

USCRP-funded research creates opportunities for community and
stakeholder engagement. A total of 33 (34.4%) survey respondents had
not previously had any experience in coastal education, advocacy,
management, or engagement, prior to their USCRP experience. Relative
to what would be expected by chance, undergraduates were less likely to
have engaged in these activities, whereas both masters and doctoral
students had more experience in this arena (2 = 6.15, DF= 2, P < 0.05).

3.3.2. Expanding coastal research opportunities
In regards to coastal research funding, 25% of respondents identified
USCRP as their only option, 49% identified alternative sources, and 26%

Passion

Work I

Solo

Pragmatic
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responded that they did not know what funding was available to them.
Degree level impacted responses as, relative to chance, doctoral students
were more aware of alternative funding, whereas masters students said
USCRP was the only option available to them, and undergraduates were
less aware of opportunities (y2 = 10.84, DF= 2, P < 0.03).

The majority of student respondents, 74.0% (71 of 96) agree (46
students) or somewhat agree (25 students) with the statement “I would
not have pursued or considered pursuing a career in the coastal sector
without exposure to coastal topics in an academic setting.” Remaining
students neither agreed or disagreed with the statement (14), somewhat
disagreed (6), or disagreed (5).

Students expressed that USCRP positively impacted their outlook to
enter the coastal workforce. Specifically, 84.4% of respondents (81 of
96) agree (60 students) or somewhat agree (21 students) with the
statement “My experience working on a USCRP funded research team
positively affected my decision to pursue or want to pursue a career in
the coastal sector.” The remaining 16 students neither agreed or dis-
agreed with this statement, except one “somewhat disagree.”

3.3.3. Decision factors to enter the coastal sector versus another field

Student’s open-ended answers about factors important to them when
considering entering the coastal employment sector distilled into three
themes in grounded theory analysis: (1) pragmatic, (2) passion, and (3)
work (Table 2). Respondents provided 14 unique decision factors, where
10 fall into the three themes and were independently provided by >10
respondents (Table 2). The four responses not shared by the collective
group are in an ‘Other’ category.

Providing a response in any one of the three categories appears
individual-based, not explained by groupings. Graduated and not
graduated students did not differ in their likelihood of providing a
pragmatic (y2 = 1.12, DF=1, P = 0.29), passion (y2 = 0.12, DF=1, P =
0.73), or work response (y2 = 0.56, DF= 1, P = 0.46). Responding
positively versus negatively regarding the desire to join the coastal
workforce and degree being obtained (doctoral versus masters or un-
dergraduate) did not explain the likelihood of providing responses in the
themes.

Gender explained some patterns in theme responses. Specifically,
females provided a response in the work theme more than expected by
chance (y2 = 5.38, DF= 1, P = 0.02) and independently provided more
answers (i.e., factors) responding to this question than males (x 7= 2.71
+ 0.20, X p = 2.03 £ 0.22; Student’s t-test, ty4 = -2.30, P = 0.02).
Gender did not explain the likelihood of providing a pragmatic or

I Passion & Work

I Passion & Pragmatic

I Pragmatic & Work

I All

Fig. 7. Passion is the strongest draw to the coastal sector as the most prominent theme independently provided when students were surveyed about what factors
were most important to them when considering entering the employment sector. Flows represent proportions.
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passion response.

Passion is the strongest theme influencing students to join the coastal
field. Students provided decision factors in the passion theme most and
more than would be expected by chance whereas they provided decision
factors in the work theme less than expected (y2 = 12.97, DF= 2, P =
0.001; Fig. 7). Students provided between 0-3 factors per theme. When a
student provided an answer in the passion theme, they provided two or
more factors more than expected whereas more students than would be
expected by chance did not provide at least one work theme factor (y2 =
23.10, DF= 4, P < 0.0001). A passion-based response was the most
common when only a single theme was provided alone or in combina-
tion, followed by pragmatic (Table 2 & Fig. 7). Only eight students
provided an answer touching on each of the three themes. There are no
discernable patterns (gender, degree, desire to enter coastal workforce)
when examining who provided the top two factors in the passion theme
(Table 2 - positive change or field of passion).

4. Discussion

4.1. Recruiting and retaining students desiring to enter the coastal
workforce

USCRP has had direct success in new coastal workforce stimulation
and these new professionals must be retained in the sector. In just five
years, USCRP supported over 250 students, 195 have graduated and
began their professional careers, or began new degree ventures, where
the desire to enter the coastal workforce matches the action to do so
(Fig. 5), as 51% or more of USCRP young professionals have entered the
coastal workforce (Fig. 4). This 51+% (87+ new professionals) is a
significant addition to the trained U.S. coastal workforce as in 2018
USACE reported having 201 coastal staff in the entire agency (Elko et al.,
2018). The 195 students all graduated 2017-2023, so these data support
short-term (i.e., <10 year) retention of up to eight years for students
entering the U.S. coastal sector; in the future, these data can be used to
examine long-term retention relative to the course of career trajectories.
How can the U.S. retain these students who are likely to have more
careers in their lifetime than previous generations (Carless & Arnup,
2011)? We know that today the concept “one life—one career” is largely
irrelevant and this is especially true among turnover-prone millennial
employees (Arthur & Rousseau, 1996; Twenge, 2010; Wiggins, 2016).
Should retention be aimed at the sector-level as opposed to position or
organization and how can we encourage retention? We suggest that the
three themes gleaned can be tools used to work to retain students in the
coastal sector in the U.S. and beyond.

