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Land system science can inform decision making to address
societally important issues, including food, energy, and water
security, livelihoods and lifestyles, biodiversity loss, and
climate change. There is growing experience among scientists
and practitioners with land systems as a transdisciplinary
science. Most often, this experience has accumulated through
short-term projects. However, there is a need for durable, long-
term land system science platforms to address diverse types of
complex, wicked problems, from immediate crises and
emergencies over days and weeks; to sudden events over
months and years; to extensive, pervasive, and subtle changes
occurring over decades. In this paper, we offer a strategic
framing of the issues and features for transdisciplinary land
system science platforms that can be adapted and applied to
local conditions.
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Introduction

Land use change is a key process affecting societies’
ability to meet sustainability and resiliency challenges
at multiple scales. Although land use change may seem
primarily to be about temporal patterns of how people
structure and exploit the terrestrial surface of the Earth,
understanding land use change, in fact, requires know-
ing the motivations, behaviors, and systems with which
people interact with terrestrial ecosystems. These
interactions have diverse effects on societally important

issues including food, energy, and water security, live-
lihoods and lifestyles, biodiversity loss, and climate
change [1]. Land use change can be conceived of as
complex, adaptive social-ecological systems [2] with
dynamic interactions among different types of actors,
practices, and technologies. The feedback between
land use and environmental dynamics are important
aspects of the interaction of people and ecosystems
[3,4].

Land system science addresses these dynamic interac-
tions by monitoring and describing patterns of land-
cover change, explaining drivers of land-use change,
and understanding interactions between land-cover
and land-use change. Land system science produces
data and knowledge in several ways, including deductive
approaches, abductive reasoning, and syntheses of exist-
ing knowledge [1]. Land system science often employs
these approaches in collaboration with decision makers
[5,6] to identify questions, collect data, interpret find-
ings, and co-produce actionable science. Such co-pro-
duction approaches are seen as fundamental to transdis-
ciplinary science [7]. In addition to co-production,
transdisciplinary science combines interdisciplinary
approaches, working in teams [8], and the production
of actionable science [9,10].

Scientists ‘and practitioners’ experience with transdisci-
plinary science for land systems is growing [5,6,11]. Short-
term projects have generated valuable experience and
training programs have been developed for current pro-
fessionals and students [12,13]. Major funding sources at
regional, national, and international levels are expanding
their portfolios to support transdisciplinary land system
science [14,15]. An important question remains, however:
what is the best way to create durable networks of people,
organizations, and data to make the transition from indi-
vidual, short-term projects to persistent, long-term plat-
forms for transdisciplinary land system science. This
question is important because too often scientists and
practitioners find the duration of project funding to be
inadequate. Often, just as a transdisciplinary project
begins to work well, the project funding ends. The team
might try to find new funding for their existing project.
They might pursue new funding opportunities for new
projects. In either case, researchers and practitioners are
faced quite frequently with significant ‘start-up’ costs to
establish new transdisciplinary projects and organizing
new teams. This is frustrating, inefficient, and often
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8 Sustainability governance and transformation

ineffective for scientists and practitioners alike. In this
paper, we propose that it is important to strategize the
transition from short-term projects to long-term plat-
forms, which includes features and infrastructure to sup-
port on-going multi-sectoral and transdisciplinary colla-
borations to address and adapt to short-term crises and
long-lasting wicked problems in land systems.

While this transition may avoid the feeling and costs of
‘déja vu all over again’ from starting a new, similar to the
last, transdisciplinary project; we also propose that trans-
disciplinary land system science platforms can inform co-
produced sustainability pathways to more resilient socio-
ecological systems in ways that cannot be achieved on a
project by project basis.

This paper does not attempt to offer detailed prescrip-
tions for how to build long-term, transdisciplinary land
science platforms. Rather, it offers a strategic framing of
the issues and features for such a platform. In essence, we
identify key features to keep in mind in developing
durable platforms for transdisciplinary research and prob-
lem solving. Thus, this paper identifies (1) what are some
of the challenges to be solved; (2) what are some existing
building blocks; (3) what are some of the desired out-
comes; and (4) what strategic features might be installed
to take advantage of existing building blocks to achieve
the desired outcomes (Figure 1). Our intent is that this
framing and identification of features can be adapted and
applied to fit the local conditions that scientists and
practitioners face in their own context.

