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Research on Natural Resources:
The Quest for Integration Revisited

The dysfunctional use of resources in modern societies arises from increasingly fragmented ways of understanding natural
resources. Consequently, there have been repeated calls for integrative knowledge production, and various approaches to

integration have been proposed, including such as interdisciplinary
or transdisciplinary resource research and integrated resource
management. The conceptual space proposed here can be applied
as a tool for imagining and designing new approaches, methods,
and research techniques toward a more reflexive understanding of
integration-oriented research on natural resources.
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atural resources, including water, soil, forests, game species,

mined raw materials, and wind, are persistent points of ref-
erence for environmental science, discourse, and practice. Wheth-
er viewed from the perspective of ecological modernization, sus-
tainable development, or the more recent idea of the Anthropo-
cene (Hall et al. 2015), modern societies are blamed for under-
mining their natural resource base, thereby creating the risk of
severe consequences for ecological integrity and societal welfare.
Myopic economic interests and growth imperatives are not the
only factors responsible for the dysfunctional or harmful patterns
of resource use prevalent today. Rather, these patterns are also
seen as emerging from our increasingly fragmented ways of know-
ing about natural resources. Consequently, there have been repeat-
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ed calls for integrative knowledge production with regard to natu-
ral resources. These calls are reflected in approaches such as in-
terdisciplinary or transdisciplinary resource research and inte-
grated resource management.

In the present essay, we aim to shed new light on the quest for
integration in natural resources research. More specifically, we pro-
vide some reflections on what integration-oriented research on
natural resources could mean. For this purpose, we first offer an
interpretation of the basic problematic against which demands for
integration in natural resources research arise, namely the frag-
mentation of epistemic-practical resource regimes. Second, we
map basic understandings of natural resources, research, and in-
tegration to open up a conceptual space for thinking about and
doing integration-oriented research on natural resources. Third,
on this basis, we reflect on existing interdisciplinary and transdis-
ciplinary research on natural resources, as well as on integrated
resource management, to consider how the challenge of integra-
tion is framed in dominant approaches of resource-related knowl-
edge production. Finally, we sketch some ideas with regard to a
more nuanced and reflected notion of integration-oriented research.
Our essay is intended to encourage further discussion within the
broad community of scholars and practitioners who recognize the
need for further integration in research on natural resources.

Problematic: Fragmented Epistemic-practical
Regimes

Although descriptions of modern societies tend to highlight non-
materialist notions such as information, communication, or
knowledge, natural resources remain of fundamental significance
to many social processes (Sieferle et al. 2006, Kliy 2014). For ex-
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ample, natural resources are keys to economic development and
human well-being; their degree of availability can propel or im-
pede technological innovation and the development of cultural
practices; societal power relations emerge and are transformed by
natural resource issues (Forsyth 2003, Swyngedouw 2014); and
as basic economic commodities, they trigger both the emergence
and resolution of social conflicts (Mason et al. 2016).

The ubiquity of natural resources has implications for how
contemporary societies deal with them. Given the ever-increas-
ing differentiation of modern societies into multiple spheres of
action with specific rationalities, highly fragmented practices of
dealing with natural resources have emerged (figure 1). For ex-
ample, a certain natural resource stock, such as a forest, is often
managed according to a highly specific economic purpose while
disregarding the implications of that management for other po-
tential uses such as recreational activities. Moreover, various in-
terlinked resource stocks are viewed and treated in relative isola-
tion from each other. For example, fish stocks in a river are usual-
ly managed by a different institution from the one responsible
for managing the watershed.

This widespread pattern of fragmented resource practices tends
to be reproduced in current research on natural resources. Differ-
ent epistemic fields (i.e., the natural sciences, humanities, and
social sciences) as well as various disciplines within each field em-

phasize different aspects of natural resources and related practices.
In doing so, they have created highly specialized knowledge strands
that are minimally related to each other. As this form of knowl-
edge production also informs resource-related practices and trig-
gers their fragmentation, we can speak of a fragmented epistemic-
practical regime related to natural resources.