Knowing personal passion motivates coastal students can be used to
attract and retain qualified candidates. An EU survey of younger stu-
dents suggested that personal interest or passion impacted general in-
terest in science; the findings of this body of work support this and
extend it (Ainley & Ainley, 2011; Fig. 7). Satisfaction can increase
employee retention, and retention is a hallmark of increased job satis-
faction and work performance (Garcia, 2015; Hassan et al., 2021).
Professional satisfaction affects life satisfaction in which the extent one
pursues their passions has been linked to both higher job and life
satisfaction (O’Keefe et al., 2021). Satisfaction, passion and retention
are linked (Garcia, 2015; Hassan et al., 2021; O’Keefe et al., 2021) and
this may be especially true in younger generations (i.e., the future
workforce) whose life and work values differ from older generations
(Twenge, 2010; Hassan et al., 2021).

We argue students must be aware that positions and opportunities
matching their passions exist, and are available, and attainable (a
prominent factor in the pragmatic theme). Early discipline-specific
courses have been shown to increase student degree track retention.
With this in mind, specialized coastal-specific courses or degree tracks
can both spark and stoke this passion (Black et al., 2015). The stated
need for specialized coastal education has been expressed in both the U.
S. (see Table 1) and EU countries; in these countries, and in Australia,
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specialized degree tracks in coastal-specific disciplines exist in higher
education at the university level, but are also relatively limited or
restricted to a small proportion of schools, which can make them diffi-
cult to find (Weber & Nevela, 2006). To stave this issue, in the U.S. and
for U.S. academic institutions, ASBPA has created a Coastal Universities
Guide with the goal of making prospective students aware of U.S. in-
stitutions offering these specialized programs (ASBPA, 2025). There is a
program in the EU, the European University of the Seas (SEA-EU) pro-
gram, with the goal of promoting coastal education through joint degree
attainment in coastal fields at European universities (SEA-EU, 2025).
The underlying passion of potential employees should be considered
around generational differences in attention spans, information retrieval
strategies, and influence when choosing where and how to advertise
coastal jobs and opportunities (Twenge, 2010). Programs and organi-
zations like ASBPA and SEA-EU broaden student opportunities by
making them visible and in doing so create and support a network from
which coastal employers might be more successful in targeting talent
from.

Passion can outweigh the importance of salary (O’Keefe et al., 2021),
but pragmatic factors are a consideration around joining the coastal
sector. The pragmatic theme was the second most prominent with
location and salary as predominent motivating factors. A desire to be
well-compensated generally positively increases motivation, satisfac-
tion, and retention and can be inextricably linked to location (Kathawala
etal., 1990; Hassan et al., 2021). Location as a factor was often provided
with salary relative to a perceived higher cost or living at or near the
coast with some interest or stated need for remote options (Table 2).
While remote work is not a novel concept (Olson, 1983), its recent
traction as a viable business strategy is new (Ferreira et al., 2021; Ozi-
mek, 2020). Adoption of more flexible remote options where appro-
priate may benefit all parties — remote work can reduce operational costs
where it is a premium such as at the coast, offer employees more flexi-
bility which can translate to higher productivity (Golden et al., 2013),
and reduce cost of living on a case-by-case basis that can be reflected in
salary (Ozimek, 2021). Attractive salary and remote options together
could prompt career shifts (Carless & Arnup, 2011; Golden et al., 2013)
to the coastal sector (relative to Fig. 3) and catch students with inherent
passion for coastal work that are ‘slipping through the cracks.” Students
need to be aware that coastal jobs and opportunities exist, are available,
and are attainable, but also that they are pragmatically viable around
salary and location.

4.2. The growing demand for a skilled coastal workforce

Social-ecological issues surrounding increasing coastal development,
increasing coastal populations, and growing need for solutions to the
observed and anticipated effects of changing environmental conditions,
will continue to be debated across nations (McGranahan et al., 2007;
Magnan et al., 2019; IPCC, 2022). Research on the implementation and
viability of managed retreat has seen a marked increase in the last five
years (O’Donnell, 2022). No single management solution will be best for
all coastal communities and public opinions will vary locally, regionally,
and nationally (Potts et al., 2016). Regardless of these sources of societal
friction and lack of general consensus around them, coastal areas will
continue to be disproportionately chronically and episodically impacted
by climate change (IPCC, 2021 & 2022; Cooley et al., 2022). Issues
around climate change and ICZM have been discussed for decades
(Ahlhorn, 2018), and while our tools to reduce coastal vulnerability
have improved, they require a skilled coastal workforce to continue to
develop and employ towards innovative solutions to complex coastal
issues (Dyckman et al., 2014; Masselink & Lazarus, 2020; Ward et al.,
2020).

