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INTRODUCTION

In a vastly negative impacted world by global environmental changes, to facilitate transitions to
sustainability, transdisciplinary approaches (TDA) have been explored to link between scientific
and social fields as an inevitable development in recent decades (Max-Neef, 2005; Costanza and
Kubiszewski, 2012; Popa et al., 2015; Barry, 2017; Steger et al., 2021). The transdisciplinary research
(TDR)—as a new discipline and a way of being (Rigolot, 2020), or as a concept in flux and a practice
(Pohl, 2010), is getting much credit as a holistic approach for producing knowledge and decision-
making to addresses global issues, contributing to sustainable development (SD) (Brandt et al.,
2013; Rigolot, 2020). TDR is commonly used to describe a process of co-knowledge production
conducted by integrating between academic and non-academic partners (Brandt et al., 2013;
Rigolot, 2020). Notably, ecosystem services (ES) topic, one of typical themes of transdisciplinary
sustainability (TDS) research (Costanza and Kubiszewski, 2012; Schneider et al., 2019) was assessed
as a pivotal role in attaining sustainable development goals (SDG). Forest ecosystem services (FES),
in particular, not only provide vital ES to humanity (Luchetti et al., 2017; Martínez Pastur et al.,
2018), but also contain most of the global terrestrial biodiversity (Martínez Pastur et al., 2018).
In the lens of sustainability, climate and biodiversity, forests have returned to their central role
in global conservation (Oldekop et al., 2020). Although TDR has become an important term in
sustainability science (SS) debates (Renn, 2021), the awareness of TDA in valuing ES has still limited
(Shackleton et al., 2017). Little is known about the activities of scientists in transdisciplinarity
(TD), especially those just starting their careers (Ruppert-Winkel et al., 2015). This option article,
therefore, based on an overview of TDR, argues that although TDR plays an essential role in valuing
FES for sustainability, its challenges remain enormous.

AN OVERVIEW OF TDR FOR SUSTAINABILITY

TD was formed for the first introduction in 1970 in education (Nicolescu, 2006; Hillel, 2015) to
meet the development of complex environmental problems, which resulted in the first “named”
environmental studies and environmental science training programs in the 1970s (Cooke and
Vermaire, 2015). The TD concept had led to the birth of TDA that sought to make ground in
relation to efforts to confront wicked problems (Norris et al., 2016; Yeung et al., 2021). Because
there is no single, clear or optimal way to handle wicked problems, TDA are often employed
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to develop potentially useful interventions (Hillel, 2015; Yeung
et al., 2021). Interestingly, the concept of sustainability originated
from the German forestry industry in the 18th century due
to increasing logging (Spindler, 2013; Ekardt, 2020). Only the
forestry industry could not save this alarming situation, but
required the responsibility of the economy as a whole societal
task (Spindler, 2013). Hence, the importance of sustainability,
can be seen as the product of the environmental movements
(Spindler, 2013). In 1987, the official concept of SD (“SD
is development that meets the needs of the present without
compromising the ability of future generations to meet their own
needs”) was introduced in a report of the World Commission
on Environment and Development, “Our Common Future”
(referred to as the Brundtland Commission’s report) (WCED,
1987), and it has since then become central to decision-making
worldwide (Mebratu, 1998; Du Pisani, 2006; Spindler, 2013).
Accordingly, the literature on SS has flourished since the 1980s
(Steelman et al., 2015). Mentioned since 1970 but TD remained
undeveloped and almost uncited until the early 1990s (Hillel,
2015). Sustainability and global environmental crises promoted
the redebates of TD concepts in science and planning since the
United Nations (UN) Earth Summit in Rio de Janeiro in 1992
(Hillel, 2015). Two years later, the First World Congress on TD
was organized in Convento da Arrábida (Portugal), producing
a Charter of TD (Hillel, 2015). Since the 1990s, using TD is
becoming increasingly important, in particular over the last half
of the 2000s (Stock and Burton, 2011). Yet, until 2012–2017, not
only has the awareness of TDA in established scientific disciplines
still limited, TD has also not become a central component in
SS (Brandt et al., 2013; Rokaya et al., 2017). However, in the
few recent years, the scientific community has used the term
TDR as a keyword in debates about sustainability and social
transformation (Renn, 2021).