For quite some time now, this regime has been dysfunctional,
in that it has produced negative side effects and second-order prob-
lems. For example, the use of a particular resource in multiple do-
mains has propelled the emergence of resource conflicts, some
of which are undermining societal harmony.! This problematic
has given rise, in both science and practice, to efforts to deal with
resource management in more integrative ways (Murugesu et al.
2012, Waterton et al. 2015, EC 2008). In resource-related research,
this turn toward integration is mostly reflected in general approach-
es such as interdisciplinarity or transdisciplinarity. However,
what these approaches can offer with regard to improving the
fragmented resource regime remains unclear.

1 For instance, in industrialized countries the use of landscape resources by
new inhabitants of suburban and rural communities can lead to conflicts.
Ecological values and recreational use might lead newcomers to support
the restoration of streams used for agricultural drainage (Ejderyan 2014).
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the scope of this paper, which calls for integration-oriented research on natural resources due to dysfunctional patterns of resource use in modern societies.
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Concepts: Natural Resources, Research, and
Integration

To address this question, we will elaborate on the meaning of nat-
ural resources, research, and integration in order to develop a con-
ceptual space that provides a basis for thinking about and doing
integration in research on natural resources.

Natural Resources

A resource is something that holds meaning and value for hu-
man beings. Resources are not universal givens, but “products of
biological, ecological, or geological processes that satisfy human
wants” (Bridge 2009, p. 261). This means that resources are con-
stituted in relation to human actions (cf. Johnston et al. 1994, Wies-
mann 1995). This relational understanding implies that the qual-
ifier natural is not meant to naturalize resources, that is, to detach
them from their embeddedness in human actions. Rather, the
term specifies the presence of some physical matter that forms the
essential material dimension of natural resources —in contrast,
for example, to cultural, economic, and human resources. How-
ever, to qualify as a natural resource, this physical matter has to
undergo some form of human meaning-making; that is, it must
be identified and valued as a resource useful to humans. This act
of interpretation entangles the physical matter with a symbolic
dimension consisting of a set of cognitive and normative ideas.
The meaning-making process, in turn, takes place in social set-
tings, in which individuals and groups struggle about the mean-
ing of resources in interactive processes. As a result, a natural re-
source is a construct that connects a matter-based material dimen-
sion with a meaning-based symbolic dimension and an interac-
tion-based social dimension (cf. Blaikie 1999, who embodies a
soft social-constructivist stance).

Research

Whereas natural resources refer to a multi-dimensional thing,
the term research signals a certain way of approaching a given ob-
ject. Most generally, research pertains to either a process or a re-
sult of knowledge production. With regard to the overall purpose
of research, one can identify at least two basic paradigms with
many shades in between: a paradigm of truth-oriented research
to fill existing knowledge gaps (knowledge-oriented research) and
a tradition of use-oriented knowledge production to guide action
and social improvement (action-oriented research) (Checkland and
Holwell 1998). Whereas the former is commonly associated with
academic science organized into disciplines that draw on distinct
epistemologies and methodologies, the latter also involves non-
academic experts, societal actors, and citizens who engage in prac-
tical problem solving.

Integration

According to a generic analytical understanding, integration refers
to the relating of at least two dispersed parts (integrands) in such
away that they together constitute a third (integral whole) (cf. Bor-
nemann 2014). Such an abstract understanding raises two basic

conceptual questions that must be answered when we speak of
integration: what (i. e., what objects) is related and how (i.e., in
what mode) (Bornemann 2014). In view of the abundance of po-
tential integration objects, the what question can hardly be an-
swered generally. However, given our specific topic of interest,
integration can refer to either the natural resources themselves
or to research. In the former case, integration entails adopting
a view that highlights the links between different types and/or
dimensions of natural resources in more complex assemblages.
The latter form of integration focuses on relating various re-
search perspectives, such as action-oriented and knowledge-ori-
ented research.