U.S. students show a desire to graduate and join the coastal work-
force, but amid an overall reduction in university matriculation rates
and faculty recruitment. After peaking around 2025, the U.S. population
of college-age citizens is expected to contract by nearly 15% over the
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next 5-10 years (Bauman, 2024). This shrinking population of
high-school graduates, combined with declining interest in pursuing
college degrees (i.e., 6% reduction 2010-2021), equates to fewer U.S.
students pursuing degrees in areas often serving the coastal workforce
(NRC, 1999); compounding this issue, fewer PhD graduates are pursuing
academic careers in engineering and geosciences even though awarded
doctorates increased by 74% from 2002 to 2022 (NCSES, 2023). The
proportion of U.S.-based PhD graduates with jobs in industry doubled
since 2002, with the largest increases seen in geosciences, ocean sci-
ences, and biological sciences. Fewer college graduates and declining
faculty will naturally lead to reduced training opportunities after high
school. This is a major concern considering undergraduates are more
likely to have their first research or stakeholder experience with a tar-
getted coastal-specific program like USCRP and also least likely to un-
derstand avenues for opportunities. It is important to note that these
concerning declines are not exclusive to the US, in the EU, especially
Western Europe, and Australia, there has been a documented reduction
in general student interest in science (Lyons, 2007; Ainley & Ainley,
2011).

Students in disciplines that have not traditionally served the coastal
workforce (e.g., computer science, social science) can be recruited if
they develop an interest and have support to explore it. Academics can
tend to work with students whose backgrounds and interests align with
theirs (Roebken, 2010). However, many academics also consciously or
subconsciously engage in Learner-Centered Research Mentoring (LCRM)
where the student’s independent passion and motivation drive the focus,
mediated and nurtured by the mentor providing transferable skills
within the framework of their expertise (Phillips, 2018b). Formal and
informal LCRM training opportunities in academic departments and
universities can encourage mentors to flex their skills beyond their own
interests to the benefit of many employment sectors (Kiltz et al., 2004).
Among other needs, a driving student passion and work ethic are needed
for successful LCRM (Roebken, 2010). To develop this passion in coastal,
teaching coastal socioecological topics in early development and
adolescence (ages 7-18), when students are more likely to develop an
interest that might grow into a passion, could increase demand for
coastal education opportunities in higher education, ultimately trickling
into the employment sector (Jacobs, et al., 2002; Dotterer et al., 2009;
Black et al., 2015).

4.3. The Keystone Variable Concept to tackle complex system problems

USCRP is a unique and strong example of a successful application of
the Keystone Variable Concept to support a growing trained student
workforce pool with paths into the coastal sector by engaging both
students and stakeholders (i.e., potential employers). To do this, USCRP
ingested the needs and concerns expressed by the U.S. nearshore com-
munity (NPC, 2014) when choosing to focus on coastal workforce
development as a main organizational initiative and desired outcome,
and then choose to focus on stakeholders and students as their keystone
variables. Their actions on these variables reflect the guiding motiva-
tion, goals, and objectives of the organization (USCRP, 2024) and their
success metrics are both measurable and attainable for reporting and
defining success. The Keystone Variable Concept can be used to tackle
coastal workforce development and other complex problems because it
does not offer a solution, rather it offers a working framework on which
to build.

4.4. Conclusion: A new call to action for developing the coastal workforce

In the last 25 years, there have been formal calls by various and
diverse U.S. stakeholders to bolster the coastal workforce (Table 1) and
similar sentiments have been expressed in regulatory documents and
publications from Europe and Australia — have we as a society
adequately responded to those calls? While it was outside the scope of
this paper to quantitatively answer this question, we feel it is reasonable
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to say no, given that U.S. Congress recently provided funding to address
this issue in 2023, multiple large EU bodies have called for the need to
invest in the coastal workforce, and recent Australia-based publications
state the need in coastal not meeting the current and future demand
(MITECO, 2020; CPMR, 2020; van Putten et al., 2020; NOAA, 2023;
Elrick-Barr et al., 2025). In addition, 10 of 21 coastal USACE Districts
have concerns for meeting future needs with their current and forecasted
future workforce (BCER, 2024). In just 10 years, USCRP has increased
the pool of qualified U.S. candidates (i.e., trained students) for skilled
coastal jobs and supported the production and availability of coastal
management tools for the existing coastal workforce and community at
large. The Keystone Variable Concept offered the framework for USCRP
to do this, and can be applied to other complex problems and in other
countries to make solutions more attainable. Student survey results
highlight the importance of both coastal-specific funding and academic
training to support the future coastal workforce, where recruitment and
retention of skilled individuals must consider both pragmatic consider-
ations and passion. While the student survey responses here were pre-
dominantly of a U.S. perspective, international students were also part
of the polling body, but repeating the open ended aspects of the survey
tool in different countries and with different student groups would be
helpful for ensuring these themes hold value beyond the U.S. The future
challenges surrounding the global coastal zone will grow relative to
climate change and sea level rise. We must take direct action to globally
develop the coastal workforce now, and the Keystone Variable Concept
can offer an effective and viable framework to approach and work to
solve this and other complex problems.

CRediT authorship contribution statement

B.R. Charbonneau: Writing — review & editing, Writing — original
draft, Visualization, Validation, Project administration, Methodology,
Investigation, Formal analysis, Data curation, Conceptualization. M.A.
Cialone: Writing — review & editing, Supervision, Project administra-
tion, Funding acquisition, Conceptualization. B.M. Webb: Writing —
review & editing, Writing — original draft, Visualization, Investigation,
Conceptualization. A. Mercer: Writing — review & editing, Visualiza-
tion, Investigation, Conceptualization. J.D. Rosati: Writing — review &
editing, Supervision, Resources, Funding acquisition, Conceptualiza-
tion. N. Elko: Writing — review & editing, Supervision, Resources,
Funding acquisition, Conceptualization. J.A. Straub: Writing — review
& editing, Supervision, Project administration, Funding acquisition,
Conceptualization.