TDS research aims to handle complex societal problems and
advance the co-productions of scientific knowledge (Lux et al.,
2019). There are numerous studies mentioning TD definitions
and concepts (i.e., Pohl and Hirsch Hadorn, 2007; Hadorn et al.,
2008; Lang et al., 2012; Mullally et al., 2017; Pohl et al., 2021).
Formulated from the relevant previous publications, this study
synthesizes TDR in 10 ideal characteristics (Figure 1), including:
(C1) Real-world complex problems; (C2) Disciplines/fields;
(C3) Participants; (C4) Research scales; (C5) Dataset types;
(C6) Process phases; (C7) Knowledge types; (C8) Intensity of
involvement of non-academic stakeholders; (C9) Social learning
in transdisciplinary co-productions (TDCP); and (C10) Societal
effects. The opinions of the strengths/importance (+) and
weaknesses/challenges (-) of TDR in valuing FES in this study
will be considered from these characteristics.

THE IMPORTANCE OF TDR IN VALUING
FOREST ECOSYSTEM SERVICES FOR
SUSTAINABILITY

ES topic is an important domain of SS (Aryal et al., 2022).
Scientific research on ES and human well-being is considered as
an emerging field (O’Farrell and Anderson, 2010; Aznar-Sánchez
et al., 2018; Wang et al., 2021). The original idea of ES and goods

was mentioned from 1959 by Odum while discussing the use
of natural resources through the forms of agriculture, forestry,
hunting, fishery, and addressed human populations as the part of
ecosystems (Odum, 1959). ES concept, then, has been enhanced
in the scientific literature since the end of the 1970s. And
this term (or environmental services, ecological services, and
ecosystem goods) was re-explored in the 1990s. However, until
2005 when the Millennium Ecosystem Assessment (hereafter
MA) has gained a milestone in summarizing past ecosystem
change and assessing the humankind’s future, ES concept just
was accepted in both the scientific and especially the political
perspective (Vihervaara et al., 2010). Accordingly, the quantity
of ES publications has developed strikingly since the MA
(Vihervaara et al., 2010; Aznar-Sánchez et al., 2018; Wang et al.,
2021). Notably, the ES concept has changed our paradigm of
how nature is important to human societies, from viewing
we sacrifice our well-being if choosing the preservation of
nature to perceiving the environment as natural capital—one
of society’s important assets. But ES are becoming scarcer (Liu
et al., 2010). To resolve this, convincing society to recognize
the natural value is a challenge due to the lack of valuation.
ES valuation is the method to handle such this barrier with
the process of assessing ES contributions to sustainable scale,
fair distribution, and efficient allocation (Liu et al., 2010).
Because ES is a key concept often mentioned in the literature
of valuing nature (Yu et al., 2019). This aspect was rooted
since 1997 by Costanza et al., when they discussed the global
valuation of nature’s capital assets and ES (Costanza et al.,
1997; Vihervaara et al., 2010). Meanwhile, TD science, which
emerged from 1995 (Lynch et al., 2015;White et al., 2021) implies
the core idea of different academic disciplines working jointly
with non-academic partners (practitioners, local people) to solve
common problems (Guimarães et al., 2018; Margules et al.,
2020) (C2+ and C3+, respectively). Complex social-ecological
problems cannot be tackled in a sustainable manner if lacking
this strong relationship (Grima et al., 2017; Grove and Pickett,
2019; Edrisi and Abhilash, 2021). Interestingly, evaluation is
also a major issue in TDR discussions (Zscheischler et al.,
2018). Hence, in the ES science community, the developments
of TDA through participatory tools and methods explicitly are
promising (Carmen et al., 2018; Steger et al., 2021). In turn,
the characteristics of ES also are as a TD field (Costanza and
Kubiszewski, 2012; Steger et al., 2018).