The how question allows for additional conceptual differentia-
tions with regard to a number of ideal-typical structural (“inte-
grated”), functional (“integrative”) and procedural (“integrating”)
modes of integration (see Bornemann 2014, pp. 87 {f.). The dis-
tinction between symmetrical and asymmetrical modes of inte-
gratedness, for example, refers to the relative weight of integrands
(e.g., layers or perspectives) in an integral whole; the differentia-
tion between strong and weak integration, meanwhile, denotes
different degrees of autonomy of the integrands within the inte-
gral whole. The presence of a multiplicity of possible modes of in-
tegration carries with it the critical implication that integration
is neither self-explanatory nor unambiguous; rather, one needs
to specify and justify the particular mode(s) of integration when
one applies the concept.

Integration-oriented Knowledge Production

Drawing on this conceptual space, we will now look at three dom-
inant approaches to integration-oriented knowledge production
in the field of natural resources: 1. interdisciplinarity, 2. transdis-
ciplinarity, and 3. integrated resource management. More specif-
ically, we will discuss how these approaches frame the endeavors
of integration-oriented research.?

Interdisciplinarity (D)

In the last twenty years, ID has become a major orientation fos-
tering innovation and complex problem solving in our highly dif-
ferentiated and specialized system of research. With its aim of
bringing together various disciplines to tackle complex phenom-
ena, ID has a clear ambition of achieving integration.

Natural resources have long been among the broad spectrum
of objects considered for ID (cf. Heberlein 1988). While the natur-
al sciences enable our understanding of the material layer of nat-
ural resources, the humanities illuminate the symbolic layer by
offering, for example, historical knowledge about the contextual
meaning of natural resources. Moreover, social scientists provide

2 Our intention is not to exhaustively discuss the theoretical and practical
breadth of each approach; rather, we refer to prevailing understandings and
practices from our point of view as active researchers in the field.
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knowledge about the social interactions that form around natural
resources.

However, ID comes with a clear focus on academic research.
More specifically, it represents an answer to the ever-differentiat-
ing disciplinary specialization occurring within academia and there-
fore remains restricted to the academic sphere of knowledge pro-
duction. Non-academic research practices that lie beyond the dis-
ciplinary organization of our contemporary system of scientific
scholarship are also beyond the scope of ID.

Within its academically oriented framework, ID seems to fea-
ture the narrow integration of neighboring disciplines of “the same
kind” — that s, disciplines of relative epistemological and method-
ological similarity — as the social sciences and the humanities are
generally reluctant to engage in ID research on natural resources
(Heberlein 1988, Schmid and Stauffacher 2013, Wiger et al. 2014).
Where ID research does cut across the boundaries between these
different ways of knowing, it tends to promote task sharing be-
tween the natural sciences, which reflect on problems and possi-
ble solutions, and the social sciences, which look at the extent of
acceptance of potential solutions (Sievanen et al. 2012).

Finally, there is a tendency to consider the “inter” in ID as sim-
ply adding disciplines rather than thoroughly interrelating their
efforts. This approach fosters the emergence of rather loosely re-
lated research clusters organized around and dominated by a dis-
ciplinary nucleus, resulting in a weak and asymmetric mode of in-
tegration. The multiple clusters produce separate sets of disciplin-
ary knowledge on a common topic, which are integrated at the
very end of a project, in a form of ex-post integration (cf. What-
more 2009, Barry and Born 2013).

Transdisciplinarity (TD)

TD relates to a problem-oriented research approach that strives
for co-production of knowledge by integrating different scientif-
ic disciplines and societal actors (Pohl 2008, Klein et al. 2001). From
the outset, TD research has been described as representing an in-
tegrative approach with the vision of relating scientific and practi-
cal knowledge to generate more comprehensive, more problem-
fitting, and more socially robust knowledge.