Declaration of competing interest

The authors declare that they have no known competing financial
interests or personal relationships that could have appeared to influence
the work reported in this paper.

Acknowledgements

We thank all the USCRP students who took our survey and all PIs and
research team members that contributed to the USCRP database. This
research was supported in part by an appointment to the Department of
Defense (DOD) Research Participation Program administered by the Oak
Ridge Institute for Science and Education (ORISE) through an inter-
agency agreement between the U.S. Department of Energy (DOE) and
the DOD. ORISE is managed by ORAU under DOE contract number DE-
SC0014664. All opinions expressed in this paper are the author’s and do
not necessarily reflect the policies and views of DOD, DOE, or ORAU/
ORISE.We thank Jenna A. Brown of U.S. Geological Survey (USGS) for
valuable manuscript edits and contributions to USCRP.



B.R. Charbonneau et al.
Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.envc.2025.101203.

Data availability
Data will be made available on request.

References

Ahlhorn, F., 2018. Integrated Coastal Zone Management: Status, Challenges and
Prospects. Springer Vieweg, Varel, Germany.

Ainley, M., Ainley, J., 2011. A Cultural Perspective on the Structure of Student Interest
in. Science. International Journal of Science Education 33 (1), 51-71.

Aithal, A., Aithal, P.S., 2020. Development and Validation of Survey Questionnaire &
Experimental Data — A Systematical Review-based Statistical Approach.
International Journal of Management 5 (2), 233-251. Technology, and Social
Sciences.

Arthur, M.B., Rousseau, D.M., 1996. The Boundaryless Career: A New Employment
Principle for a New Organizational Era. Oxford University Press, Oxford.

ASBPA, 2012. The state of U.S. coastal engineering & science. Policy Statement White
Paper. Accessed April 19, 2024 <. https://asbpa.org/wp-content/uploads
/2016/04/CoastalEngineering_ White_Paper_FINAL.pdf. >.

ASBPA, 2025. Coastal Universities Guide. ArcGIS web application. <. https://aptim.map
s.arcgis.com/apps/webappviewer/index.html?id=c4b30c96eafd4a0aa2c4cfc4
069d377¢. >Accessed 14 May 2025.

Barnett, D.W., Bauer, A.M., Ehrhardt, K.E., Lentz, F.E., Stollar, S.A., 1996. Keystone
targets for change: Planning for widespread positive consequences. School of
Psychology Quarterly 11 (2), 95-117.

Bauman, D., 2024. Colleges Were Already Bracing for an ‘Enrollment Cliff.” Now There
Might Be a Second One. The Chronicle of Higher Education. February 7, 2024. https
://www.chronicle.com/article/colleges-were-already-bracing-for-an-enrollment-cli
ff-now-there-might-be-a-second-one.

BCER. 2024. Memorandum for The Chief of Engineers: Outcomes from the Executive
Meeting of the Board on Coastal Engineering Research, 19- 20 March 2024, Norfolk,
VA. <https://www.erdc.usace.army.mil/Portals/55/2024 Mar_BCER_Executive
_Meeting Memo_19_20_Mar_2024.pdf>(Accessed June 15, 2024).

Black, A., Terry, N., Buhler, T., 2015. The impact of specialized courses on student
retention as part of the freshman experience. Academy of Educational Leadership 20
(2), 6-13.

Caplan, Z., 2023. U.S. Older Population Grew From 2010 to 2020 at Fastest Rate Since
1880 to 1890. US Census Bureau. May 25, 2023. https://www.census.gov/library/st
ories/2023/05/2020-census-united-states-older-population-grew.html.

Carless, S.A., Arnup, J.L., 2011. A longitudinal study of the determinants and outcomes
of career change. Journal of Vocational Behavior 78, 80-91.

Cooley, S., et al., 2022. Oceans and oastal Ecosystems and Their Services. In: Portner, H.-
0., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K., Alegria, A.,

Craig, M., Langsdorf, S., Loschke, S., Moller, V., Okem, A., Rama, B. (Eds.), Climate
Change 2022: Impacts, Adaptation and Vulnerability. Contribution of Working
Group II to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change. Cambridge University Press, Cambridge, UK and New York, NY, USA,

pp. 379-550. https://doi.org/10.1017/9781009325844.005.

Corbin, J., Strauss, A., 2008. Basics of qualitative research: Techniques and procedures
for developing grounded theory, 3rd ed. Sage Publications, Inc.

CPMR North Sea Commission, 2020. North Sea Region 2030 Strategy. In: Conference of
Peripheral Maritime Regions, Sweden, report, p. 2020. https://cpmr-northsea.or
g/download/north-sea-region-strategy-2030/?wpdmdl=3029&ind=160457492
8659. last access: 14 May 2025.

Data USA, 2024. Data USA. <. https://datausa.io/. >Accessed July 8, 2024.

Dotterer, A.M., McHale, S.M., Crouter, C., 2009. The Development and Correlates of
Academic Interests From Childhood Through Adolescence. Journal of Educational
Psychology 101 (2), 509-519.