Challenges
Itis increasingly clear that understanding and acting upon
land systems are ineffective with limited datasets and
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Key elements for the expansion from short-term, transdisciplinary land
system science projects to long-term platforms.

simplified models of land-use and land-cover change [16].
Land system changes are characterized by complex inter-
actions and multi-causality at multiple scales [1]. Further,
land system science needs to address the simultaneity of
land systems, which are “a biophysical entity, a territory, a
commodity, a habitat for nonhuman species, a resource
for productive activities, and a buffer for absorbing pol-
lutants. [These systems are] allocated, regulated, and
administrated by various laws, norms, and rules [and] a
source of meaning and sense of place, a landscape com-
ponent, and symbolically loaded [1:53].”

Land systems represent several types of problems for
decision makers. LLand systems are often characterized by
wicked problems. Wicked problems are composed of
complex systems and interacting and inter-dependent
parts [17]. Actors often hold diverse and conflicting values
and perspectives. Solutions are often uncertain and sub-
optimal [18,19]. These wicked problems also have differ-
ent temporal dimensions. While events over months and
years; to extensive, pervasive, and subtle changes occur-
ring over decades may be the most familiar kinds of
wicked problems [20], there is a growing need for real-
time responses to unfolding crises and emergencies.
Understanding such emergencies helps motivate trans-
disciplinary approaches [21].

When practitioners seek to use science and evidence-
based decision making to address these wicked problems,
they are confronted with a variety of scientific challenges.
There may be diverse scientific perspectives on how the
system works, the nature of its past, and the shape of its
likely futures. There may be incomplete data, uncertain
knowledge, or varying levels of confidence in the data and
knowledge. Analytical models may not exist or be insuf-
ficient to deal with the complexity of the problem.
Finally, there may not be resources for monitoring and
evaluating the long-terms impacts of interventions.

Land system scientists have their own challenges. On one
hand, there is limited but growing experience and train-
ing with transdisciplinary projects: how to do interdisci-
plinary, team-based, and actionable science. However,
there are few models for how to build long-term and
durable platforms that are based on reliable and long-term
institutional support and budget, and thus have sufficient
time to develop important dimensions [22-25]. These
factors are critical for long-term, transdisciplinary plat-
forms to refine their functions, build and maintain effec-
tive intellectual networks, develop social cohesion, and
establish effective data systems [22-25].

From projects to platforms

The expansion from short-term land system projects to
long-term platforms has three main elements: (1) existing
opportunistic activities; (2) desired outcomes; and (3)
strategic features (Figure 1). A critical insight from this
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diagram is to recognize that in any locale there are
numerous, existing opportunistic activities related to land
system science and decision making. Decision makers are
likely to have support from trained technical staff, con-
sultants and firms, professional organizations, or regional
and national agencies. They will also have their own
administrative data. Decision making processes may be
subject to public input and review. There may be inter-
mittent interactions with academics and researchers.

Academics and scientists conduct research with support
from within their institutions and from external sources.
These research activities are sometimes conducted under
the auspices of a cross-disciplinary or synthetic university
initiative or via a course that brings together students or
faculty from various perspectives, and through course pro-
jects. However, most sponsored science projects tend to be
short-term and non-cumulative. Data are collected, often
for a single use and over a short period of time. There may
be intermittent interactions with decision makers.

A set of desired outcomes is the second element of the
framework. When practitioners adopt science and evi-
dence-based decision making, they may have several con-
cerns. Decision makers may seek to reduce the costs and
increase the timeliness of data, while accessing data from
multiple disciplines and multiple sectors. They may need
continuity and durability of data and knowledge networks
for both long-term monitoring and evaluation of their
policies, plans, and management and for adaptive decision
making. The overall approach may enhance the scientific
legitimacy of their decision making processes [26].

Academics and scientists may seek to increase the utility
of their research and expertise. Students’ education may
be enhanced with experiences from local, relevant, real-
life training. Researchers may be able to use monitoring
and evaluation of policies, plans, and management to
produce new scientific knowledge and develop new
methods.

Strategic features are the third element of the framework.
Strategic features in the framework are those elements of
a platform that are designed and deployed to support
multi-sectoral, interdisciplinary, and transdisciplinary col-
laborations. The key benefit to identifying strategic fea-
tures is to understand how to build upon and create
synergies from opportunistic activities to achieve the
desired outcomes. The strategic features element is com-
posed of participation and investments from multiple
sectors—government, academic, non-profit, business,
and community—and multiple disciplines to produce a
community of social networks and teams, and boundary
objects and boundary management (Figure 2).

