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SUMMARY

In today's interconnected world, agricultural land use is influenced by distant drivers and actors, while
also having far-reaching sustainability implications extending beyond the boundaries of individual
farms. These implications significantly contribute to pressing sustainability challenges, including
climate change, biodiversity loss, and social inequalities. Recognizing this, scientists and policymakers
increasingly advocate for considering cross-scalar dynamics, including feedbacks and spillovers, to
define and govern sustainable agricultural practices. To address this need, the field of land system
science has introduced the concept of telecoupling, which provides a framework for conceptualizing,
studying, and communicating the intricate social-ecological interactions that influence land use
decisions and sustainability outcomes across distant regions.

This dissertation adopts a telecoupling lens to investigate the interface between sustainable
agriculture, sustainability governance, and science communication. More specifically, it aims to
provide knowledge for 1) developing an integrative and comprehensive approach to conceptualize
and operationalize sustainable agriculture in a telecoupled world, 2) a better understanding of the
governance of sustainable agriculture within a telecoupled world, and 3) enhancing the
communication of scientific knowledge on telecoupling phenomena through visuals. It places a
particular focus on the role of Voluntary Sustainability Standards (VSS) in governing spillovers of
agricultural land use.

These three objectives are addressed in six research articles, which utilize a combination of synthesis
and empirical research methods, including quantitative and qualitative approaches. The presented
synthesis research provides foundational knowledge for each objective, by integrating knowledge
from various disciplines through (systematic) literature reviews and interdisciplinary workshops. The
empirical research involved quantitative analyses of 100 agricultural standards' contents and
characteristics, as well as qualitative expert interviews using visual elicitation methods.

In contribution of objective 1, the dissertation highlights that in a telecoupled world, a comprehensive
notion of sustainable agricultural land use needs to explicitly consider spillover processes arising from
agricultural management practices and leading to impacts beyond the farm in nearby and distant
places. It offers practical tools and knowledge to aid researchers and policymakers in this quest, such
as a compilation of 21 socio-economic and environmental spillovers of agricultural land use and an
analytical framework to assess across scales the sustainability outcomes resulting from changes in
agricultural practices.

Spillovers can give rise to scale mismatches in the design of governance interventions, posing common
challenges in governing telecoupling phenomena and potentially undermining efforts to promote
sustainable agriculture. The dissertation explores the current practice of Voluntary Sustainability
Standards (VSS) in governing spillovers (contributing to objective 2). It reveals variations in the extent
to which standards regulate spillovers through their requirements. While environmental spillovers are
more extensively regulated, socio-economic spillovers appear to receive considerably less attention.
The study also identifies additional strategies for standard-setting organizations to integrate spillover
perspectives in their standard systems, such rescaling certification activities to the landscape level and
expanding the organization's portfolio beyond certification activities. Moreover, it identifies
significant barriers to implementing these strategies, which highlight the importance of incorporating
spillovers in strategic priority-setting within VSS systems, taking targeted actions at operational levels
and employing complementary measures across different governance interventions.

In contribution of objective 3, the dissertation shows the importance of effective science
communication in promoting the governance of sustainable agriculture in a highly interconnected
world. It demonstrates the potential of visuals as powerful tools for communicating knowledge about
complex telecoupling phenomena by employing them in qualitative interviews. The study further

vii



explores common practices and challenges associated with visualizing telecouplings, offering practical
recommendations for visually communicating such information in an accessible and effective manner.

The dissertation contributes to the field of land system science by providing a foundation for future
research and action in governing agricultural land use while considering sustainability implications at
both local and global scales. It draws attention to the importance of explicitly considering telecoupling
and spillover dynamics when sustainability standards are defined. It provides knowledge that may
assist standard-setting organizations in this process, by offering insights into different types of
spillovers, current VSS practices in regulating spillovers, and strategies to integrate spillover
perspectives into VSS systems. It emphasizes the need for ongoing discussions and research on the
nature, relevance and governability of spillovers and the complementary roles of various governance
instruments in promoting sustainability across scales. Furthermore, it underscores the significance of
effective communication, particularly through visual means, in facilitating dialogues at the science-
policy interface to develop effective governance approaches that address the pressing sustainability
challenges of our time.
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PART I:
RESEARCH DESIGN AND SYNTHESIS






1. Introduction

1.1 Background

In today’s highly interconnected world, the impacts and dynamics of agricultural land use often extend
beyond local and national boundaries (Clapp, 2015). For example, local demands for agricultural
products are increasingly being met by global supply chains. Hence, drivers of land agricultural land
use are increasingly disconnected from places of production (Friis and Nielsen, 2019; Laroche et al.,
2020). At the same time, the sustainability implications of agricultural practices can manifest well
beyond the farm level (Kissinger et al., 2011). For instance, intensive agriculture involving the
application of agrochemicals can result in water pollution downstream, affecting ecosystems and
communities in remote regions (Harrison et al., 2019; Sagasta et al., 2017). Moreover, job
opportunities in large farms can attract migrant workers from distant economies and societies,
creating social and economic implications beyond the local context (King et al., 2021; Rye and Scott,
2018). Agricultural land use thus plays a crucial role in many of the pressing global sustainability
challenges of our time (FAO, 2018; IPBES, 2019; IPCC, 2019).

Growing recognition of such interconnectedness among land systems shapes our understanding of
current sustainability challenges and guides our efforts to govern them (Eakin et al., 2017; Munroe et
al., 2019). Distant drivers of agricultural land use and related processes have thus received growing
scholarly attention in recent years (see e.g., Lambin and Geist, 2006; Meyfroidt et al., 2013; Niewdhner
et al., 2016; Seto et al., 2012). Similarly, scholars and policymakers alike are highlighting the need to
identify and consider the distant implications of land use in sustainability governance. For instance,
Pascual et al. (2017) argue that global ecosystem assessments often fail to account for the distant,
diffuse and delayed impacts of land use, while Képpel (2019) points to similar shortcomings in project-
based impact assessments. Moreover, recent high-level policy reports have emphasized the
importance of considering connections between distant places for achieving sustainable development
goals (Independent Group of Scientists appointed by the Secretary-General, 2019; IPBES, 2019; Sachs
et al., 2020).

In the field of land system science, the concept of telecoupling has gained traction as an approach to
investigating and communicating about such distal land use interactions. The telecoupling framework
has been proposed for study of socio-economic and environmental interactions across distant regions
(Liu et al., 2013). It is intended to help break down complex, globalized land change dynamics into
more manageable units of analysis (e.g., ‘systems’ and ‘flows’) (Eakin et al., 2014; Friis and Nielsen,
2017a; Liu et al., 2013). The telecoupling concept and its proposed framework are commonly used to
investigate sustainable agriculture in an interconnected world (Eakin et al., 2017; Garrett and Rueda,
2019; Rulli et al., 2019). Through the adoption of a telecoupling lens, valuable insights can be gained
into the networked dynamics shaping the distant drivers and implications of agricultural land use;
thereby, the development of governance strategies that foster sustainable agriculture across different
scales can be informed (Eakin et al., 2014; Lenschow et al., 2016).

1.2 Knowledge gaps

Against this background, this section introduces the main knowledge gaps that this dissertation aims
to address. They revolve around three main themes: ‘telecoupling & sustainable agriculture’,
‘telecoupling & sustainability governance’ and ‘telecoupling & science communication’.

Telecoupling & sustainable agriculture

In a telecoupled world, agricultural production affects sustainability across various scales, significantly
impacting both the environment and human wellbeing (Levers and Miiller, 2019). This occurs through
spillover processes that link land use practices or interventions with their impact elsewhere (Meyfroidt



et al., 2020, 2018). Examples of spillovers of agricultural land use include both environmental and
socio-economic processes, such as nutrient runoff into nearby water bodies through excessive
fertilizer use (Andrade et al., 2021; Rashmi et al., 2020), pesticide spray drift beyond the target area
(Cech et al., 2023; Linhart et al., 2019), knowledge transfer among farmers (Albizua et al., 2021; Mills
et al., 2019) and displacement of small-scale farmers through large-scale commercial agriculture
(D’Odorico et al., 2017; Zaehringer et al., 2018).

In a recent article that synthesizes knowledge from the field of land system science, Meyfroidt et al.
(2022, p. 4) emphasize that ‘managing [...] spillover impacts is often more significant than addressing
direct impacts’. This highlights the critical role of understanding and addressing the processes that
extend sustainability impacts beyond the immediate boundaries of agricultural activities. However,
spillovers and their impacts tend to be less visible and less comprehensively understood than on-farm
processes and direct impacts (Challies et al., 2019; Meyfroidt et al., 2022). Moreover, a large range of
conceptual and disciplinary perspectives exist in spillover research, making it difficult to establish a
unified and consistent usage of the term (Lewison et al., 2019; Truelove et al., 2014).

Significant progress has been made recently in terms of conceptualizing land use spillovers (Liu et al.,
2018; Meyfroidt et al., 2020) and identifying, characterizing and quantifying them (Deininger and Xia,
2016; Fuller et al., 2019; Heilmayr et al., 2020; Leijten et al., 2021; Pfaff and Robalino, 2017). However,
despite these advancements, important gaps remain. Scientists have called for more research on the
different mechanisms through which spillovers occur and for the development of tools and
methodologies for effectively assessing the relevance of individual spillovers (Liu et al., 2018, 2015;
Meyfroidt et al., 2020, 2018). Specifically, to assess and inform the current governance practices of
spillovers related to sustainable agriculture, further efforts to conceptualize and operationalize
spillovers of agricultural land use are needed. This entails a comprehensive overview of spillover
processes and their consequences across multiple scales, taking into consideration the environmental,
social and economic dimensions. Existing research has primarily focused on investigating individual
spillovers of agricultural land use or a subset thereof (see e.g., Blitzer et al., 2012; Lewis et al., 2011;
Plowright et al., 2021; Tscharntke et al., 2005; Xia and Deininger, 2019; Zimmerer et al., 2018). There
is thus a clear need for integrated frameworks geared towards synthesizing knowledge from various
disciplines and providing a holistic and comprehensive approach to sustainable agriculture in a
telecoupled world.

Telecoupling & sustainability governance

To foster sustainable agriculture within a telecoupled world, effective governance interventions are
essential. However, existing research has highlighted the complexities and various challenges
associated with governing telecoupling phenomena toward sustainability, including diverging
interests and power asymmetries among distantly located actors, high transaction costs for cross-
border collaboration, and policy incoherence (Challies et al., 2019; Munroe et al., 2019; Newig et al.,
2020; Oberlack et al., 2018).

Many of these challenges stem from issues of scale (Challies et al., 2019). Spatial scale mismatches, in
particular, pose a significant challenge in relation to agriculture (Pelosi et al., 2010). They indicate
situations where the spatial scale of governance interventions are not aligned with the scale of the
sustainability impacts they seek to address (Cumming et al., 2006). As spillovers are frequently
disregarded in the design of governance interventions, they can contribute to such misalignments and
undermine their effectiveness (Liu et al., 2018). Existing research calls for a better understanding of
current governance efforts targeting telecoupling phenomena, including the development of
approaches that can effectively bridge spatial gaps (Challies et al., 2019; Lenschow et al., 2016). As
suggested by Cotta et al. (2022), adopting a problem-centered approach is thereby essential. This
approach entails first identifying the pertinent telecoupled dynamics and their adverse sustainability
impacts across distances and then assessing the extent to which existing governance interventions



address these dynamics (as opposed to focusing only on the interventions and their governance
range).

Voluntary Sustainability Standards (VSS), also often referred to as certification schemes or eco-labels,
are private governance interventions frequently discussed in the context of telecoupling governance
and sustainable agriculture (Eakin et al., 2017, 2014; Lenschow et al., 2016). They, along with other
supply chain initiatives (e.g., company pledges or codes of conduct), have emerged to govern supply
chain flows where public instruments have limited spatial reach (Byerlee and Rueda, 2015; Lambin et
al., 2018). Despite implementation challenges and mixed results on the ground (see e.g., DeFries et
al., 2017; Dietz et al., 2022; Meemken et al., 2021; Oya et al., 2018), VSS remain popular instruments
to define and promote sustainability practices in agriculture (ITC, 2021; OECD, 2022).