Dreyfus, H. & Dreyfus, S. 1980. A five-stage model of mental activities involved in
directed skill acquisition. (Supported by the U.S. Air Force, Office of Scientific
research (AFSC) under contract F49620-C-0063 with the University of California)
Berkeley.

Dyckman, C.S., John, C.S., London, J.B., 2014. Realizing managed retreat and innovation
in state-level coastal management planning. Ocean & Coastal Management 102,
212-223.

Elko, N., Marsooli, R., Renaud, A., Briggs, T., 2018. Training the next generation of US
coastal scientists. ASBPA Science & Technology Committee. Shore & Beach 86 (4),
60-64.

Elrick-Barr, C.E., Smith, T.F., Thomsen, D.C., 2025. Practitioner perspectives of
wellbeing in rapidly changing Australian coastal communities. Ocean & Coastal
Management 266, 107668.

Enquist, C.A., et al., 2017. Foundations of translational ecology. Front. Ecol. Environ. 15
(10), 541-550.

Evans, LE., Meyer, L., 1985. An educative approach to behavior problems: A practical
decision model for interventions with severely handicapped learners. Brookes,
Baltimore.

12

Environmental Challenges 20 (2025) 101203

Eurostat. 2024. Educational attainment statistics. < https://ec.europa.eu/eurostat/stat
istics-explained/index.php?title=Educational attainment statistics#Development_
of educational_attainment_levels over_the last_ten_years>Accesed 14 May, 2025.

Ferreira, R., Pereira, R., Bianchi, L.S., da Silva, M.M., 2021. Decision factors for remote
work adoption: advantages, disadvantages, driving forces and challenges. Journal of
Open Innovation: Technology, Market, and Complexity 7 (1), 70.

Flood, F., 2020. Silver tsunami of retirement: Implications for consideration. Global
Encyclopedia of Public Administration, Public Policy, and Governance. Springer,
Cham. https://doi.org/10.1007/978-3-319-31816-5_3995-1.

Garcia, P.R.B., 2015. Factors affecting job retention: Basis for retention management
model. International Journal of Education and Research 3 (4), 381-392.

Green, R.J., 2009. Coastal Towns in Transition. Springer, Netherlands.

Grimm, V., et al., 2005. Pattern-oriented modeling of agent-based complex systems:
Lessons from ecology. Science 310 (5750), 987-991.

Golden, L., Henly, J., Lambert, S., 2013. Work schedule flexibility: A contributor to
employee happiness? Journal of Social Research and Policy 4 (3), 107-135.

Hagermann, V., Kluge, A., 2017. Complex problem solving in teams: The impact of
collective orientation on team process demands. Frontiers in Psychology 8, 1730.

Hassan, M.M., Jambulingam, M., Narayan, E.A., Islam, S.N., Zaman, A.U., 2021.
Retention approaches of millennial at private sector: Mediating role of job
embeddedness. Global Business Review 1-27.

Henderson, L., Maniam, B., Leavell, H., 2017. The silver tsunami: Evaluating the impact
of population aging in the U.S. Journal of Business & Accounting 10 (1), 153.

IPCC, 2021. Summary for Policymakers. In: Masson-Delmotte, V., Zhai, P., Pirani, A.,
Connors, S.L., Péan, C., Berger, S., Caud, N., Chen, Y., Goldfarb, L., Gomis, M.I.,
Huang, M., Leitzell, K., Lonnoy, E., Matthews, J.B.R., Maycock, T.K., Waterfield, T.,
Yelekgi, O., Yu, R., Zhou, B. (Eds.), Climate Change 2021: The Physical Science Basis.
Contribution of Working Group I to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press,
Cambridge, United Kingdom and New York, NY, USA, pp. 3-32. https://doi.org/
10.1017/9781009157896.001.

IPCC, 2022. Climate Change 2022: Impacts, Adaptation and Vulnerability. In:

Portner, H.-O., Roberts, D.C., Tignor, M., Poloczanska, E.S., Mintenbeck, K.,
Alegria, A., Craig, M., Langsdorf, S., Loschke, S., Moller, V., Okem, A., Rama, B.
(Eds.), Contribution of Working Group II to the Sixth Assessment Report of the
Intergovernmental Panel on Climate Change. Cambridge University Press.
Cambridge University Press, Cambridge, UK and New York, NY, USA, p. 3056.
https://doi.org/10.1017/9781009325844.

Jacobs, R.L., Hawley, J.D., 2009. The emergence of ‘workforce development’: Definition,
Conceptual Boundaries and Implications. In: Maclean, R., Wilson, D. (Eds.),
International Handbook of Education for the Changing World of Work. Springer,
Dordrecht.

Jacobs, J., Lanza, S., Osgood, W., Eccles, J., Wigfield, A., 2002. Changes in children’s
self-competence and values: Gender and domain differences across grades one
through twelve. Child Development 73, 509-527.

Kathawala, Y., Moore, K.J., Elmuti, D., 1990. Preference between salary or job Security
increase. International Journal of Manpower 11 (7), 25-31.

Kiltz, G., Danzig, A., Szecsy, E., 2004. Learner-centered leadership: a mentoring model
for the professional development of school administrators. Mentoring & Tutoring:
Partnership in Learning 12 (2), 135-153.