A multi-sector and multi-discipline approach of social
networks and teams can expand the resources, expertise,
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Strategic features depend upon multiple sectors and disciplines to
create communities of social networks, data, and knowledge systems.

and data that can be incorporated into solving transdisci-
plinary land system problems. It is important to note,
however, that interdisciplinary and transdisciplinary
approaches should not be accepted uncritically. On one
hand, these types of approaches are time-intensive,
require a willingness to work collaboratively and engage
with and learn new concepts and terms, and test
participants’ abilities to both advance science and pro-
duce societal solutions [27]. On the other hand, these
types of approaches represent opportunities to broaden
interactions with diverse perspectives and solve complex
problems that would otherwise be inscrutable from a
disciplinary or sectoral perspective [28].

The use of boundary objects and participation of bound-
ary organizations can be crucial for addressing some of the
positive and negative issues associated with transdisci-
plinary approaches. The creation and use of boundary
objects can be an essential process in developing cooper-
ation and managing diversity across intersecting social
worlds to address wicked, complex problems [29]. Bound-
ary objects are intended to be useful in several ways.
They “allow scientists to cooperate and work [collec-
tively] 1) without having good models of each other’s
work; 2) while employing different units of analysis,
methods of aggregating data, and different abstractions
of data; and 3) having different goals, time horizons, and
audiences to satisfy [30:46].” Boundary objects may be
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abstract or concrete. An important test of boundary
objects is their ability to encompass, change, and adapt
to multiple points of view while increasing communica-
tion across viewpoints [29]. This is essential for different
actors to conceive of and negotiate transdisciplinary pro-
blems and to conceptualize how they fit in and identify
appropriate roles for their participation [26,29].

There are at least four types of boundary objects: (1)
repositories, (2) ideal types, (3) coincident boundaries,
and (4) standardized forms and practices [29]. Repositories
are ordered ‘piles’ of objects that are indexed in a stan-
dardized fashion. Data information systems are an exam-
ple of a repository boundary object and can include a
diversity of materials (piles) such as field data and field
samples; interviews, and remote sensing and documenta-
tion with metadata. Data information management sys-
tems can span a broad range of disciplines and sectors.
Often, information management systems may include
multi-media such as publications, reports, presentations,
briefing papers, photos, animations, and video. At the
margin, arts and humanities can contribute substantially
to transdisciplinary knowledge systems that support
action.

Ideal types include diagrams and other forms of symbolic
abstraction. They are not intended to accurately or pre-
cisely describe the details of a place or a thing. It is an
abstraction from the relevant domains and may be fairly
vague. “It serves as a means of communicating and
cooperating symbolically—a ‘good enough’ road map
for all parties” [29:410]. Ideal types or conceptual dia-
grams can include coupled [20] and co-produced system
perspectives [31,32].

Coincident boundaries are often relatively familiar objects
that have the same boundaries but may have different
internal contents, depending upon the perspectives of
various team members. These objects may be different
types of nested geographies such as socio-political
regions, municipalities, and neighborhoods, or climatic
zones, geologic formations, or watersheds.

Standardized forms and practices are methods of common
communication across dispersed work groups over space
and time to facilitate cooperation and collaboration. For
instance, projects may discuss plans and organize data
collection teams so that physical, ecological and social
data are co-located and synchronized. Strategies may be
developed to link and integrate diverse data types such as
field data, remotely sensed data, and administrative data
with ‘data hooks’ that include latitude/longitude, address,
time, and scale [33].

Boundary objects can exist independently or as a system.
When they are used as a system, boundary objects can be
used interactively.  For  instance, information

management systems (repository) can be used to populate
a conceptual diagram (ideal type) and applied to under-
stand the social-ecological dynamics of a watershed (coin-
cident boundaries). The use of boundary objects depends
upon boundary organizations and boundary management
[26]. Boundary management functions—communication,
translation, and mediation—can be performed effectively
through various organizational arrangements and proce-
dures. These functions can be institutionalized in bound-
ary organizations, organizations mandated to act as
intermediaries between teams, disciplines, and sectors
“As originally conceived, boundary organizations have at
least three features: (i) they involve specialized roles
within the organization for managing the boundary; (ii)
they have clear lines of responsibility and accountability
to distinct social arenas on opposite sides of the boundary;
and (iii) they provide a forum in which information can be
co-produced by actors from different sides of the bound-
ary through the use of ‘boundary objects’ [26:8089].