Newig et al. (2019) propose three perspective on governance and telecoupling interactions:
governance can 1) coordinate telecoupling flows, 2) induce telecouplings, or 3) respond to
telecouplings. VSS play a role in all three aspects. They shape and coordinate telecoupling flows along
the agricultural supply chain, induce spillovers impacting sustainability beyond their immediate scale
of intervention, and respond to telecoupling dynamics by incorporating negative externalities or
spillovers into their standards. However, existing research on VSS and telecoupling has predominantly
taken the first perspective, discussing VSS in terms of their ability to coordinate and regulate supply
chain flows (Eakin et al., 2014; Munroe et al., 2019; Newig et al., 2020; Sikor et al., 2013). For instance,
researchers have investigated how VSS link and influence different actors along the supply chain (e.g.,
producers and consumers) through flows of information (Carrasco et al., 2017; da Silva et al., 2019;
Marola et al., 2020). Research exploring the potential of VSS to induce telecoupling dynamics with
implications for sustainability beyond their main scale of intervention is, however, limited (besides
Heilmayr et al., 2020). Furthermore, the response of VSS to telecoupling dynamics (e.g., by regulating
them through their standard requirements) has also received little attention in scientific literature.

While VSS operate along supply chain flows, their implementation is primarily place-based. VSS
requirements typically outline actions at the farm level, and therefore, their compliance is also
assessed at that level. However, there are knowledge gaps concerning the extent to which VSS
regulate spillovers from agricultural land use that extend beyond their primary scale of intervention.
Investigating these knowledge gaps could help to identify potential spatial scale mismatches in the
design of VSS and develop strategies to tackle them. Therefore, further research is needed to examine
the current practices, as well as the opportunities and challenges for VSS in addressing spillover
processes and their sustainability impacts across different scales.

Telecoupling & science communication

In the pursuit of effective governance for sustainable agriculture beyond scale, the significance of
fostering an engaged dialogue between academia and practitioners has emerged as a central theme
(Dinesh et al., 2018; Zeigermann, 2021). Clear and impactful communication of scientific knowledge
on telecoupling phenomena is therefore key. As policymakers are increasingly recognizing the
importance of adopting a telecoupling lens to govern sustainability challenges, it is essential to
establish effective mechanisms for communicating the produced scientific knowledge in an accessible
and practical manner to both the scientific and non-scientific audience. While many scientific efforts
have focused on applying the telecoupling framework in specific contexts (see e.g., Hulina et al., 2017,
Liu et al., 2014; Waloven et al., 2023), relatively little attention has been paid to communicating the
results of telecoupling research. While the translation of scientific evidence into accessible and
actionable information for informing decision-making is a challenge for any discipline, it can be
particularly demanding for research that deals with complex, uncertain and multi-dimensional
dynamics (Arnott and Lemos, 2021; Fischhoff and Davis, 2014; von Winterfeldt, 2013; Watson, 2005).
Effectively communicating the knowledge generated from telecoupling research, which often
addresses intricate and multi-scalar land change dynamics, remains a challenge (Zaehringer et al.,
2019).



Visualizations can play a key role in the process of sharing scientific information in the science-policy-
society nexus (Grainger et al., 2016; Lorenz et al., 2015; Mclnerny et al., 2014). They are powerful tools
for engaging users with unfamiliar, complex or intangible concepts (Lima, 2011; Mclnerny, 2013). In
the field of land system science, visual representations have been widely used to conceptualize and
analyse telecoupling phenomena and to communicate research findings within and beyond the
scientific domain. For instance, spatially explicit tools have been developed or used to identify and
map components of the telecoupling framework (Kacaw and Tsai, 2023; McCord et al., 2018; Tonini
and Liu, 2017). Despite the widespread use of visuals in the telecoupling research community, there
are knowledge gaps in the visual communication of scientific knowledge on telecoupling phenomena.
Producing accessible and unbiased visuals from complex subject matters is challenging and requires
an informed and carefully reflected visualization design process (Grainger et al., 2016; Mclnerny et al.,
2014). A comprehensive understanding and clear guidelines for visualizing telecoupling dynamics are,
however, lacking, along with reflection on the underlying assumptions and potential biases associated
with visual design (Banitz et al., 2022; Spiegelhalter et al., 2011). Furthermore, the exploration of novel
and innovative approaches to communication, such as the use of visualizations and engaging dialogue
between academia and practitioners, is crucial to enhance the understanding and application of
telecoupling concepts in real-world contexts (Zaehringer et al., 2019).

1.3 Research objectives

This dissertation addresses the knowledge gaps identified in the previous section through three
primary research objectives, as outlined in Figure 1. These three objectives are interconnected.
Objective 2 provides the central theme of this dissertation, aiming to contribute knowledge on the
effective governance of sustainable agriculture in a telecoupled world. Specifically, it focuses on
spillovers of agricultural land use and their governance through sustainability standards. Objective 1
contributes to this objective by providing the conceptual foundations on sustainable agriculture in a
telecoupled world, which are then used to investigate current practices of VSS in governing spillovers.
Objective 3 serves to generate knowledge that facilitates communication on telecoupling phenomena
at the science-policy-society interface, both within and beyond the scope of this dissertation.

3 Telecoupling & Sustainable agriculture

>

3 This dissertation aims to provide knowledge towards an integrative and comprehensive

% approach to conceptualizing and operationalizing sustainable agriculture in a telecoupled world.
o

g Telecoupling & Sustainability governance

>

$  This dissertation seeks to examine the current practice, as well as the opportunities and
;%' challenges, of Voluntary Sustainability Standards in governing spillovers of agricultural land
e use in a telecoupled world.

Q Telecoupling & Science communication

‘8' This dissertation seeks to investigate and enhance the visual communication of scientific knowledge
g on telecoupling phenomena.

Figure 1: Research objectives



2. Research approach and methodology

2.1 Overview of research articles

This dissertation presents the following six scientific articles.

| Developing context-specific Diogo V, Helfenstein J, Mohr F, Varghese Environmental Published
indicator frameworks for V, Debonne N, Levers C, Swart R, Science and (2022)
sustainability assessment of Sonderegger G, Nemecek T, Schader C, Policy
agricultural intensity change: an  Walter A, Ziv G, Herzog F, Verburg P, Birgi
application for Europe M

Il Towards spatial fit in the Coenen J, Sonderegger G, Newig J, Ecology & Published
governance of global Meyfroidt P, Challies E, Bager SL, Busck- Society (2023)
commodity flows Lumholt LM, Corbera E, Friis C, Pedersen

AF, Laroche PCSJ, Parra Paitan C, Qin S,
Roux N, Zahringer JG

Il Why telecoupling research Boillat S, Martin A, Adams T, Daniel D, Journal of Published
needs to account for Llopis J, Zepharovich E, Oberlack C, Land Use (2020)
environmental justice Sonderegger G, Bottazzi P, Corbera E, Science

Ifejika Speranza C, Pascual U

IV Governing spillovers of Sonderegger G, Heinimann A, Diogo V, Earth System  Published
agricultural land use through Oberlack C Governance (2022)
voluntary sustainability
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Table 1: List of scientific articles presented in this dissertation
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2.2 Research design

The six scientific articles collectively contribute to addressing the dissertation's three objectives (see
Figure 2). Article | investigates how changes in agricultural practices affect sustainability outcomes at
different scales, providing knowledge for operationalizing sustainable agriculture within a telecoupling
context (objective 1). Articles Il and Ill focus on identifying and discussing telecoupling governance
challenges, particularly those related to spatial scale misfits and environmental justice, thereby
contributing to objective 2. Building upon these findings, Article IV delves into the governance of
sustainable agriculture in a telecoupling context, with a specific emphasis on examining spillovers of
agricultural land use and voluntary sustainability standards (addressing objectives 1 and 2). This article
particularly focuses on addressing challenges associated with a specific type of scale mismatches
known as boundary mismatches (as identified in Article Il). Article V explores effective visual
communication of telecoupling knowledge, thus making a significant contribution to objective 3.
Finally, Article VI integrates the insights derived from previous studies, utilizing visualizations to
investigate how sustainability standard systems can be transformed to foster sustainability beyond
the farm level (contributing to objectives 2 and 3).

Figure 2: Overview of research articles and their contribution to the research objectives. First authored
articles are marked in dark blue, co-authored articles in light blue.
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2.3 Methodological approach

This PhD research employs an integrative research design that combines synthesis and empirical
research and makes use of both quantitative and qualitative methods. Figure 3 presents an overview
of the different methods used and indicates how they contribute to the research objectives. It shows
that this dissertation presents a combination of synthesis and empirical research, with the synthesized
knowledge informing the empirical research. The following sections provide more information about
the methodological approaches used in this study. A more detailed account is provided in the different
research articles and their Appendices.
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Figure 3: Methodological overview of research articles. First authored articles are marked in dark blue,
co-authored articles in light blue.

Synthesis research

Synthesis methods are commonly used in the field of land system science, e.g., to integrate research
contributions on land use change in different localities and on different scales (Magliocca et al., 2018,
2015; van Vliet et al., 2016). Synthesis research can be used to integrate and distil evidence from
disciplinary and methodologically diverse sources (Magliocca et al., 2015). It is particularly useful in
the context of telecoupling research, as the telecoupling framework is designed to integrate
knowledge from different disciplines (Friis et al., 2016; Liu et al., 2013). Several comprehensive review
studies have been conducted on telecoupling research, synthesizing both research practice and
content (Busck-Lumholt et al., 2022; Corbera et al., 2019; Cotta et al., 2022; Kapsar et al., 2019).

For this study, my article co-authors and | conducted synthesis research that contributed to each of
the three research objectives (see Figure 3). It served to integrate knowledge from various disciplines
and research practices in order to provide an overarching understanding of the links between
telecoupling and the themes of sustainable agriculture, sustainability governance and visual science
communication. For Article |, a comprehensive, stepwise literature review for informing sustainability
assessments of agricultural practices, taking account of the telecoupling context, was conducted.
Furthermore, two literature reviews were performed in order to inform the interface of telecoupling
and sustainability governance, drawing on insights from environmental governance literature on scale
mismatches (Article Il) and environmental justice scholarship (Article Il1).

We also conducted a systematic review that synthesized existing knowledge about the use of visuals
in order to communicate telecoupling research (Article V). Systematic reviews involve a systematic
search, appraisal and synthesis of scientific evidence, allowing an assessment of the current state of
knowledge or practice in a field of research (Grant and Booth, 2009; Petticrew and Roberts, 2006). We
systematically selected and reviewed 118 visualizations presented in 62 scientific articles on
telecoupling. Our study was particular in the sense that we did not review the text provided within
the articles, but rather their visualizations. We applied a network perspective to code and analyse
these articles in terms of their visualization content and adopted visualization techniques. This
synthesizing approach allowed us to develop a comprehensive understanding of the way visuals are
used in the telecoupling research community and to identify opportunities for improving the current
practice.



Empirical research

Building on the knowledge derived from synthesis research, we conducted empirical research in order
to address our research objectives further. We applied this to the case of Voluntary Sustainability
Standards (VSS) and combined quantitative and qualitative research methods.

We used quantitative methods to generate empirical evidence about the inclusion of telecoupling
dynamics in VSS contents (Article 1V) and practice (Article V1), based on a large sample of VSS. To do
so, we used data from the Standards Map database of the International Trade Centre (ITC). The
Standards Map (https://standardsmap.org/) provides extensive information on more than 300
sustainability standards in the fields of sustainable trade and production (ITC, 2023). The platform
aims to support practitioners in navigating and understanding the dynamic landscape of sustainability
standards. We used this database as it is the most comprehensive and standardized dataset on
sustainability standards. It contains 1,650 variables per standard; these provide detailed information
about the standards’ content, as well as the characteristics and performance of the overall standard
systems. Furthermore, the database is frequently updated, with the data collection process applying
a defined procedure that involves checks by external experts and interactions with the respective
standard organizations. Collaborative exchanges with the team managing the database facilitated the
adequate use and correct interpretation of the data.

For Article IV, we performed a coverage analysis of VSS contents in order to assess the extent to which
standards regulate processes affecting sustainability beyond the farm level (see Bissinger et al., 2020;
Blankenbach, 2020; Dietz et al., 2018; Elder et al., 2021; Potts et al., 2014 for similar methodological
approaches). We analysed data on the detailed contents of 100 agricultural VSS, focusing on their
coverage of 21 environmental and socio-economic spillovers of agricultural land use (see section 3.2
for information about the concept of ‘spillovers’). To this end, we coded 445 VSS content categories,
then aggregated the relevant ones and calculated the VSS coverage for individual spillovers (see Article
IV in Part Il for more details). In addition, we analysed ITC data regarding the characteristics of VSS
systems (e.g., on standard-setting procedures, stakeholder participation and verification mechanisms)
to reveal insights into current practice in VSS systems (see Articles IV and VI).