Kluge, A., 2014. The Acquisition of Knowledge and Skills for Taskwork and Teamwork to
Control Complex Technical Systems: A Cognitive and Macroergonomics Perspective.
Springer, Dordrecht.

Lazarus, E.D., 2017. Toward a global classification of coastal anthromes. Land 6, 13.

Loehle, C., 1990. A guide to increased creativity in research - inspiration or perspiration?
Bioscience 40 (2), 123-129.

Lyons, T., 2007. Different Countries, Same Science Classes: Students’ experiences of
school science in their own words. International Journal of Science Education 28 (6),
591-613.

Magnan, A.K., et al., 2019. Cross-Chapter Box 9: Integrative Cross-Chapter Box on Low-
Lyinglslands and Coasts. In: Portner, H.-O., Roberts, D.C., Masson-Delmotte, V.,
Zhai, P., Tignor, M., Poloczanska, E., Mintenbeck, K., Alegria, A., Nicolai, M.,
Okem, A., Petzold, J., Rama, B., Weyer, N.M. (Eds.), IPCC Special Report on the
Ocean and Cryosphere in a Changing Climate.

Masselink, G., Lazarus, E.D., 2020. Defining coastal resilience. Water 12 (5), 1368.

McGranahan, G., Balk, D., Anderson, B., 2007. The rising tide: assessing the risks of
climate change and human settlements in low elevation coastal zones. Environment
& Urbanization 19 (1), 17-37.

Milne, S., Ateljevic, 1., 2001. Tourism, economic development and the global-local
nexus: theory embracing complexity. Tourism Geographies 3 (4), 369-393.

MITECO, 2020. The Spanish Ministry for the Ecological Transition and the Demographic
Challenge. National Climate Change Adaptation Plan 2021-2030, 246-pp.

Montes, J., Smith, C., Dajon, J., 2022. The Great Retirement Boom™: The Pandemic-Era
Surge in Retirements and Implications for Future Labor Force Participation. Finance
and Economics Discussion Series 2022-081. Washington: Board of Governors of the
Federal Reserve System. https://doi.org/10.17016/FEDS.2022.081.

National Center for Science and Engineering Statistics (NCSES), 2023. Doctorate
Recipients from U.S. Universities: 2022. NSF 24-300. Alexandria, VA: National
Science Foundation. Available at https://ncses.nsf.gov/pubs/nsf24300.

National Research Council (NRC), 1999. In: Meeting Research and Education Needs in
Coastal Engineering. The National Academies Press, Washington, DC.

Edited by Nearshore Processes Community (NPC), 2014. The Future of Nearshore
Processes Research.” The Nearshore Report. In: Elko, Nicole, Feddersen, Falk,
Foster, Diane, Hapke, Cheryl, McNinch, Jesse, Mulligan, Ryan, Tuba Ozkan-
Haller, H. (Eds.), Nathaniel Plant, and Britt Raubenheimer. US Geological Survey.
The future of nearshore processes research (usgs.gov.


https://doi.org/10.1016/j.envc.2025.101203
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0001
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0001
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0002
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0002
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0003
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0003
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0003
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0003
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0004
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0004
https://asbpa.org/wp-content/uploads/2016/04/CoastalEngineering_White_Paper_FINAL.pdf
https://asbpa.org/wp-content/uploads/2016/04/CoastalEngineering_White_Paper_FINAL.pdf
https://aptim.maps.arcgis.com/apps/webappviewer/index.html?id=c4b30c96eafd4a0aa2c4cfc4069d377c
https://aptim.maps.arcgis.com/apps/webappviewer/index.html?id=c4b30c96eafd4a0aa2c4cfc4069d377c
https://aptim.maps.arcgis.com/apps/webappviewer/index.html?id=c4b30c96eafd4a0aa2c4cfc4069d377c
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0007
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0007
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0007
https://www.chronicle.com/article/colleges-were-already-bracing-for-an-enrollment-cliff-now-there-might-be-a-second-one
https://www.chronicle.com/article/colleges-were-already-bracing-for-an-enrollment-cliff-now-there-might-be-a-second-one
https://www.chronicle.com/article/colleges-were-already-bracing-for-an-enrollment-cliff-now-there-might-be-a-second-one
https://www.erdc.usace.army.mil/Portals/55/2024_Mar_BCER_Executive_Meeting_Memo_19_20_Mar_2024.pdf
https://www.erdc.usace.army.mil/Portals/55/2024_Mar_BCER_Executive_Meeting_Memo_19_20_Mar_2024.pdf
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0010
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0010
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0010
https://www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
https://www.census.gov/library/stories/2023/05/2020-census-united-states-older-population-grew.html
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0012
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0012
https://doi.org/10.1017/9781009325844.005
http://refhub.elsevier.com/S2667-0100(25)00122-2/optIPQlbj2cMM
http://refhub.elsevier.com/S2667-0100(25)00122-2/optIPQlbj2cMM
https://cpmr-northsea.org/download/north-sea-region-strategy-2030/?wpdmdl=3029&tnqh_x0026;ind=1604574928659
https://cpmr-northsea.org/download/north-sea-region-strategy-2030/?wpdmdl=3029&tnqh_x0026;ind=1604574928659
https://cpmr-northsea.org/download/north-sea-region-strategy-2030/?wpdmdl=3029&tnqh_x0026;ind=1604574928659
https://datausa.io/
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0016
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0016
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0016
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0018
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0018
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0018
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0019
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0019
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0019
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0020
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0020
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0020
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0021
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0021
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0022
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0022
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0022
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Educational_attainment_statistics#Development_of_educational_attainment_levels_over_the_last_ten_years
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Educational_attainment_statistics#Development_of_educational_attainment_levels_over_the_last_ten_years
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Educational_attainment_statistics#Development_of_educational_attainment_levels_over_the_last_ten_years
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0024
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0024
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0024
https://doi.org/10.1007/978-3-319-31816-5_3995-1
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0026
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0026
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0027
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0029
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0029
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0030
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0030
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0031
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0031
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0032
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0032
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0032
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0033
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0033
https://doi.org/10.1017/9781009157896.001
https://doi.org/10.1017/9781009157896.001
https://doi.org/10.1017/9781009325844
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0036
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0036
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0036
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0036
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0037
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0037
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0037
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0038
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0038
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0039
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0039
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0039
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0040
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0040
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0040
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0041
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0042
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0042
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0043
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0043
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0043
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0044
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0044
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0044
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0044
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0044
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0045
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0046
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0046
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0046
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0047
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0047
http://refhub.elsevier.com/S2667-0100(25)00122-2/optGSuk5HIZTe
http://refhub.elsevier.com/S2667-0100(25)00122-2/optGSuk5HIZTe
https://doi.org/10.17016/FEDS.2022.081
https://ncses.nsf.gov/pubs/nsf24300
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0050
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0050
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0051
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0051
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0051
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0051
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0051