FES are a fundamental part of ES (Martínez Pastur et al.,
2018; Oldekop et al., 2020). Yet forest ecosystems (FE)
degradation in both quality and quantity remain huge global
environmental challenges (Begemann et al., 2021), and lead
to serious consequences for society’s important assets (Liu
et al., 2010), especially in rural livelihoods of forest-dependent
areas (Pattanayak et al., 2006; Oldekop et al., 2020) (C1+).
Indeed, forests are linked to livelihoods in a globalized world,
as demonstrated not only by an extensive body of studies
(Oldekop et al., 2020), but also in the development of
national and international commitments across research and
policy communities, all of which need TDA (Gergel et al.,
2020). Forests are necessary to most of the SDG through
contributions to ES, green economic opportunities, social, and
environmental justice agendas. Forests are also linked to the
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FIGURE 1 | Overview of TDR for sustainability, synthesized from ProClim (1997), Pohl and Hirsch Hadorn (2007), Walter et al. (2007), Hadorn et al. (2008), Pohl

(2010), Stauffacher et al. (2010), Brandt et al. (2013), Ruppert-Winkel et al. (2015), Steelman et al. (2015), and Slater and Robinson (2020).

Paris Climate Agreement, the Aichi Biodiversity Targets and the
Post-2020 Global Biodiversity Framework. Besides, forests play a
meaningful role to the Bonn Challenge (to restore 350 million ha
of degraded lands globally by 2030), or the New York Declaration
on Forests (with 10 specific global forest goals). Through forest
protection, restoration and afforestation, forests remain a key
mechanism to mitigate climate change (Oldekop et al., 2020).
TDR is also crucial for implementing restoration on the ground
successful as expected in the vision of the UN Decade (2021–
2030) on Ecosystem Restoration (Gergel et al., 2020; Edrisi and
Abhilash, 2021; Fischer et al., 2021). In facts, the correlation
of forests to sustain human well-being and the relevant serious
threats have led to a substantial growth in FES research in the
last few years (Aznar-Sánchez et al., 2018). Because TDR includes
integrated processes from co-designing research agendas to co-
producing knowledge and co-disseminating the applications
with researchers, decision makers and stakeholders (Mauser
et al., 2013) through co-creation of win-win scenarios (Aryal
et al., 2022) to address challenges for global sustainability and
strengthening possible solutions (Mauser et al., 2013; Lynch
et al., 2015; White et al., 2021) (C6+). Therefore, considering
TDA in valuing FES and the consequent issues is getting more
scientific attention, i.e., in biodiversity and ecology conservations
(Pattanayak et al., 2006; Margules et al., 2020; Pardini et al.,

2021), ecosystem restoration (Futter et al., 2011; Edrisi and
Abhilash, 2021; Fischer et al., 2021), climate change crises
(Serrao-Neumann et al., 2015; Begemann et al., 2021; Chao
and Enari, 2021), diseases, as malaria (Pattanayak et al., 2006),
COVID-19 pandemic (Pardini et al., 2021), and forest livelihoods
(Pattanayak et al., 2006; Bodonirina et al., 2018).