TD is characterized by a problem-oriented perspective. Although
new discussions have emerged recently on the question of how
problems are framed, TD has generally seemed to take a fairly ob-
jectivist approach to “real-world problems”; in other words, the
problems are treated as given rather than as socially constructed.
This emphasis on the material dimension of natural resources
tends to disregard their relational character and their social and
symbolic dimensions.

TD features an understanding of research as co-production of
knowledge between science and practice. TD literature provides
rich reflections on the different types of scientific and practical
knowledge and how they can be related to cope with complex
problems (Hirsch Hadorn et al. 2008). Moreover, the literature
contains models of research processes as well as methods in-
tended to facilitate the co-production of knowledge between sci-
ence and practice (Lang et al. 2012, Wiesmann et al. 2011). This
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understanding of research forms the core of TD’s notion of in-
tegration as a problem-oriented relating of scientific and prac-
tical knowledge.?

Integrated Resource Management (IRM)

IRM refers to a family of approaches that seek to overcome the
fragmentation of resource systems by organizing resource-relat-
ed management practices in an integrative manner. These ap-
proaches are manifested in several types of interventions, such
as regional plans, monitoring systems, or projects dealing with a
specific resource stock. The inclusion of multiple practices some-
times constitutes more comprehensive institutional resource
regimes that shape the way in which resources are managed and
used (cf. Kissling-Naf'and Varone 2000, Knoepfel and Gerber 2008).

Natural resources are clearly at the core of IRM. IRM practices
convey an understanding of natural resources as manageable stocks
and thereby highlight their tangible material aspects. The actors
involved in IRM as administrators and managers are primarily ex-
perts with a natural science background. Consequently, IRM some-
times tends to conceive of natural resources as material entities
to be captured, monitored, and managed based on objective knowl-
edge while disregarding their symbolic dimensions.

IRM represents the practice-oriented end of the range of inte-
grative approaches described here. In fact, given its focus on ac-
tion, some would question whether IRM should be considered a
research approach at all. However, we argue that IRM involves re-
search practices since it normally prescribes or assumes arrange-
ments of knowledge management and production (such as prob-
lem analysis tools, scenario techniques, and monitoring systems).
Despite this grounding in research functions, the knowledge pro-
duced within IRM is practically oriented, intended to guide action
and interventions in resource systems so as to concretely affect
material resource stocks and flows or land use activities.

Regarding the objects of integration, IRM refers to the relating
of different kinds of objects such as sectoral problems, goals and
means; actors with different backgrounds, rationalities, and in-
terests; levels of action (local, regional, national, or global); and
temporal scales (from short-term to long-term). These different
objects correspond with a wide range of methods and planning
tools that support the integration of knowledge and of conflicting
interests or competing values, such as multi-criteria analysis, in-
tegrative planning procedures, or stakeholder involvement meth-
ods. Furthermore, regarding modes of integration, IRM seems to
be based on the idea of balancing. Various accounts and knowl-
edge elements related to different spheres of practice are supposed
to be taken into account equally to form a coherently functioning
IRM arrangement. Since in practice, however, the power of in-

3 Although the notion of co-production implies an understanding of integration
as balancing, much of TD practice appears to be dominated by the academic
side of the collaboration. This practice may derive from the fact that TD has
its roots in academia and does not travel well across academic boundaries.
TD projects are regularly initiated and organized by academics, as most
funding schemes require academic partners to take the lead.



FORUM

Basil Bornemann et al.

QLIRME The table compares three approaches of knowledge production in the field of natural resources: interdisciplinarity, transdisciplinarity, and integrated

resource management. They differ with regard to their conceptions of integration.

natural resources

research

integration

interdisciplinarity multi-layered objects science

homogeneous, weak, and asymmetrical integration of disciplines

transdisciplinarity complex problems

science-practice

asymmetrical integration of science and practice

integrated resource management manageable material stocks  practice

balancing, but erratic integration of diverse objects and practices

volved institutions (e.g., legal, political, or regulatory settings) and
actors plays an important role in structuring how different knowl-
edge elements are related within an IRM arrangement, integra-
tion becomes a rather erratic endeavor.