B.R. Charbonneau et al.

Ney, A., 2021. Reductionism. The Internet Encyclopedia of Philosophy. https://iep.utm.
edu/red-ism/. Accessed June 25, 2023.

NOAA. 2023. 2023 Inflation Reduction Act Climate Ready Workforce for Coastal States,
Tribes, and Territories Competition. Funding Opportunity Number: NOAA-OAR-SG-
2024-2007783. (Accessed April 19, 2024). https://seagrant.noaa.gov/wp-content/
uploads/2023/08/Climate-Ready-Workforce-NOFO.pdf.

Ntoumanis, N., Healy, L.C., Sedikides, C., Smith, A.L., Duda, J.L., 2014. Self-regulatory
responses to unattainable Goals: The role of goal motives. Self &. Identity 13 (5),
594-612.

O’Donnell, T., 2022. Managed retreat and planned retreat: a systematic literature review.
Philosophical Transactions of the Royal Society B 377 (1854), 202101292.

O’Keefe, P.A., Horberg, E.J., Chen, P., Savani, K., 2021. Should you pursue your passion
as a career? Cultural differences in the emphasis on passion in career decisions.
Journal of Organizational Behavior 43 (9), 1475-1495.

Olson, M.H., 1983. Remote office work: changing work patterns in space and time.
Communications of the ACM 26 (3), 182-187.

Ozimek, A. When Work Goes Remote (July 23, 2020). Available at SSRN <http://doi.or
g/10.2139/s511.3777324>(Accessed June 29, 2024).

Paine, R.T., 1969. A note on trophic complexity and community stability, 103. The
American Naturalist, pp. 91-93.

Phillips, M., 2018. Coastal Oregon Visitor Industry (Tourism) Workforce Needs
Assessment 2018. Oregon Sea Grant.

Phillips, W.R., 2018. Pursuing Personal Passion: Learner-Centered Research Mentoring.
Family Medicine 50 (1), 41-46.

Potts, T., Pita, C., O'Higgins, T., Mee, L., 2016. Who cares? European attitudes towards
marine and coastal environments. Marine Policy 72, 59-66.

Roche, A.M., 2002. Workforce development: Our national dilemma. National Centre for
Education and Training on Addiction (NCETA) Flinders University, pp. 1-16.

Roebken, H., 2010. Similarity Attracts: An Analysis of Recruitment Decisions in
Academia. Education Management Administration & Leadership 38 (4), 472-486.

Sagoff, M., 2008. The Economy of the Earth: Philosophy, Law, and the Environment.
Cambridge University Press, New York, NY.

Scoones, 1., et al., 2020. Transformations to sustainability: combining structural,
systemic and enabling approaches Current. Opinions in Environmental Sustainability
42, 65-75.

13

Environmental Challenges 20 (2025) 101203

SEA-EU. 2025. SEA-EU Joint Programmes. <https://sea-eu.org/sea-eu-joint-programme
s/>Accessed 14 May, 2025.

Statista. 2024. Share of population who hold a bachelor level degree or above in
Australia from 1989 to 2023. < https://www.statista.com/statistics/612
854/australia-population-with-university-degree/#: ~:text=0Over20the20past20202
Oyears,dropped20to200nly203220percent.>Accessed 14 May 2025.

Twenge, J.M., 2010. A review of the empirical evidence on generational differences in
work attitudes. Journal of Business and Psychology 25, 201-210.

USACE, 1995. Engineering and design manual: Coastal geology. CECW-EG Engineer
Manual. No. 1110-2-1810.