THE CHALLENGES OF TDR IN VALUING
FES

ES science is now a well-defined and active (Costanza and
Kubiszewski, 2012) to bring TD teams together to attain societal
goals, because the ES framework provides a common language
for across research disciplines, among scientists, managers,
policy-makers worldwide (Quintas-Soriano et al., 2018; Steger
et al., 2018) and through global markets to communicate (Steger
et al., 2018). The authorship structure of ES is considered as
a TD field of scholarship (Costanza and Kubiszewski, 2012).
Although the link between ES and TDR has made relevant
advances, the promise that decision making will be decided
and conducted better by contributing from ES assessments has
not been proven (Saarikoski et al., 2018). The challenges of
TDR in valuing ES, including FES have been demonstrated
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in numerous studies. The first overarching challenge is that
TD empirical scholarship or applications have been uncommon
compared to TD conceptual scholarship (especially in developing
countries) (Steelman et al., 2015) or other forms (TDR calls,
argumentation, frameworks and methods) (Brandt et al., 2013)
(C5−). Astonishingly, expert perspectives are often used in
empirical studies, nonetheless, applying knowledge of the
experiences, attitudes, and motivations of a broader science-
practice community to TDR remains rare (Zscheischler et al.,
2018), with few exceptions (Boyle et al., 2021), while even ES
knowledge has not acted “as an impartial arbiter between policy
options” (Saarikoski et al., 2018) (p. 579) or most knowledge was
considered from modern science primary that has not opened
for increased dialogue between different ways of knowing such
as science and mysticism (Knapp et al., 2019). There are not any
application studies that classify the TD knowledge types in FES
research (C7−).

Regarding the non-academic stakeholders in TDR, several
scholars emphasized on the lack of human capital—a very
important factor which needs for further development of the
integrated approaches in the value of ES (Turner et al., 2015)
(C8−). Accordingly, this special factor also remains rare to
participate from problem definition to implementation, so
empowerment was rarely discovered within case studies of ES
research based on TDR (Brandt et al., 2013; Turner et al.,
2015; Knapp et al., 2019) (C6− and C8−). Decision-making
capacity of the non-academic stakeholders (“outcome”) is the
highest level of the evaluation model by societal effects in
TDR (C10−), yet so far, it is rare to find empirically based
analyses of the links between the quality of the research process
and the methods applied as well as the effects achieved (Lux
et al., 2019). Although a range of methodological efforts to
trace and describe the effects of TDR has been introduced,
its definitions in terms of the scope and different forms of
effects are inconsistent (Schäfer et al., 2021). Additionally,
social learning in TDCP (C9+) has achieved relevance, i.e.,
proposing generic mechanisms of impact generation for TDCP
of knowledge and sustainability transformations (Schneider
et al., 2019; Revez et al., 2022), or designing and testing a
TDR framework for TDCP through five focal areas (inclusion,
collaboration, integration, usability, and reflexivity) in three
research phases (formulate, generate, evaluate) (Polk, 2015),
etc., but there is rarely empirical TD evidence showing to FES
research (C9−).

Considering the research scales (C4), although TDR can be
implemented at all scales from local to global (Mauser et al.,
2013; Coggon, 2020; Jacobi et al., 2020; Zabaniotou et al., 2020),
the research cooperation network on FES in developed countries
was assessed to be much stronger than in developing regions

(Schomers andMatzdorf, 2013; Aznar-Sánchez et al., 2018;Wang
et al., 2021). The United States (USA), the United Kingdom
(UK), Australia, Germany, and China were the most productive
countries in ES and human well-being (Wang et al., 2021).
Interestingly, most of them (US, China, and UK) had the highest
number of publications in FES (Aznar-Sánchez et al., 2018).

CONCLUSIONS

Undoubtedly, TD is a new promising approach that has been
creating a significant attraction in the valuing ES since the 1990s
(Liu et al., 2010), but it has remained substantial downsides
and various challenges which show a high potential field to
develop for FES aspects and beyond. Therefore, developing the
achievements of TD research, i.e., increasing the scalability and
transferability of results into other contexts, addressing the lack
of legitimacy of TD outcomes, tracking scientific and societal
impacts are key topics for future studies (Lang et al., 2012;
Polk, 2015). Furthermore, although the role of TDA in ES
research is still under debate, more and more scholars have been
supporting this win-win relationship as an indisputable trend of
development to resolve complex issues at all scales, from local
to global.
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