We further conducted expert consultations (Article IV) and qualitative online interviews with key
experts on VSS and representatives of standard-setting organizations (Article VI). These semi-
structured interviews were conducted online between July 2021 and April 2022. They served to
provide insights on existing VSS practice and to produce transdisciplinary knowledge about entry
points and barriers in terms of integrating spillover perspectives into VSS systems. We used visual
elicitation methods to stimulate and structure the interview discussions (Bagnoli, 2009; Bravington
and King, 2018; Crilly et al., 2006; Salmons, 2016). To this end, we developed visualizations that were
intended to facilitate communication with our respondents about the rather abstract and, to them,
still unknown concepts of ‘telecoupling’ and ‘spillovers’. We thereby drew on insights gained from the
previous systematic review study on telecoupling visualizations (Article V). We then used other
graphics as visual stimuli and a guiding frame for the interview section on entry points and barriers.
Interview questions directly related to the content of the presented visuals. Furthermore, the
respondents actively contributed to knowledge creation by sharing feedback and suggestions
regarding the visualization content and design. We thus developed the visuals using an iterative
process, continuously adjusting them based on newly received expert input.


https://standardsmap.org/

2.4 Limitations

In this section, | discuss some of the limitations of the chosen research design and methodological
approaches employed in this study. More specific limitations associated with the data and
methodologies used in the individual research articles are outlined in Part Il of the dissertation.

First, it is important to note that the COVID-19 pandemic has significantly affected the research design
by considerably limiting the possibilities for conducting fieldwork (see Box I). As a result, the research
design did not incorporate qualitative, on-the-ground investigations that would have otherwise
contributed to research objective 1, as originally planned. Alternatively, this dissertation focused on
generating generalized knowledge regarding the conceptualization and operationalization of
sustainable agriculture in a telecoupled world, based on the review of existing literature and expert
consultations (see Article | and IV). In principle, this knowledge could then be applied to investigate a
variety of contexts. However, research is still needed to refine and test the validity and applicability of
the proposed concepts and methodological approaches in specific contexts.

Moreover, while this study emphasizes the importance of prioritizing spillovers in a governance
context, it does not necessarily prescribe which types of spillover are the most relevant to be
governed. This is a deliberate omission, given that not only the relative importance of different types
of spillover processes is highly context-dependent (e.g., depending on their specific social-ecological
features), but also because | endorse that such decisions should be taken within the context of
deliberative processes involving local actors and relevant stakeholders. Nevertheless, the insights
presented regarding the conceptualization and operationalization of sustainable agriculture aim to lay
a foundation for informing future scientific advancements and societal debates in this direction.

Finally, it is important to acknowledge that the empirical research conducted for objective 2 had a
relatively limited scope, focusing solely on a single governance instrument, i.e., VSS. Similarly, the
insights provided on the communication of scientific knowledge regarding telecoupling phenomena
primarily focused on visual communication. | chose to concentrate on prominently used instruments
and considering the large sample sizes in both cases (a significant share of existing agricultural VSS in
Article IV and all relevant telecoupling visualizations in Article V), | am confident in the generalizability
of the results within the selected scope of this research. However, further research is crucial to explore
the role of other governance instruments and alternative communication tools in the context of
telecoupling.

Box | — Study context: COVID-19 pandemic and its effects on the study design and methods

This study was largely conducted during the COVID-19 pandemic, with official travel restrictions and
limitations regarding personal interactions in place from spring 2020 until the end of 2022. These
circumstances largely affected the research design and methodological choices. Initially, it was
planned that this dissertation research would involve intensive case study research in Laos on
spillovers related to coffee production and the governance thereof. However, the first lockdowns
hit the world in the week of the planned start of my field trip to Laos. Uncertain times followed,
with continued restrictions, resulting in an eventual realization that fieldwork would not be possible
within the timeframe of the study. Consequently, we had to adjust the research content and design
considerably, primarily focusing the empirical component of the dissertation on the analysis of
secondary data. Furthermore, we used qualitative online interviews to collect primary data for
Article VI.




3. Conceptual approach

This dissertation is situated in land system science, an interdisciplinary and integrative field of study
focusing on socio-ecological land systems (Verburg et al., 2013). In particular, it draws on two concepts
prominently used in land system science to research interactions among land systems: ‘telecoupling’
and ‘spillovers’ (Meyfroidt et al., 2022; Verburg et al., 2015). Both concepts serve to analyse nearby
or distal linkages between land systems (thereby predominantly focusing on geographic distance).
However, they differ in their analytical focus and approach. While the telecoupling concept and its
proposed framework allow scholars to conduct comprehensive analyses of interconnected land
systems, the spillover concept is better suited for analyzing specific systems or flows and the processes
through which they impact nearby or distant land systems (Liu et al., 2018, 2013; Meyfroidt et al.,
2020).

This dissertation uses both concepts in a complementary way (see Figure 4). In Articles Ill and V,
telecoupling serves as a heuristic lens to explore the research and communication of phenomena
related to distal linkages among land systems. Article Il investigates the governance challenges for
telecoupling phenomena, thereby pointing to spillovers as key mechanisms driving those challenges.
In Articles | and IV, we apply the spillover concept to identify the processes through which farm-level
activities impact sustainability in nearby and distant places. Additionally, we examine the role of VSS
in addressing spillovers, as presented in Articles IV and VI.

In the following sections, | introduce the two concepts in more detail. | present their distinct
conceptualizations and applications within the field of land system science, while also outlining their
specific application in this dissertation.

Telecoupling Spillovers
Article |
Article Il
Article Il Article IV
Article V —
Article VI

Figure 4: Conceptual overview of research articles. First authored articles are marked in dark blue, co-
authored articles in light blue. Design by PresentationGO.

3.1 Telecoupling

Telecoupling is an umbrella concept that offers a framework to investigate the complex, multi-scalar
and multi-actor processes that affect land change (Eakin et al., 2014; Liu et al., 2013). Telecoupling
phenomena refer to socio-economic and environmental interactions over distance (Liu et al., 2019,
2013). By integrating perspectives from both place-based and flow-based approaches, and
incorporating insights from actor-network research, the concept of telecoupling facilitates a dynamic
and interdisciplinary analysis of the interconnected relationships between socio-ecological systems
across distant locations (Eakin et al., 2014; Friis and Nielsen, 2017b; Liu et al., 2013).
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Over the past decade, the telecoupling concept has gained significant traction across diverse
disciplines, serving as a promising framework for understanding and analysing a wide range of distal
human-environment interactions (Hull and Liu, 2018; Kapsar et al., 2019). Examples include
transnational land deals (Friis and Nielsen, 2017b; Oberlack et al., 2018; Rulli et al., 2019), international
conservation efforts (Carmenta et al., 2023; Kuemmerle et al., 2019; Persson et al., 2022) and the
soybean trade (Garrett et al., 2013; Gasparri et al., 2016; Silva et al., 2017). Moreover, in alignment
with the focus of this dissertation, numerous studies have employed the concept of telecoupling to
investigate agricultural production and value chains (see e.g., Eakin et al., 2017, 2009; Friis and
Nielsen, 2017b; Garrett and Rueda, 2019; Rulli et al., 2019; Zimmerer et al., 2018).

Friis et al. (2016) have identified two main approaches in existing telecoupling research. First, some
studies have adopted a more structured application of the telecoupling framework as presented by
Liu et al. (2013). In these studies, the various components of telecouplings — including systems, flows,
agents, causes and effects —are systematically identified and analysed. Secondly, telecoupling has also
been employed as a heuristic tool in certain studies. As a heuristic, telecoupling serves as an analytical
lens that allows land use scientists to identify and capture the cross-scalar and networked interactions
that influence and are influenced by local land use phenomena (Eakin et al., 2014). In the context of
this dissertation, the telecoupling concept will be utilized as a heuristic. By adopting this approach, we
have employed telecoupling as an analytical lens to investigate agricultural land use phenomena and
their implications beyond the farm level. Moreover, we have examined governance approaches that
aim to foster sustainability within this context.

3.2 Spillovers

The scientific contributions of telecoupling research have brought attention to the spillover concept
in land system science (Eakin et al., 2014; Liu et al., 2018, 2013). In the Collins English Dictionary, the
word ‘spillover’ is defined as follows: ‘A spillover is a situation or feeling that starts in one place but
then begins to happen or have an effect somewhere else’ (Collins Dictionary, 2021). Fundamentally,
spillovers are thus causal mechanisms that link two distinct places. Yet the definitions and uses of the
concept vary widely, as it is used in a large variety of scientific fields, ranging from health sciences
(e.g., on disease spillovers (FAO et al., 2020; Plowright et al., 2021; Power and Mitchell, 2004)) to
business psychology (e.g., on knowledge spillovers of entrepreneurship (Acs et al., 2013; Lattacher et
al., 2021)) and sociology (e.g., on social movement spillovers (Meyer and Whittier, 1994)). In addition,
a range of related concepts also refer to cross-scalar processes and their impacts (e.g., externalities,
spatial slippage and displacement processes). Article IV presents an overview thereof.

Within the field of land system science, two main approaches exist for conceptualizing spillovers. In
their telecoupling framework, Liu et al. (2018, 2013) propose the notions of ‘spillover systems’ and
‘spillover flows’ as distinct units of analysis, alongside the so-called sending and receiving systems of
a telecoupling flow (Figure 5a). Spillovers are thus defined in reference to a specific telecoupling flow
that connects two distal socio-ecological systems. Another stream of literature uses a different
starting point to define spillovers: a focal system that is linked to other systems through spillover
processes (Figure 5b). In reference to land-use spillovers, Meyfroidt et al. (2020, 2018) define them as
processes by which direct interventions or changes in land use in one place have impacts on land use
in another place. Hence, in sum, spillovers are either defined in reference to a telecoupling connection
(e.g., a commodity supply chain) or a focal system (e.g., a river basin or farm). In this study, we have
investigated the governance of spillovers through VSS (Articles IV and VI). We have thereby defined
and identified spillovers in reference to the farm system, as it is the primary unit of intervention of
most VSS. We have thus built on the approach presented in Figure 5b.

11



Spillover

a) Telecoupling flows b) processes
Sending , Receiving Focal ————— Spillover
system system ST system
\ ’ 1, \\ Spillover
A 4 I spillover \\\processes
Spillover \\ "' Spillover processes \\
flows £ » flows * \\
Y
Spillover Spillover Spillover
system system system

Figure 5: Different approaches to defining spillovers in land system science. a) Spillovers (in red) are
defined in relation to a telecoupling process between a sending and receiving system (in blue) (based
on Liu et al., 2013). b) Spillovers (in red) are defined in relation to a specific focal system (in blue)
(based on Meyfroidt et al., 2018, 2020).

The concept of spillovers is commonly used to investigate whether and how specific governance
interventions address externalities that take effect beyond their direct place of intervention (Dou et
al., 2018; Garrett et al., 2019; Giudice et al., 2019; Heilmayr et al., 2020; Leijten et al., 2021). In their
study on the effectiveness of sustainability initiatives, Garret and Pfaff (2019) distinguish between
three types of spillovers: spillovers occurring across space, time and objectives. This dissertation
focuses on spatial spillovers due to their relevance in the context of VSS. An important form of spillover
is referred to as ‘leakages’ (Meyfroidt et al., 2020). Leakages are characterized by the unintended
displacement of impacts caused by a governance intervention, which subsequently reduces the overall
benefit of the intervention (Bastos Lima et al., 2019; Meyfroidt et al., 2018, 2013). Additionally, Bastos
Lima et al. (2019) introduce the term ‘boosting effects’ to describe related positive dynamics that
enhance the benefit of the intervention. Article VI distinguishes three types of spillovers relevant in
the context of agricultural VSS. One (i.e., spillovers of VSS adoption and implementation) considers
the dynamics of leakages and boosting effects. Article Il furthermore identifies spillovers and leakages
as key mechanisms driving boundary mismatches in the governance of telecouplings.
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4. Key insights of the research articles

This chapter summarizes the main insights of the six articles presented in part Il of this dissertation
(see Table 1 in section 2.1 for a list of the articles and Figure 2 in section 2.2 for an overview of their
contribution to the overall study objectives). A comprehensive list of references and secondary data
sources is provided in the respective scientific articles.