US Census Bureau, 2024. 2023 National Population Projections Datasets: Projections for
the United States: 2023 to 2100. United States Census Bureau. <. https://www.cens
us.gov/data/datasets/2023/demo/popproj/2023-popproj.html. >(Accessed July 11,
2024).

US Coastal Research Program (USCRP). <https://uscoastalresearch.org/>(Accessed
April 29, 2024).

US Bureau of Labor Statistics, 2024. Occupational Outlook Handbook. US Department of
Labor. <. https://www.bls.gov/ooh/. >(Accessed July 8, 2024).

US Nearshore Research Community (USNRC), 2016. US Nearshore Community
Integrated Research Implementation Plan: The National Plan. <. https://imgl.
wsimg.com/blobby/go/15d64e95-fafc-480e-86d4-f27f2a59dfa4/downloads/2-Nea
rshore National Plan-Oct-2016.pdf?ver=1569256670569. >Accessed April 10,
2024.

van Putten, 1., Metcalf, S., Frusher, S., Marshall, N., Tull, M., 2020. Transformation of
coastal communities: Where is the marine sector heading? The Australasian Journal
of Regional Studies 20 (2), 286-324.

Vermillion, B., Higbie, C., 1994. Coastal Engineering Research Board Educational and
Training Needs Survey, 1994. Regional Director, United States Office of Personnel
Management, Atlanta, GA.

Ward, N.D., et al., 2020. Representing the function and sensitivity of coastal interfaces in
Earth system models. Nature Communications 11, 2458.

Weber, T. & Nevela, A. 2006. An exhaustive analysis of employment trends in all sectors
related to sea or using sea resources: Final report for the European Commission, DG
Fisheries and Maritime Affairs C3135. 168 p.

Wiggins, J.E., 2016. Generation Y leaders’ motivation and retention within the service
industry (Doctoral dissertation). Walden University.


https://iep.utm.edu/red-ism/
https://iep.utm.edu/red-ism/
https://seagrant.noaa.gov/wp-content/uploads/2023/08/Climate-Ready-Workforce-NOFO.pdf
https://seagrant.noaa.gov/wp-content/uploads/2023/08/Climate-Ready-Workforce-NOFO.pdf
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0054
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0054
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0054
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0055
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0055
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0056
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0056
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0056
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0057
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0057
https://doi.org/10.2139/ssrn.3777324
https://doi.org/10.2139/ssrn.3777324
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0059
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0059
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0060
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0060
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0061
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0061
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0062
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0062
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0063
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0063
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0064
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0064
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0065
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0065
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0066
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0066
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0066
https://sea-eu.org/sea-eu-joint-programmes/
https://sea-eu.org/sea-eu-joint-programmes/
https://www.statista.com/statistics/612854/australia-population-with-university-degree/#:~:text=Over20the20past202020years,dropped20to20only203220percent
https://www.statista.com/statistics/612854/australia-population-with-university-degree/#:~:text=Over20the20past202020years,dropped20to20only203220percent
https://www.statista.com/statistics/612854/australia-population-with-university-degree/#:~:text=Over20the20past202020years,dropped20to20only203220percent
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0069
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0069
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0070
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0070
https://www.census.gov/data/datasets/2023/demo/popproj/2023-popproj.html
https://www.census.gov/data/datasets/2023/demo/popproj/2023-popproj.html
https://uscoastalresearch.org/
https://www.bls.gov/ooh/
https://img1.wsimg.com/blobby/go/15d64e95-fafc-480e-86d4-f27f2a59dfa4/downloads/2-Nearshore_National_Plan-Oct-2016.pdf?ver=1569256670569
https://img1.wsimg.com/blobby/go/15d64e95-fafc-480e-86d4-f27f2a59dfa4/downloads/2-Nearshore_National_Plan-Oct-2016.pdf?ver=1569256670569
https://img1.wsimg.com/blobby/go/15d64e95-fafc-480e-86d4-f27f2a59dfa4/downloads/2-Nearshore_National_Plan-Oct-2016.pdf?ver=1569256670569
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0075
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0075
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0075
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0076
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0076
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0076
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0077
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0077
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0079
http://refhub.elsevier.com/S2667-0100(25)00122-2/sbref0079

	Coastal Workforce Development Success: The U.S. Coastal Research Program & the Keystone Variable Concept
	 
	1.1 The need for a skilled coastal workforce
	1.2 Training a skilled coastal workforce
	1.3 The Keystone Variable Concept as an effective approach to complex problems

	2 Methods
	2.1 Quantifying USCRP success metrics
	2.2 USCRP Student Coastal Workforce Impact Survey

	3 Results
	3.1 Coastal workforce development: Direct successes
	3.1.1 Students trained in coastal sciences
	3.1.2 Students entering the coastal workforce

	3.2 Indirect coastal workforce support: outcomes produced
	3.3 Creating and promoting positive coastal science experiences
	3.3.1 Supporting first time student experiences
	3.3.2 Expanding coastal research opportunities
	3.3.3 Decision factors to enter the coastal sector versus another field


	4 Discussion
	4.1 Recruiting and retaining students desiring to enter the coastal workforce
	4.2 The growing demand for a skilled coastal workforce
	4.3 The Keystone Variable Concept to tackle complex system problems
	4.4 Conclusion: A new call to action for developing the coastal workforce

	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Supplementary materials
	Data availability
	References