Teams versus teams of teams

Just as boundary objects can be used to build cooperation
to wicked, complex problems, McChrystal ez a/. [34] dis-
tinguish between the social organization and teamwork

needed to solve complicated versus complex problems
(Figure 3).

There are several critical features for teams, or teams of
teams, to solve wicked, complex problems. These include
a shift from emphasizing efficiency to adaptability as a
core competency [34]. This requires changes to organiza-
tional structure, culture, and their interactions. McChrys-
tal e al. [34] have found that what makes small teams
adaptable are trust, common purpose, empowerment, and
shared awareness.

Trust, common purpose, and empowerment are critical
because they invigorate teams with an ability to solve
problems that could never be foreseen by a single leader.
Ideas and innovations often emerge from the bottom—up
result of interactions, rather than from a top—down direc-
tion. Trust is crucial within a team and among teams.
Strong lateral ties are critical for developing trust and the
construction of shared awareness. However, every mem-
ber of an entire project does not need to know everyone
else on the project. Everyone on one team just needs to
know at least one person on each of the other teams [34].

Attention to team building and nurturing is needed.
Developing a culture, which includes standards, ‘rules
of the game,” and philosophy, is important [25,35,36].
There needs to be opportunities for social interactions to
develop identity, trust, and bonding. Because participants
enter with different experiences and expectations, formal
and informal coaching and support for interdisciplinary,
team, and applied science are vital functions. Finally,
participation needs to address incentives and rewards for
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Figure 3
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The type of problem to be solved has important implications for the organizational structure adopted to solve the problem. This is true for both
scientific and societal problems. Complicated problems can be broken down into its subcomponents without regard for interactions among
subcomponents. In contrast, solutions to complex problems have to account for interactions among subcomponents.

each of the different sectors [28]. Enlightened self-inter-
est, including benefits and values of participants, is
crucial.

What are the differences between a
transdisciplinary project and platform?

We propose that the contrast between short-term projects
and long-term platforms falls along four dimensions:
boundary objects; organizational structures; types and
number of projects; and time. This list may not be
exhaustive and the differences for each dimension are
in degree and not categorical. Projects and platforms will
both develop and use boundary objects and employ
teams, or teams of teams, to tackle wicked, complex
problems. However, the maintenance, reuse, and adapta-
tion of boundary objects over time is an important feature
for long-term platforms. Because of the longer-term
nature of platforms, a team of teams approach has to
consider how to recruit, acculturate, and retain new
members and maintain boundary management. There
are differences in the types of phenomenon most appro-
priate for projects and platforms. Projects may tend to
focus on events occurring over months and years. They
may also address extensive, pervasive, and subtle changes
occurring over decades. This will be the case for plat-
forms, too. However, the standing capacity and compe-
tencies of long-term platforms will predispose them to be
more effective for providing real-time responses to
unfolding crises and emergencies. Long-term platforms

can also be a ‘place’ for the discovery, exploration, and
prototyping of science and applications that are not pre-
identified and are ill-defined. Finally, and perhaps the
most obvious difference between projects and platforms
is the dimension of time, where projects often last
between two to five years, and platforms may persist
for decades. This allows long-term platforms to adapt
and evolve as a whole in contrast to engaging in a series of
new projects.

Conclusion

Land system science can play a critical role in informing
and negotiating shared sustainability pathways to more
resilient socio-ecological systems. We argue that trans-
disciplinary science projects are not enough. We need
durable platforms to solve wicked, complex land system
problems from immediate crises and emergencies over
days and weeks; to sudden events over months and years;
to extensive, pervasive, and subtle changes occurring over
decades.

It is important to recognize that the construction and
maintenance of effective transdisciplinary platforms for
land system science takes time and patience. Strategies
and activities to promote such systems require a suffi-
ciently long-term perspective in order to account for the
slow impact of ideas on both science and practice, the
need to learn from experience, and the time scales
needed to develop the necessary human and institutional
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capital [26:8090]. Such a long-term perspective may span
more than a decade, individual projects, and entire
careers.

In this paper, we have provided a framework and
described strategic features for transdisciplinary land
system science platforms. These features can create
synergistic results from opportunistic activities that are
essential for both decision makers and scientists. The
exact prescription for how to create these strategic fea-
tures and the specific organizational arrangements
depends upon local conditions. Ultimately, it is important
to recognize that the purpose of such an endeavor is to
enable and produce a collective capacity across sectors
and disciplines to support more sustainable and resilient
societies.
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