4.1 Article I: Developing context-specific indicator frameworks for sustainability
assessment of agricultural intensity change: an application for Europe

Article | investigates how changes in agricultural intensity lead to sustainability outcomes at multiple
scales (contributing to objective 1). It takes a comprehensive approach to sustainable agriculture,
considering spillover processes and their environmental and socio-economic effects beyond the farm
level.

The article makes conceptual and analytical contributions in support of sustainability assessments of
agricultural intensity change. It reveals how changes in agricultural practices affect sustainability
across geographic scales and societal groups (see Figure 6). To this end, it presents the key socio-
ecological processes (i.e., different types of socio-ecological flows and socio-ecological interactions,
as well as ecosystem functioning processes) through which changes in agricultural intensity affect
sustainability. It thereby distinguishes between several hierarchically nested scales of analysis (i.e.,
agricultural field, landscape, regions and the global earth system). These insights are taken up in
Article IV to define spillovers and operationalize the linkages across scales that they entail.
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Figure 6 (reproduced from Article I): Geographical scales and organizational levels of analysis for
sustainable assessment of agricultural intensity change.
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The article further proposes an approach to developing context-specific frameworks for integrated
sustainability assessments of agricultural intensity change. It provides a systematic rationale for
identifying context-specific themes, indicators and scales of measurements for assessing the
sustainability outcomes of agricultural practices. This process is based on the explicit identification
and communication of relevant system boundaries, socio-ecological processes and actor groups. The
proposed approach is therefore not meant as a ‘one-size-fits-all' method, but rather a dynamic
decision-support tool for identifying and selecting indicators in view of the overall context, scope and
purpose of the analysis.

The study applies the proposed approach to the context of Europe, hence developing a multi-scale
indicator framework for assessing sustainable intensification in Europe. It identifies 13 mechanisms of
agricultural intensity change (e.g., input intensity change, specialization, capital intensity change, and
income diversification). It further reveals processes and effects that are rarely considered in
sustainability assessments. Examples include farmers’ health, workers’ living conditions, rural
communities’ cultural heritage and sense of place, impacts on sectors not directly related to
agriculture (e.g., tourism), shrinking and ageing of rural population, and consumers’ health.

The comprehensive, integrative and context-sensitive understanding of sustainable agriculture
presented in this article is aligned with the approach taken in Articles IV and VI. Furthermore, the in-
depth knowledge provided on the way (changes in) agricultural practices affect sustainability on
multiple scales contributes to Article IV (and vice-versa). It helped to conceptualize and operationalize
spillovers of agricultural land use. Moreover, it served the coding process conducted as part of the
coverage analysis of VSS requirements, which required a detailed understanding of the linkages
between agricultural practices and potential spillover effects.

4.2 Article Il: Towards spatial fit in the governance of global commodity flows

Article Il presents insights into the governance challenges of telecoupled agricultural commodity flows
between distally connected social-ecological systems. It contributes to objective 2 of this dissertation.
The article argues that the governance of telecoupled systems is beset with problems of spatial fit. It
reveals important challenges regarding the design and implementation of governance institutions in
terms of matching the spatial scale of the environmental and social problems generated through
telecoupled commodity flows. It thereby draws on literature from the field of environmental
governance, focusing on examples of global agricultural commodity flows.

The study provides novel conceptual insights regarding governance fit in telecoupled systems. It
identifies two overarching types of governance mismatches: boundary mismatches and resolution
mismatches (see Table 2). Boundary mismatches point to inadequate spatial extents on the part of
governance interventions, where their institutional design fails to cover the full scale of the
sustainability challenges targeted. Spillovers and leakages (a particular form of spillovers) are the
mechanisms that drive such boundary mismatches (see section 3.2 for more information). Resolution
mismatches refer to a lack of spatial precision in governance interventions, where governance
institutions have too coarse a resolution to address the sustainability problems targeted.
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Boundary mismatch

Resolution mismatch

do not govern a social-
ecological problem that
expands beyond their
administrative or
jurisdictional
boundaries

address a social-
ecological problem but
create leakage(s), i.e.,
counterproductive
effects outside the
targeted area or domain
of the intervention

Definition® Governance institutions neglect social-ecological Governance institutions have too
problems that transcend established administrative | coarse a spatial resolution to address
or jurisdictional boundaries the social-ecological problems at

hand

Underlying Lack of governance extent Lack of governance precision

problem

Mechanism Spillover Leakage Panacea trap

Description Governance institutions | Governance institutions Governance institutions are not

specific enough to be effectively
implemented and enforced

Example from
a public policy
perspective

European countries
have not (yet)
implemented specific
public policies to
mitigate the
deforestation effects of
their demand for soy in
remote jurisdictions

A forest moratorium
shifts deforestation to
neighbouring areas or
other countries,
producing negative
externalities in distant
jurisdictions

A Multilateral Environmental
Agreement that is too broad in scope
to govern particular telecoupled flows

Example from
a private
governance
perspective

A Voluntary
Sustainability Standard
focuses on reducing
harmful on-farm
impacts at sites of
production but neglects
sustainability issues
outside the farm such

Supply chain actors
implement zero-
deforestation policies
that target only one
region, allowing actors in
other regions or
neighbouring countries
to deforest

Supply chain actors set broad
sustainability goals that are
insufficiently operationalized and lack
specific and measurable targets,
unambiguous definitions and exact
coverage

as air pollution from
pesticide use

fAdapted from Bergsten et al. (2014)

Table 2 (reproduced from Article Il): Boundary and resolution mismatches in the governance of
telecoupled socio-ecological systems.

The article reveals that telecoupling-related governance mismatches can be addressed through
governance (re)scaling. This involves scaling up existing governance institutions (e.g., expanding their
area of intervention, target groups or supply chain scope) or scaling them down (e.g., enhancing the
context sensitivity of and stakeholder participation in interventions). Furthermore, new governance
scales can be created to address mismatches (see e.g., due diligence laws). The article provides three
illustrative examples of governance rescaling approaches in public and private governance
interventions: trade agreements, due diligence laws and landscape approaches to supply chain
governance. It thereby presents opportunities and challenges involved in addressing boundary and
resolution mismatches.

The article acknowledges that, in telecoupled contexts, no single governance approach is likely to
address all mismatches. Furthermore, finding an ‘optimal spatial scale’ may not be possible. The article
thus stresses the need to align multiple governance interventions for effective governance of
telecoupled systems. It calls for more research on the interplay between different governance
institutions targeting certain telecoupling phenomena (e.g., through social-ecological network
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approaches) in order to inform the design of governance systems in which effective institutional
interplay offsets spatial mismatches of single institutions.

The empirical part of the dissertation draws and builds on the conceptual insights presented in this
article. For Articles IV and VI, we investigated boundary mismatches for the case of voluntary
sustainability standards (see private governance example for spillovers and boundary mismatches in
Table 2). We particularly focused on the spillover mechanisms driving such mismatches as well as
potential rescaling approaches for addressing them (e.g., landscape approaches).

4.3 Article lll: Why telecoupling research needs to account for environmental justice

This debate paper emphasizes the importance of integrating insights from environmental justice
scholarship into telecoupling research and the governance of telecoupling phenomena. It argues that
(in)justices are often fundamental features of telecoupling dynamics, as social-ecological flows across
distances often create winners and losers. The article identifies suitable approaches for incorporating
environmental justice perspectives into telecoupling research, structured along the three dimensions
of environmental justices: distributive justice, procedural justice and recognitional justice (Schlosberg,
2007).

The article identifies important justice-related elements to consider when governing and researching
telecoupling phenomena (contributing to objective 2). First, it calls for the increased recognition and
consideration of benefits and burdens generated by telecouplings across distances. This argument is
taken up in Articles | and VI, where we discuss governance practices regarding the distant implications
of sustainable agriculture. Second, it points to issues regarding procedural justice and power in the
governance of telecoupled systems. It calls for balanced and fair stakeholder representations in
decision-making procedures in telecoupling contexts, thereby highlighting the importance of
identifying and involving affected people, who may be distantly located. Furthermore, it points to the
importance of paying attention to power dynamics. Article | builds on this, highlighting the importance
of considering power asymmetries in participatory sustainability assessments regarding agricultural
practices and their (telecoupled) outcomes. In Article VI, we further discuss these topics in relation to
stakeholder representation procedures in VSS. Third, the paper argues that we should reflect on
telecoupled information flows, including the values and interests in which they are embedded — both
visible and invisible. Finally, the paper further highlights key mechanisms for addressing injustices in
telecoupled land systems, e.g., through transparency initiatives, state governance regulations or
transnational activism.

4.4 Article IV: Governing spillovers of agricultural land use through voluntary
sustainability standards: a coverage analysis of sustainability requirements.

Article IV adopts a telecoupling perspective to assess the governance of agricultural land use through
voluntary sustainability standards (contributing to objectives 1 and 2). It thereby focuses on spillovers
of agricultural land use, defining them as socio-economic or environmental processes that are
triggered by agricultural land use and affect sustainability in near or distant places outside the farm
(see section 3.2 and the article for more conceptual elaborations).

The article shows that in a telecoupled world, a comprehensive and integrative notion of sustainable
agricultural land use requires explicit consideration of the processes that link agricultural practices
with impacts beyond the farm in near and distant places, i.e., spillovers of agricultural land use.
Applying a land system science perspective, the article adopts a comprehensive approach in order to
define and identify a wide range of social-economic and environmental spillovers of agricultural land
use. It draws on insights from a multitude of disciplines to operationalize the concept further,
presenting an elaborate, though non-exhaustive, set of 21 social-economic and environmental
spillovers of agricultural crop production.
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The article argues that, in view of a more comprehensive notion of sustainable agriculture, spatial
scale mismatches are a key design challenge of VSS (i.e., indicating that their scale of intervention is
incongruent with the scale at which the sustainability challenges that they are targeting occur). The
article investigates the extent and nature of such mismatches by analysing the content of 100
sustainability standards in order to assess the extent to which they regulate spillovers of agricultural
land use. The article reveals that spillovers are, at least implicitly, present in many standards’
requirements. This implies that VSS can make contributions towards sustainability beyond the farm
level through the consideration of spillovers in their standard requirements. However, the extent to
which they do so in practice differs largely among different types of spillovers (see Figure 7).
Moreover, the study reveals considerable regulatory gaps. Socio-economic spillovers, in particular, are
less extensively regulated through VSS than environmental spillovers. While VSS tend to regulate
management practices that have environmental implications beyond the farm level, they tend to focus
on VSS requirements that target socio-economic outcomes within the farm only. Individual VSS further
show a tendency towards a similar degree of (implicit) ambition to regulate both environmental and
socio-economic spillovers. Hence, if they have a high coverage of environmental spillovers, they also
tend to regulate socio-economic spillovers more extensively, albeit to a lower overall extent. Finally,
the article points to variations in the way different types of VSS systems address (certain) spillovers.
For example, public VSS appear to have a lower spillover coverage than company-based or other
private VSS.

The article critically discusses these results in terms of the potential role that VSS can have in fostering
sustainability of agriculture in a telecoupled context. Pointing to important VSS implementation
challenges, the article clarifies that the analysis of VSS requirements indicates the aspired change by
VSS, but not their actual impact on the ground. Hence, the results do not point to the performance of
individual standards, but rather present a sector-wide overview of priorities and potential gaps in the
coverage of spillovers in VSS. Furthermore, the article argues that simply broadening the thematic
coverage of standards to address a broader range of spillovers does not necessarily lead to better VSS
performance and may not be in line with the standards’ scope of objectives. It highlights that, in a
telecoupled world, spillovers are omni-present and hence it is impossible for VSS (or any other
governance instrument) to govern them all. The article thus recommends that standard-setting
organizations should systematically identify spillovers with a large potential for supporting or
undermining their sustainability objectives and focus their efforts on the most relevant ones
(considering their sustainability implications and the standards’ feasibility of regulating them). Finally,
the article sheds light on and discusses the role of scientific knowledge in governing spillovers through
VSS. It emphasizes the need for sustainability research to encompass a wide range of spillovers,
enabling an informed and engaged dialogue among science, policy, and society. This dialogue is crucial
for advancing effective governance of sustainable agriculture across different scales.