Comparing the Three Approaches

The three approaches imply different understandings of integra-
tion-oriented research on natural resources and offer different po-
tential for tackling the problem of fragmented epistemic-practical
resource regimes (table 1). ID seems most able to take account of
the multi-layeredness of natural resources, whereas TD and IRM
embody some biases toward materialist understandings. The
approaches also differ with regard to their implicit conceptions
of integration. ID aims to integrate scientific knowledge and fo-
cuses on relating the work of neighboring disciplines in a rather
summative way. TD pursues the integration of scientific and prac-
tical knowledge in a somewhat asymmetrical fashion, with acade-
mia taking the lead. IRM aims to integrate various kinds of objects
in a problem- and solution-oriented and balanced manner, but its
form varies depending on the institutional and political power
structures undergirding it.

Perspectives

Through this essay, we hope to revive the quest for integration in
research on natural resources. For this purpose, we have interpret-
ed the problematic that underlies repeated calls for integration
in research on natural resources as consisting of fragmented epis-
temic-practical regimes. We revealed a plurality of possible ways
of thinking about and doing integrative research on natural re-
sources by mapping the relevant meanings of natural resources,
research, and integration. Our discussion of three common ap-
proaches to integration-oriented natural resources research (TD,
ID, and IRM) revealed that they imply different understandings
of natural resources, represent different ideas of knowledge pro-
duction, and come with different (implicit) conceptions of inte-
gration. What follows from these considerations for the future
of integration-oriented research on natural resources?

First, we see good reasons for integration to become the default
attitude toward and vanishing point for research on natural re-
sources. Many of the critical issues facing us today, such as in-
creasing urbanization leading to land use conflicts in and around
large metropolitan areas, the rarefaction of raw materials due to

increasing demand by industry, and variations in crop yields re-
lated to climate change, highlight the entanglement of various lay-
ers and types of natural resources — and the limitations of frag-
mented epistemic-practical regimes to address these issues.

Second, our reconstruction of three prominent approaches re-
minds us that there are multiple ways of thinking about and do-
ing integration-oriented natural resources research. Each of these
ways might be more or less adequate for a particular context or
set of challenges. Therefore, we argue for a reflexive understand-
ing — that is, an understanding that is intentionally aware of its
own implications. Such a reflexive understanding would, for ex-
ample, make use of different approaches that may be suitable for
different practical problems of resource fragmentation.

Third, the conceptual space that we have proposed itself provides
the ground for such a reflexive endeavor. For instance, it may help
to capture the peculiarities of integration-oriented research ap-
proaches and, in this vein, might be extended to other approach-
es such as sustainability, transformative, or action research. In
addition, the conceptual space may also be used on a methodolog-
ical level to reflect on and sort out more specific research meth-
ods or techniques. For example, it may help in deciphering the
implicit understandings and assumptions that underlie certain
integration-oriented methods of system analysis, scenario tech-
niques, or integrated assessments. This step may result in a more
precise understanding of the particular potentials and limita-
tions of these methods for integration-oriented natural resources
research.

Fourth, this conceptual space, since it grasps and compiles rele-
vant references for thinking about and doing integration-orient-
ed research, can also be applied as a tool for imagining and design-
ing new approaches, methods, and research techniques. It may
also inspire the design of institutional framing conditions and re-
search policies (e. g., funding schemes) specifically envisioned to
advance integration in natural resources research and thereby lay
the foundation for the emergence of less dysfunctional and harm-
ful practices of dealing with natural resources.

This paper has emerged from discussions within the working group
Integrative Research on Natural Resources of the Swiss Academic Society for
Environmental Research and Ecology (saguf). The authors are indebted to
Michael Stauffacher for critical comments on earlier versions of the paper,
as well as to two anonymous reviewers whose comments helped to
improve the paper.
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