The article contributes to this dissertation by providing empirical insights into the extent of spatial
scale mismatches in the case of a governance instrument that is prominently used to foster sustainable
agriculture: voluntary sustainability standards. It applies and further develops the conceptual
knowledge gained from the synthesis research conducted in the frame of this dissertation on
sustainable agriculture (Article 1) and scale mismatches (Article Il) in telecoupling contexts. It further
lays the base for Article VI, where we explore different avenues for integrating telecoupling
perspectives in VSS systems.
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Figure 7 (reproduced from Article IV): Relative share of VSS with different levels of spillover coverage,
by spillover type.

4.5 Article V: Telecoupling visualizations through a network lens: a systematic review

Article V provides insights into the way visualizations are and can be used for effective communication
of knowledge about telecoupling phenomena (contributing to objective 3). It argues that visualizations
are powerful communication tools for co-producing, depicting, analysing and communicating
scientific knowledge, particularly in the case of abstract and intangible subjects — which telecoupling
phenomena often are. It shows that they are commonly and diversely used by telecoupling
researchers to illustrate how socio-ecological systems are connected across distances.

The article presents a systematic review of existing telecoupling visualization practices, taking stock
of their content, as well as existing techniques to visualize telecoupled land system dynamics. It applies
a network-based approach in order to investigate a highly diverse set of 118 telecoupling visualizations
in a unified manner, analysing them in terms of their node-link structure (i.e., the key components of
networks). Through this approach, the article demonstrates the ubiquity and importance of network
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perspectives in telecoupling visualizations and research. Drawing on insights from social network
science, it further identifies alternatives for conceptualizing links in telecoupling (i.e., as interactions,
relations or similarities, rather than flows only).

Regarding telecoupling visualization content, the article reveals that existing telecoupling
visualizations typically present networks of social-ecological systems, which are linked through flows
(as in the telecoupling framework proposed by Liu et al. (2013)). Displays of telecoupling connections
through actor networks or action situation networks also exist but are less frequent. The article further
shows that telecoupled systems are most commonly displayed through territorial governance units
and that they are often defined at a high level of aggregation (e.g., through nation states). In the
context of these findings, the article argues that visualizations are often representations of the
researchers’ mental models of the investigated phenomena. It suggests that the visualization process
can provide opportunities for researchers to reflect critically on their underlying assumptions and
perspectives (e.g., regarding the boundaries used to define telecoupled systems) and to communicate
them transparently through visuals.

In view of the visualization techniques used, the article identifies seven types of telecoupling
visualizations. They differ in terms of the visual encoding strategies used to represent key telecoupling
components. The most used visualization types are relational graphs (e.g., schematic diagrams,
network diagrams or chord diagrams) and quantity graphs (e.g., bar charts or line graphs), while
spatially explicit types are less common (e.g., link maps or quantity maps). The article also provides
insights into the relative frequency of the use of the different visualization types for different
telecoupling topics (e.g., commodity trade, species migration or tourism).

The article points to potential biases that visualizations can introduce. It shows that the design of
effective and accessible visualizations is particularly challenging in telecoupling research due to the
diversity of subjects, analytical approaches and richness of data involved. It identifies a key challenge
for visualizing telecouplings: the integration of multiple perspectives into visuals without overloading
the visualization or oversimplifying the subject matter (Kirk, 2016; Munzner, 2014). The article thus
calls for a careful and critical selection of visualization content and design that adequately and
purposefully represents telecoupling phenomena. The article provides practical recommendations for
visually communicating information about telecoupling phenomena in an accessible way. For
example, it presents good practice examples, strategies for combining multiple perspectives in graphs,
and information about helpful tools. It also identifies thus far unused data visualization techniques,
which present alternative ways to visualize telecouplings.

The insights gained from this article on visualization content, techniques and potential pitfalls were
used in Articles I, 1, IV and VI, where we designed and used visuals to communicate and explain
telecoupling phenomena. They were particularly valuable for Article VI, where we used visualizations
to explain the concepts of ‘telecoupling’ and ‘spillovers’ during interviews with non-scientific experts.

4.6 Article VI: Fostering sustainable agriculture beyond the farm level: entry points
and barriers for voluntary sustainability standards

Article VI investigates the different strategies that standard-setting organizations can use to integrate
spillover perspectives into their standard systems. It presents insights into the way telecoupling
phenomena can be governed and communicated, contributing to objectives 2 and 3.

The article builds on the findings from Article 1V, which indicates considerable gaps regarding the
regulation of spillovers of agricultural land use through the requirements presented in the standard
documents and at the same time also points to limitations on simply expanding the scope of VSS
documents. This article reveals potential ways to increase VSS systems’ consideration of telecoupling
perspectives. It identifies and critically discusses a range of potential strategies by which standard-
setting organizations can integrate spillover perspectives in standard systems (thus going beyond the
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standard document). To do so, it draws on insights from key informant interviews with VSS experts,
results from an analysis of data on VSS system characteristics for 69 agricultural standards, and inputs
from scientific and grey literature.

The article builds on and further develops the conceptual contributions on spillovers presented in
Article IV. It identifies three types of spillovers related to agricultural VSS: 1) agricultural land use
spillovers; 2) supply chain spillovers; and 3) VSS adoption and implementation spillovers. The three
types served to clarify and communicate the spillover concept during our interactions with non-
scientific VSS experts. While Articles | and IV focus on agricultural land use spillovers only, this article
considers all three spillover types in its analysis.

The article presents several entry points and barriers for integrating spillover perspectives (Figure 8).
They are situated within five different domains of sustainability standard systems. At a strategic level,
the objectives and design of VSS systems set the overall direction and frame for the standards’ role in
governing spillovers. Strategic decisions regarding standards’ Theory of Change and their scale of
intervention can thus largely shape the potential for VSS systems to foster sustainability beyond scale.
Standard-setting procedures are critical for identifying potentially relevant spillovers and setting
priorities regarding the integration of spillover-relevant contents in VSS requirements. Inclusive
stakeholder consultations and balanced decision-making processes play an important role therein.
Furthermore, VSS implementation mechanisms can be used to unravel (unregulated) sustainability
risks and thereby inform standard-setting. VSS regulate spillovers directly or indirectly through the
requirements stipulated in their standard documents. This article reveals that they do so most
commonly through provisions regarding on-farm practices that can trigger spillover processes rather
than through regulation of spillovers themselves or their impacts. Finally, it shows that the non-
certification-based activities of standard-setting organizations (e.g., landscape initiatives) also provide
opportunities to identify and address potential spillovers.

Setting the overall

VSS objectives and design
direction and frame

= Theory of change

for accounting for . .

spillovers = Scale of intervention

Identifying VSS setting VSS implementation Engagement activities

potential spillovers = Stakeholder = Compliance audits * Landscape and
consultation = Grievance jurisdictional

& targeting specific
ones

= Decision-making

Regulating & Standard
addressing = VSS requirements
spillovers

Figure 8 (reproduced from Article VI): Entry

domains of the VSS system.

mechanisms
= M&E procedures

programs

points for integrating spillover perspectives in five
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The article thus reveals much potential for VSS systems to foster sustainability beyond farm level.
However, it also demonstrates that this potential is underused in current practice and points to
existing barriers to adopting and implementing the presented entry points. For instance, a tendency
towards theme-centred priority setting in VSS systems (Manning and Reinecke, 2016) hampers a more
systematic and explicit consideration of spillovers when defining the objectives and contents of
standards. Furthermore, the existing practices of unbalanced stakeholder consultation inputs and
decision-making procedures in VSS setting (see e.g., Ponte and Cheyns, 2013; van der Ven, 2022) can
hamper the uptake of spillovers. The article concludes that standards are not equally suitable for
addressing all types of spillovers. It thus calls for continuous, explicit discourses about the existence,
relevance and governability of spillovers in VSS systems. Furthermore, it indicates that spillovers
cannot be addressed through standards alone, pointing to the complementary role of non-
certification-based activities within and beyond VSS systems.

The methodological approach used for this article also provides insights into the communication of
telecoupling knowledge to a non-scientific public (see objective 3). Visualizations were used during
the interviews as tools to communicate the telecoupling and spillover concepts to the respondents.
This practice proved helpful in making these to-date unfamiliar concepts more accessible and tangible
to the VSS experts (as also suggested in the data visualization literature; see e.g., Mclnerny et al.,
2014). The adopted research methods show that visuals can provide a useful means to structure and
guide interviews and to stimulate the active participation of experts in the knowledge creation
process.
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5. Synthesis and outlook

In this study, | set out to foster scientific understanding of the sustainable agriculture in a telecoupling
context, as well as the governance and communication of telecoupling phenomena. It thereby placed
a focus on spillovers of agricultural land use and their governance through voluntary sustainability
standards, as well as on visuals as a means to communicate telecoupling knowledge. This chapter
synthesizes the main insights from the study and presents avenues for further research. It is structured
along the themes of the three main objectives presented for this dissertation (see section 1.3).

Telecoupling and sustainable agriculture

This dissertation underlines the need for a comprehensive and integrative understanding of
sustainable agriculture in today's telecoupled world, wherein explicit consideration must be given to
spillover processes. It addresses existing knowledge gaps regarding the conceptualization and
operationalization of spillovers of agricultural land use. Building on the existing literature on spillovers
(Meyfroidt et al., 2020, 2018), it defines them as processes that are triggered by agricultural land use
and affect sustainability in near or distant places outside the farm. It thereby takes a comprehensive
approach that encompasses a wide range of socio-economic and environmental processes.

The dissertation shows that spillovers can significantly reinforce or undermine ongoing sustainability
efforts. Therefore, it emphasizes the necessity for a more explicit discourse about telecoupling
dynamics and spillovers in particular, given that sustainable agriculture is defined and operationalized
for the design and evaluation of governance instruments that claim to foster sustainable agriculture.
This dissertation offers knowledge and practical tools that could aid researchers and policymakers in
this endeavour. It presents a comprehensive, although not exhaustive, compilation of socio-economic
and environmental spillovers associated with agricultural land use. It also proposes an inclusive
analytical framework to assess the sustainability outcomes resulting from changes in agricultural
practices across multiple scales, considering the unique context of each situation. These
advancements serve as initial steps in addressing spillovers more explicitly in research and
policymaking. However, there is a need for additional knowledge and tools to deepen our
understanding of how sustainable agriculture can be effectively assessed in a telecoupled world. This
includes the development of enhanced methodologies and frameworks to identify and measure
spillovers, evaluate their sustainability impacts, and prioritize them accordingly.

Telecoupling and sustainability governance

This dissertation explores the role of Voluntary Sustainability Standards (VSS) in effectively governing
telecoupling phenomena associated with agricultural production. Specifically, it focuses on
investigating a significant challenge in VSS design, namely spatial scale mismatches, and examines
spillovers as the key mechanisms underlying these challenges. The study identifies two types of scale
mismatches—boundary mismatches and resolution mismatches—that pose significant challenges to
the effective governance of telecoupling phenomena (Article Il). The research findings indicate that
boundary mismatches are a prevalent design challenge for VSS systems. While sustainability standards
aim to promote sustainable agricultural production, their implementation primarily occurs at the farm
level. However, to achieve a comprehensive and integrated approach to sustainable agriculture that
considers telecoupling dynamics, VSS must also address spillovers that result in impacts beyond the
farm level.

The dissertation presents several strategies that standard-setting organizations can employ to address
this design challenge. It identifies current practices, as well as distinct strategies for better integrating
spillover perspectives into VSS (Articles IV and VI). These strategies revolve around three main lines of
intervention. First, standard-setting organizations can explore opportunities within their existing VSS
design and related certification activities. The most straightforward approach involves progressively
targeting spillovers through the requirements specified in the standard documents, which certified
members must adhere to. Our empirical analysis of 100 agricultural VSS reveals that standards already

22



regulate spillovers through their requirements. However, there are regulatory gaps, particularly in
addressing socio-economic spillovers, which receive less attention than environmental spillovers. To
improve this practice, interviews with VSS experts suggest different operational-level mechanisms to
aid in identifying and prioritizing spillovers in standard-setting. Additionally, explicit discourse and
consideration of spillovers in strategic priority setting are crucial. Second, standard-setting
organizations can modify the VSS design by rescaling their certification activities. This could involve
establishing certification of whole landscapes or jurisdictions. Currently, this approach is less prevalent
in practice, although initial efforts are underway. Consequently, further research is necessary to
evaluate its effectiveness and determine its potential benefits. Third, standard-setting organizations
can broaden their portfolio beyond certification activities, for instance, through engaging in landscape-
level programs. This approach has gained traction and offers the opportunity to address some of the
inherent scale mismatches associated with farm-level certification. However, it requires structural
changes within standard-setting organizations as they diversify their activities. It also has limitations
in terms of spatial scope, as a telecoupling perspective highlights spillovers that extend beyond the
landscape level.

The dissertation highlights several significant barriers to the implementation of the strategies
uncovered for integrating spillover perspectives in VSS systems. It is crucial to recognize that
sustainability standards often present substantial challenges in their design and implementation that
go beyond spatial scale mismatches. Their effectiveness is frequently subject to scrutiny, raising
doubts about their ability to fully achieve desired sustainability outcomes (see e.g., DeFries et al.,
2017; Dietz and Grabs, 2022; Oya et al., 2018; Traldi, 2021). Simply expanding the coverage of
standards to address numerous spillovers can, therefore, be challenging and potentially counter-
productive. It is essential to ensure that by increasing the focus on spillovers, existing challenges are
not further exacerbated and that less powerful and resourceful actors are adequately protected.
Furthermore, in an interconnected world, potential spillovers can manifest in various forms and
contexts, making them pervasive. Therefore, the goal should not be to indiscriminately govern all
spillovers, but rather to systematically reflect on their existence, relevance, and governability, and
prioritize accordingly.

Therefore, although VSS can play a significant role in promoting sustainable agriculture beyond the
farm level, they may not always be the most suitable instrument for governing all types of spillovers,
and they cannot address spillovers alone. This emphasizes the necessity for further research on the
role of other governance instruments, such as due diligence regulations and company policies, in
effectively governing telecoupling phenomena. Furthermore, it underscores the importance of
achieving a better understanding the complementary roles that different governance instruments can
fulfill in jointly fostering sustainable agriculture across multiple scales.

Telecoupling and science communication

This dissertation highlights the significance of an engaged dialogue between academia and
practitioners in promoting effective governance of sustainable agriculture beyond scale. The empirical
evidence on the coverage of spillover dynamics through VSS indicates that the presence (or absence)
of scientific knowledge in telecoupling dynamics can play an important role in its uptake in governance
instruments (Article IV). The dissertation identifies challenges relating to the lack of a harmonized
understanding of relevant concepts and methodological issues in identifying and measuring different
types of spillovers. It emphasizes the essential role of effective knowledge communication at the
science-policy-society interface, particularly when dealing with telecoupling phenomena that are
usually multi-scalar and encompass various thematic perspectives.

The dissertation examines the current practices and challenges associated with the communication of
scientific knowledge on telecoupling and presents recommendations for improvement. It thereby
focuses on visualizations, as they are powerful tools for making complex and intangible topics
accessible to a broad audience (Mclnerny et al., 2014). Visuals are widely and diversely used by the
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telecoupling research community to share its scientific findings. The methodological approach
employed in Article VI, involving visual elicitation methods during key informant interviews,
demonstrates the value of visuals as tools for communicating the concepts of ‘telecoupling’ and
‘spillovers’ to non-scientific audiences. This further helped to stimulate engaging discussions on the
opportunities and challenges of governing telecoupling phenomena.

These findings emphasize the significant potential of using visuals in co-creating and communicating
knowledge on telecouplings. However, the design of such visuals raises important questions: What
content should they include and exclude? How can telecoupling phenomena be represented without
overloading the visual or oversimplifying the content? The dissertation provides insights that can
guide the process of designing effective and purposeful telecoupling visualizations (Article V). It offers
an overview of different approaches and techniques used for visual representation of telecoupling
dynamics. Additionally, it highlights key challenges and potential biases in visualizing telecouplings,
while providing practical insights on improving current practices. Lastly, the dissertation emphasizes
the importance of exploring alternative tools for the communication and co-production of
telecoupling knowledge, to create more inclusive and effective science-policy dialogues that can
address the complex challenges of sustainable agriculture in a telecoupled world.
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6. Research contributions

Drawing on all six research articles, this chapter highlights the scientific and societal contributions
made by this dissertation.

6.1 Scientific contributions

This dissertation makes multifaceted contributions to both telecoupling research and land system
science, spanning across conceptual, empirical and methodological domains.

Conceptual contributions

The dissertation uncovers novel insights regarding the two core concepts it uses: telecoupling and
spillovers (see chapter 3).

In the realm of telecoupling governance, this study makes several conceptual contributions. It
introduces two overarching categories of governance mismatches and proposes rescaling approaches
as potential remedies (Article Il). Furthermore, it sheds light on the pivotal role of environmental
justice (Article 1ll) and illuminates the significance of network perspectives within telecoupling
research (Article V). By drawing upon social network analysis, it expands the conceptualization of
telecoupling connections outside the commonly-used focus on flows (Liu et al., 2013; Munroe et al.,
2019).

The dissertation advances the conceptual understanding of 'spillovers' in the context of agricultural
land use and commodity flows by offering insights into further operationalization and concrete
applications of the concept. It presents a comprehensive framework that enables the analysis of
spillovers in the context of agricultural VSS, drawing upon insights from various scientific disciplines.
It further identifies three distinct types of spillovers in the context of agricultural VSS (Article V1) and
provides an extensive inventory of 21 socio-economic and environmental spillovers associated with
agricultural land use (Article 1IV). The study builds and expands upon previous conceptualizations of
land use spillovers (in particular, presenting insights on what Meyfroidt et al. (2020) categorized as
‘other spillovers’). Furthermore, the dissertation introduces a systemic approach to developing
comprehensive indicator frameworks for integrated sustainability assessments of agricultural
changes, encompassing interactions and outcomes at multiple scales (Article I). The combined insights
into spillovers of agricultural land use could extend beyond the realm of VSS governance and
contribute to the broader governance of agricultural land use. They lay the foundation for further
analyses that would employ telecoupling perspectives to examine sustainable agriculture holistically
or to explore the coverage of spillovers within alternative supply chain initiatives and governance
instruments (e.g., mandatory laws or corporate sustainability targets).

Empirical contributions

The dissertation effectively combines the topics of 'spillovers' and 'sustainability standards,' which
have gained considerable scientific attention in recent years (Articles IV and VI). It responds to the
growing demand for further research on spillovers in agricultural land use (Meyfroidt et al., 2022),
their governance (Liu et al., 2018; Meyfroidt et al., 2020), and the design of VSS (Marx et al., 2022). By
integrating these research areas and employing empirical methods, the dissertation addresses critical
research gaps. It provides a comprehensive assessment of the extent to which socio-economic and
environmental spillovers are targeted in governance instruments, focusing specifically on the case of
VSS. Additionally, it offers insights into potential strategies for transforming VSS systems to more
effectively address spillovers.

Moreover, this dissertation presents novel empirical evidence on the utilization and design of
telecoupling visualizations, which play a crucial role in facilitating the communication of telecoupling
knowledge within the science-policy-society nexus (Article V). While the research community has
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shown limited attention to the role of visualizations in telecoupling studies thus far, there has been
substantial reliance on visuals for effective communication. By shedding light on the current practice
of telecoupling visualizations and offering recommendations for improvement, this dissertation
addresses important knowledge gaps in the field.

Methodological contributions
This dissertation makes three significant methodological contributions.

First, it applies an innovative approach for systematically examining visualizations featured in scientific
literature (Article V). It builds upon established methods that involve systematic reviews of extensive
scientific texts (see e.g., Cooper, 2019; Petticrew and Roberts, 2006) and detailed content analyses of
visuals (Van Leeuwen and Jewitt, 2001). The distinguishing feature of this study lies in the systematic
analysis of a large number of visuals. This was made possible through the identification and combined
analysis of the basic components of telecoupling phenomena (i.e., nodes and links) and visualizations
(i.e., marks and attributes). Through this unique methodological approach, different types of
telecoupling visualizations could be uncovered.

Second, it undertakes a comprehensive assessment of the contents of standard documents, using an
extensive sample of standards (Article IV). It differs from previous studies that have primarily
concentrated on specific commodity sectors (e.g., Dietz et al., 2018; Mclnnes, 2017; Schleicher et al.,
2019) or targeted particular sustainability topics (e.g., biodiversity (Potts et al., 2017; Tayleur et al.,
2017), thereby often relying on smaller sample sizes (see e.g., Elder et al., 2021; 1ISD, 2019; Potts et
al., 2014). In this regard, an elaborate approach was employed, involving meticulous selection, coding,
aggregation and analysis of data from the ITC Standards Map database, showcasing its potential for
examining VSS contents across various thematic focuses.

The third methodological contribution originates in the application of visual elicitation methods during
the interviews (see Article VI). While an increasing body of literature highlights the advantages
associated with using visuals during interviews (see e.g., Bravington and King, 2018; Glegg, 2019; Orr
et al., 2020), its utilization remains relatively uncommon in the field of land system science. This
approach proved especially advantageous for gathering data pertaining to telecoupling phenomena,
given the inherent abstraction associated with the telecoupling framework.

6.2 Societal contributions

This dissertation provides knowledge that could improve the governance of spillovers in the context
of sustainable agriculture. This is key, as spillovers can have substantial sustainability implications
beyond the farm level, potentially undermining efforts to promote more sustainable agricultural
practices and supply chains. This research highlights the presence and relevance of spillover
perspectives in defining sustainable agriculture and presents knowledge for improving existing
governance efforts in this regard. It thereby focuses on one of the most widely used instruments for
governing agricultural supply chains: Voluntary Sustainability Standards.

The dissertation contributes to currently ongoing developments in the VSS practitioners’ community,
as standard-setting organizations are increasingly striving to achieve impact beyond farm and supply
chain levels. They do this, for instance, by adjusting the requirements for sustainable agricultural
practice in their VSS documents and initiating or engaging in initiatives at landscape or jurisdictional
level. Our dissertation supports them in this process in four main ways:

- First, by identifying and presenting a comprehensive set of potentially relevant spillovers of
agricultural land use, the dissertation offers insights into the multi-scalar outcomes of
agricultural activities. This knowledge could assist standard-setting organizations in the
process of defining their Theory of Change and the content of their standards.
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- Second, the dissertation provides insights into the current practices of standard-setting
organizations in addressing spillover dynamics. This knowledge offers an opportunity to
identify and reflect on elements that may not yet be adequately covered by existing standards
but are relevant to the effective governance of agricultural supply chains. This information
could be valuable for standard-setting organizations as they strive to enhance their practices
and improve sustainability outcomes.

- Third, the dissertation does cover the potential use of landscape and jurisdictional initiatives
to support standards-setting organizations in their quest, but also highlights the need to look
beyond landscape and jurisdictional levels when considering the governance of spillovers. By
pointing out this need, the dissertation encourages standard-setting organizations and
policymakers to apply a telecoupling perspective to explore innovative approaches that
consider the wider, multi-scalar implications of their actions.

- Fourth, during the study, | initiated and engaged in discussions with VSS experts and standard-
setting organizations on the way VSS systems can be transformed for effective addressing of
spillover dynamics. This contributed to a productive science-practitioners dialogue, fostering
transdisciplinary collaboration and knowledge exchange. Such a dialogue is crucial for
enhancing the governance of telecoupled phenomena in agriculture.

Lastly, this dissertation could play an active role in promoting effective communication on telecoupling
phenomena at the science-policy-society interface. Policymakers are facing growing societal concerns
relating to sustainability in a telecoupled world, e.g., regarding the far-reaching implications of land
use and the products consumed. In this context, effective communication and the establishment of a
shared understanding of telecoupled processes are key. This dissertation contributes to these ongoing
developments by highlighting the potential of visualizations as a means to share knowledge on
telecoupling and by providing practical recommendations to enhance current practices.
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ARTICGLEINFO ABSTRACT
Keywords: Agriculture plays a central role in achieving most Sustainable Development Goals (SDGs). Sustainable intensi-
Sustainable intensification fication (SI) of agriculture has been proposed as a promising concept for safeguarding global food security, while

Systemic approach
Multi-scale
SBGs

simultaneously protecting the environment and promoting good quality of life. However, SI often leads to
context-specific sustainability trade-offs. ®@perationalising SI thus needs to be supported by transparent sus-
tainability assessments. In this article, we propose a general systematic approach to developing context-specific
frameworks for integrated sustainability assessment of agricultural intensity change. Firstly, we specify a
comprehensive system representation for analysing how changes in agricultural intensity lead to a multitude of
sustainability outcomes affecting different societal groups across geographical scales. We then inwoduce a
procedure for identifying the atwibutes that are relevant for assessment within particular contexts, and respective
indicator mewrics. Finally, we illustrate the propesed approach by developing an assessment framework for
evaluating a wide range of intensification pathways in Europe. The application of the approach revealed pro-
cesses and effects that are relevant for the European context but are rarely considered in SI assessments. These
include farmers™ health, workers’ living conditions, cultural heritage and sense of place of rural communities,
animal welfare, impacts on sectors not directly related to agriculture (e.g., tourism), shrinking and ageing of rural
population and consumers’ health. The proposed approach addresses important gaps in SI assessments, and thus
represents an important step forward in defining wansparent procedures for sustainability assessments that can
stimulate an informed debate about the operasionalisasion of SI and its contribution towards achieving SDGs.

1. Introduction synergies, but also to competing demands (Kroll et al., 2019; Pham
Truffert et al., 2020). Coherent solutions are therefore required to enable
Agriculture is pivotal for achieving most of United Nations Sustain- sustainability transformations in agriculture capable of fostering SDG
able Development Goals (SDG) targets (Ehrensperger et al., 2019; FAO, co-benefits and navigating their potential trade-offs (Caron et al., 20182).
2018). This interconnectedness means that complex interactions may A large number of approaches for sustainable agricultural production
emerge among different development priorities, possibly leading to have emerged in recent decades, proposing diverse pathways to
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reconcile the requirements for safeguarding global food security with
preserving the environment and promoting good quality of life (Oberc
and Schnell, 2020). The concept of sustainable intensification (SI) pro-
poses three underlying principles to tackle these challenges: i)
increasing agricultural producaivity; ii) improving resource-use effi-
ciency and reducing the use of harmful inputs; and iii) halting expansion
in important biodiversity hotspots by confining food production to
existing farmland (Godfray et al., 2010). SI originally revolved around
identifying and promoting farming practices allowing for productivity
gains while keeping adverse environmental impacts at a minimum
(Pretty, 1997). Such alleged win-wins have subsequently been widely
endorsed by scientists, governments and international organisations,
particularly in the context of smallholder farming in developing coun-
tries (FAO, 2011; Pretty et al., 2011). However, the concept of SI has
been increasingly criticised for being too weakly and narrowly defined
to merit the term “sustainable”, leading to calls for extending its scope
beyond productivity and environmental objectives (Cook et al., 2015;
Loos et al.,, 2014; Struik and Kuyper, 2017). Current perspectives
emphasise that SI needs to equally engage with the social and economic
dimensions of sustainability, and be fully embedded within the multiple
dimensions of food systems (Rocksw#m et al., 2017; Struik and Kuyper,
2017). This implies that intensification impacts on biodiversity, climate
change and food availability must be considered along with a range of
sustainability outcomes on rural livelihoods and social cohesion (Hel

fenstein et al., 2020).

Different societal groups often have disparate preferences in terms of
which outcomes should be prioritised or avoided (Bennett et al., 2021;
PérezSoba et al., 2018). Given that sustainability outcomes are not in-
dependent of each other, agricultural intensification will almost inevi-
tably lead to wade-offs and to different sets of winners and losers (Egli
etal., 2018; Kanteretal., 2018). Hence, SI requires the development of a
shared system of values and norms (Struik et al., 2014). The oper-
ationalisation of SIshould thus not be simply regarded as the adoption of
a set of prescribed farming practices, but instead as a process of social
negotiation, institutional innovation and adapsive management (Schut
et al., 2016; Struik et al., 2014). In this sense, SI can be interpreted as a
“boundary object” (sensu Franks, 2014) or a guiding principle (Smith,
2013), about which stakeholders can negotiate problems and conflicts,
to iteratively and incrementally arrive at solutions drawing on the full
range of SI approaches. Such a process should ideally be informed and
supported by a comprehensive and wransparent wade-off assessment of
alternative SI pathways (Helfenstein et al., 2020; Struik and Kuyper,
2017).

Assessing the extent to which changesin agricultural intensity affect
sustainabiliy outcomes is, however, highly challenging (Swuik et al.,
2014). It involves appraising and anticipating several indirect and
long-term effects beyond the farm level, including environmental
spill-overs and cascading effects on ecosystems and biogeochemical
cycles (Campbell et al., 2017; Tilman et al., 2002; Vignieri, 2019),
changes in social relationships and norms (Janker et al., 2019), and
market-related dynamics (Garcia et al., 2020). Moreover, such processes
and outcomes are highly context-specific, depending to a large extent on
the historical developments, socio-economic conditions and institu-
tional settings in which they are embedded (Tappeiner et al., 2020).
Finally, conflicting sustainability outcomes may co-emerge at different
geographical scales. For example, land-use redistribution (Rising and
Devineni, 2020) and optimisation through international trade could in
principle contribute to lower global greenhouse gas (GHG) emissions
and food prices (Popp et al., 2017), but also lead potentially to irre-
versible localised impacts on sensitive ecosystems, rural livelihoods and
indigenouscommunities (Lambin, 2012). Hence, changesin agricultural
intensity and resulting trade-offs must be evaluated across different
normative dimensions, geographical scales and contexts (Helfenstein
et al., 2020; Kanter et al., 2018; Thomson et al., 2019).

Different assessment frameworks and tools have been proposed in
recent years for evaluating the sustainability of alternative agricultural
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development wajectories. Sustainability assessment tools at the field/
farm level, for example, can quantify in detail the impacts directly
triggered by the practices and use of resources within those management
units. However, they fail to fully account for the dynamic interactions
with surrounding ecosystems and communities (Eichler Inwood et al.,
2018). Furthermore, the social dimension of sustainability is often un-
derrepresented (Mahon et al., 2017; Schader et al., 2014), usually not
going beyond labour-related considerations (Janker and Mann, 2020).
Musumba et al. (2017) and Smith et al. (2017) have recently proposed
holistic indicator frameworks for SI assessment, covering a broad range
of dimensions at multiple scales. However, these frameworks have been
primarily developed for place-based assessments in the context of
smallholder farming in developing countries. They do not consider, for
instance, the outcomes resulting from larger scale processes, such as
market linkages between distant regions and saructural shifts in food
consumption and production. Such processes may have critical impli-
cations for sustainability (lLiu et al, 2013). For example,
de-intensification of production or increased use of imported inputs (e.
g., feed concentrates) at a given location may lead to production real-
location and/or intensification elsewhere (Cadillo-Benalcazar et al.,
2020; Fuchs et al.,, 2020; Wang et al., 2017). These frameworks are
therefore not fully applicable to contexts in high-income economies
where agricultural production and food consumption are largely inte-
grated in global supply chains and markets.

There is, consequently, a need for developing procedures and criteria
to generate analytical frameworks for integrated SI assessment that can
provide a comprehensive outlook of sustainability outcomes from local
to global scales, while capturing contextspecific socio-ecological pro-
cesses. Such frameworks must be capable of guiding action and sup-
porting broader societal transformations, by providing useful
information for deliberation and negotiation. Hence, they need to
simultaneously consider the legitimate, but potentially conflicting,
normative values and perceptions of different groups of social actors
operating at different scales in their specific contexts (Cadillo-Benalca-
zar et al., 2020). In this article, we aim to address these gaps by pre-
senting a general systematic approach to developing context-specific,
multi-scale frameworks for integrated sustainability assessment of
agricultural intensity change (Section 2). Any formal assessment of
sustainability entails two main steps: i) a pre-analytical step for defining
what, out of many alternasive and legitimate perceptions, should be
considered as the relevant system to be analysed; ii) an analytical de-
cision about how to formalise the system’s representation through a
finite set of relevant attributes and proxy variables for their quantifi-
cation (Binder et al., 2010; Giampiewo et al., 2006). Hence, we start by
proposing a comprehensive system representation for analysing how
changes in agricultural intensity lead to multiple sustainability out-
comes affecting different societal groups (Section 2.1). We then describe
the main steps for identifying the attributes of agricultural intensity and
sustainability that are relevant for assessment within a specific context,
and for selecting the respective methods and metrics for assessing them
(Section 2.2). Finally, we illuswrate the proposed approach by devel-
oping a multi-scale framework for integrated SI assessment in Europe
(Sections 3 and 4), and discuss its strengths and limitations (Section 5).

2. A systematic approach for developing context-specific
frameworks for integrated SI assessment

2.1. System representation

Following the conceptual framework for SI pathways proposed by
Helfenstein et al (2020), we start by defining agricultural intensity
change (AIC) as the process of adjusting i) management intensity (i.e.,
the activities, management practices and uses of resources in the farm),
and/or ii) landscape swructure (i.e., the spatial configuration and
composition of agricultural fields and surrounding semi-natural ele-
ments and habitats in agro-ecosystems), in order to iii) enhance
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agricultural productivity (i.e., output per unit of input). Sustainability
outcomes (SO) are assumed to evolve relationally through pathways of
compound effects resulting from individual processes of AIC (Fig. 1). A
number of interrelated socio-ecological processes (SEP) are potentially
affected by AIC:

o different types of socio-ecological flows, including biogeochemical
cycles and emission of pollutants; people movements (e.g., seasonal/
migrant workers, migration of rural population to cities); biological
movements (e.g., migratory birds, pollinators, pathogens); trade of
agricultural inputs and commodities, and the monetary flows asso-
ciated with them (Adger et al., 2009; Hull and Liu, 2018);

the functioning of ecosystems (Emmerson et al., 2016; Stoate et al.,
2009)

different types of socio-ecological interactions, including: social re-
lationships among actors in the farm (e.g., family, workers), mem-
bers of surrounding communities (e.g., other farmers, neighbours,
government officials, collectives) and other (external) actors (e.g.,
service providers, tourists, consumers) (Janker et al., 2019);
species-habitat interactions (Morrison and Dirzo, 2020);
human-nature experiences (Soga and Gaston, 2016); and
human-livestock interactions (Hostiou et al., 2017).

Changes in these SEP may, in turn, enhance or hinder the ability of
agricultural landscapes to deliver bundles of ecosystem services (IPBES,
2019), including regulating (e.g., pollination, freshwater availability),
material (e.g., food and feed production) and non-material services (e.g.,
supporting identities and experiences). The combined effect of changes
in SEP and ecosystem service provision (ESP) results in multiple envi-
ronmental, economic and social outcomes affecting different societal
groups, both positively and negatively (Anderson et al., 2019; Blicharska
et al., 2019). Feedbacks are established between ESP, SO and AIC, often
mediated by concurrent developments in contextual factors (Matson
et al., 1997; Meyfroidt, 2013; Meyfroidt et al., 2018). Hence, the effects
of AIC on SO need to be assessed along temporal scales long enough (e.
g., decades) to capture processes and pathways leading to regime shifts,
systemic lock-ins and rebound effects (Giampietro and Mayumi, 2018;
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Ramankutty and Coomes, 2016; Tappeiner et al., 2020).

The proposed causal framework (see Fig. 1) islargely inspired by the
Driving forces-Pressures-StatesImpactsResponses (DPSIR) model, origi-
nally proposed by the European Environmental Agency (EEA, 2007) and
subsequently adopted by multiple international organisations (FAO,
2013; Pawicio et al., 2016) to describe and analyse processes and in-
teractions in human-environment systems. However, we make a few
important adjustments in relation to the original DPSIR model. Firstly,
we explicitly dissinguish Driving forces in terms of the human activities
leading to AIC from the contextual factors that shape them. Secondly, we
extend the type of Pressures that are typically considered in DPSIR
analysis (e.g., the release of pollutants resulting from human activities)
to also consider a wider range of SEP, such as the flows of commodities,
people and species, and their interactions. As mentioned in Patricio et al.
(2016), Pressures, States and Impacts are not necessarily mutually
exclusive categories despite being wreated as such, with the distinction
often depending on the fimeframe considered and scope of the analysis.
This has led to varied interpretations on what these components should
represent. Rather than attempting to differentiate and characterise these
categories, we instead took an outcome-oriented approach which ad-
dresses a broad range of SEP and impacts, including changes in ESP
(which may or may not affect human activities and well-being) and SO
(for which normative ambitions, concerns and/or targets are expressed
by different societal groups). Finally, we explicitly consider Responses as
feedback processes, which may materialise in terms of changes in
contextual factors and adjustments in farm managementleading to AIC.

Socio-ecological systemsexpress multiple structures and functions in
parallel, and within hierarchical levels that are both spatially nested and
networked (Adger et al., 2009; Liu et al., 2015; Ostrom, 2009). They can
thus be perceived and represented in several non-equivalent ways by
distinct groups of social actors. This diversity of perceptionsreflects the
different norms, beliefs, interests and concerns of these groups, and their
respective narraives (sensu Giampiewo et al., 2006, ie., the sets of
system attributes deemed relevant, and hypothesised causal relations)
about how the system should be “improved” (Cadillo-Benalcazar et al.,
2020; Lomas and Giampietro, 2017). Hence, multiple scales and levels of
analysis need to be simultaneously adopted to capture these

Fig. 1. Pathways of compound effects of agricultural in-

Contextual factors
Agricuitural intensity change
T Management Landscape Agricultural
— intensity structure productivity
Socio-ecological Provision of
processes ecosystem services
Socio-ecological Regulating
flows services
i Ecosystem Material
L functioning services
Socio-ecologica! Non-material
interactions services
Sustainability outcomes
e Enviromental Economic Social
outcomes outcoimes

tensity change on sustainability outcomes. Contextual fac-
tors (e.g., climate, demography, lifestyle, policy,
technology, topography, soil characteristics) alfect how
these pathways develop over time. Feedback processes
(dotted arrows) may emerge due to changes in agricultural
productivity resulting from degradation/enhancement of
material services (F1), changes in agricultural intensity as
human-driven responses to sustainability outcomes (F2)
and broader changes in contextual factors resulting from
changes in the provision of ecosystem services (F3, e.g.,
through biogeochemical processes) and from societal de-
velopments triggered by sustainability outcomes (F4, e.g.,
demographic changes, pelicy reforms, technological
change, or changes in lifestyle and consumption).
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non-equivalent perceptions and narratives. On this basis, we consider
the agricultural field, landscape, region and global Earth System as
relevant, hierarchically nested geographical scales of analysis for SI
assessment (Fig. 2). Rather than fixed entifies, these scales are inter-
preted as constellations of temporary coherence with relatively open
territorial boundaries (Wilson, 2009). The agricultural field takes a
central place, as the scale at which farm managers execute decisions
leading to changes in management intensity (e.g., increasing input
application rate) and landscape saructure (e.g., increasing field size and
removing linear vegetation elements). The landscape scale is instru-
mental for understanding the socio-ecological context in which farm
managers are embedded while making decisions, and assessing the
outcomes of these decisions (Helfenstein et al., 2020). Landscapes are
here defined as coupled socio-ecological systems characterised by
spatially coherent and interrelated sets of natural and anthropogenic
components (Angelstam et al., 2019, 2013), including different inter-
acting, and partially overlapping, levels of organisation:

e farms, i.e., decision-making units comprising agricultural fields for
crop and livestock production, in which farm managers make de-
cisions on the use of available resources to fulfil a combination of
objectives (Malek et al., 2019);

communities, consisting of actors with different roles, and connected
through institutionalised interactions, normative regulations and
social relationships defined by work, business and private life
(Janker et al., 2019);
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e agro-ecosystems, i.e., a complex of plants, animals and microor-
ganisms, their mutual relations, and resulting geographical patterns
of landscape structure (Miguet et al., 2016; Tscharntke et al., 2005).

Regions (e.g., countries, sub- and supra-national regions) are rele-
vant scales of analysis because these are usually the administrative units
for which political ambitions and (sustainability) targets are set, and
progress is monitored. Outcomes in distant “telecoupled” regions, i.e.,
regions which are not geographically nested but are connected by sig-
nificant inbound (e.g., food and feed imports) and/or outbound flows (e.
g., food exports), are also explicitly considered (Liu et al., 20135). Finally,
we consider the global scale to be bounded by the Earth system, and
consisting of many smaller coupled social-ecological systems, evolving
through time as a set of interconnected complex adaptive systems
(Adger et al,, 2009; Liu et al., 2015). Assessing outcomes at the global
scale is crucial, for example, to identify coordinated solutions for
achieving food security without jeopardising the functioning and resil-
ience of the Earth system as a whole (Gerten et al., 2020; Steffen et al.,
2015).

2.2. Defining context-specific frameworks for integrated SI assessment

Developing a sustainability assessment framework entails identi-
fying and defining the system attributes that are relevant for different
groups of social actors, in order to inform and guide their actions ac-
cording to their specific sets of expectations, interests and concerns
(Cadillo-Benalcazar et al., 2020; Giampietro et al., 2006; Lomas and

]

Lagend:
@ Agricultural fields (each colour represents
a different farm to which the field belongs)

@ @ seminatural habitat patches and linear
elements {each colour represents a
different type of habitat)

thdteteiteit

+---= Socioecological interactions

ﬁiﬁ Farm workers

ﬂ Other actors {e.g. neighbours, input suppliers,
retailers, service providers, banks, collectives,
advisors, government officials, tourists, etc.)

Fig. 2. Geographical scales and organisasional levels of analysis fer SI assessment. a. Socio-ecological flows and interactions operating across geographical scales
(labels in bold) and embedded levels of organisation (labels in italics). Changes in agricultural intensity may wrigger or affect a range of inbound and outbound flows,
across nested scales from the agricultural field up to the global Earth system, and among networked distant regions. They may also trigger changes in secio-ecological
interactions involving different types of actors and species across different organisational levels within the landscape (i.e., farms, communities and agro-ecosystems).
b. Landscape structure of agro-ecosystems. Farms are physically composed of a collection of agricultural fields, whichmay include both ad jacent and dispersed fields
across the landscape, intertwined with semi-natural habitat patches (e.g., forests, heaths, wetlands) and linear elements (e.g., hedgerows, tree lines, stone walls).
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Giampiewo, 2017). While developing such frameworks, these system
atwibutes are usually thematically organised in nested hierarchical
levels, to facilitate their definition and selection in a swructured way (De
Olde et al., 2016; Van Cauwenbergh et al., 2007). Adopting the termi-
nology proposed in the FAO-SAFA guidelines (FAO, 2014), we use the
following hierarchical levels: dimensions, themes, sub-themes and in-
dicators. Following the system representation presented in Section 2.1,
we start by designating Agricultwral intensity, Ecosystem service provision
and Sustainability outcomes as the core dimensions for the development
of the analytical framework. The lower hierarchical levels of these di-
mensions are then specified by identifying the attributes and metrics
that enable the assessment of how AIC affects, through changes in SEP
and ESP, a multitude of SO. Accordingly, we propose the following steps
(Fig. 3):

o Step 1: Identify the mechanisms of agricultural intensity change
(MAIC) that are applicable to a particular context. MAIC are defined
as the adjustment of a particular set of attributes of management
intensity or landscape structure that affects agricultural productivity
by causing changes in the output/input ratios, i.e., agronomic pro-
ductivity, resource-use efficiency and/or profitability. Based on the
identified mechanisms, relevant themes, sub-themes and indicators
are defined for the Agricultural intensity dimension that permit the
assessment of these mechanisms quantitatively.

Step 2: Identify the potential effects of the identified MAIC on
context-specific SEP, leading to changes in ESP. Relevant themes,
sub-themes and indicators are then defined for the Ecosystem service
provision dimension.

Step 3: Identify the potential effects of the identified MAIC on SEP
and ESP, leading to arange of SO that are relevantto different groups
of social actors. Relevant themes, sub-themes and indicators are then
defined for the Sustainability outcomes dimension. The combined re-
sults of Steps 1, 2 and 3 allow the definition of the context-specific
hierarchical structure of SI indicators.

Step1

Identify mechanisms of
agriculturalintensity change

Define relevant themes,
subthemes and indicators of
agricultural intensity

Step 2

Identify potential efects of
ssesresssssencnnkntensity change mechanismson ...
ecosystem service provision

Define relevant themes,
sub-themes and indicators of
ecosystem sejvice provision
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e Step 4: Identify available methods and data sources to compute
metrics for the Sl indicators defined in the previous steps. The
selected metrics enable the definition of the context-specific frame-
work for integrated SI assessment.

3. Material and methods

We illustrate the application of the approach presented in Section 2
by developing a multi-scale indicator framework for SI assessment in
Europe. In particular, we apply the approach through a stepwise liter-
ature review, for each core dimension in turn, as follows:

e Step 1: the Agricultural intensity dimension was defined by con-
ducting a literature review, combined with inductive content anal-
ysis (Khirfan et al., 2020), to identify the main MAIC in Europe.
Firstly, we searched for peer-reviewed articles describing cases with
changes in agronomic productivity, resource-use efficiency and/or
profitability in Europe. Appendix A describes in detail the literature
search swategy and criteria for selecting articles. Based on the
literature analysis, we developed a MAIC typology, and identified
sets of ataributes that characterise them (see Table A.1). Based on
these results, we defined Agricultural intensity themes, sub-themes
and indicators.

o Step 2: the Ecosystem service provision dimension was defined by
conducting a literature review, combined with deductive content
analysis (Kyngas and Kaakinen, 2029), to identify the effects of AIC
on ESP in Europe. Appendix B describes in detail the literature search
strategy, criteria for selecting articles and approach for conducting
the literature analysis. We used the IPBES Nature’s Contributions to
People (NCP) framework (Diaz et al., 2018, 2015) as a heuristic to
specify the hierarchical swructure of this dimension. The NCP
framework has been jointly developed by academia, governments
and civil society, building upon the ecosystem service concept
(Millennium Ecosystem Assessment, 2005), while emphasising the
importance of cultural context as a central factor for shaping human

Step 3
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eeeeneep - INtENsity change mechanisms on
sustainability outcomes

Define refevant themes,
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sustainability outcomes

|
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Fig. 3. Appreach for developing context-specific frameworks fer integrated SI assessment.
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perception of nature and quality of life (Diaz et al., 2018; Peterson
et al., 2018). The sets of ecosystem service categories defined by the
NCP framework were used as a guiding principle for defining the
Ecosystem service provision themes (i.e., NCP types) and sub-themes (i.
e., NCP reporting categories; for their definitions, see Table B.1 in
Appendix B), and accordingly guide the content analysis of the
selected literature. We then identified the effects of each MAIC on
each NCP reporting category (Tables B.2, B.3 and B.4 in Appendix B).
Based on these results, for each sub-theme we defined a set of key
attributes as Ecosystem service provision indicators.

Step 3: the Sustainability outcomes dimension was defined through
literature review, combined with deductive content analysis, on the
effects of AIC in Europe on SO. We used the United Nations Sus-
tainable Development Goals (SDG) framework (UN, 2015) as a
heuristic to specify the hierarchical structure of this dimension. The
SDG framework has been developed through a comprehensive
participatory process (UN, 2014; UNDG, 2013), representing a
compromise between a multiplicity of concerns and interests from
different societal groups. Hence, the SDGs provide a comprehensive
mapping of a broad universe of legitimate, but potentially conflict-
ing, normative visions of sustainability (Le Blanc, 2015). This, in
turn, provides an appropriate guiding principle for defining the
Sustainability outcome themes (i.e., SDG goals) and sub-themes (i.e.,
SDG targets). We adapted the list of keywords of the SDG literature
search queries proposed by the Aurora Universities Network (AUN,
2021) to define search strings. Appendix C describes in detail the
literature search strategy, criteria for selecting articles and approach
for conducting the literature review. The results of the literature
analysis were used to identify the effects of each MAIC on SO related
to each SDG goal (Tables C.2, C.3 and C.4 in Appendix C) and the
societal groups to which they are relevant. Based on theseresults, for
each sub-theme we defined a set of key attributes as Sustainability
outcome indicators.

Step 4: we reviewed existing literature to identify applicable
methods and metrics to measure the indicators defined in the pre-
vious steps at different scales in Europe. In addition, we also
reviewed online data portals from international agencies and orga-
nisations to identify available data sources with pan-European
coverage. Appendix D.1 describes in detail the search strategy and
criteria for the review of literature and databases.

4. Results
4.1. Assessing agricultural intensity change in Europe (Step 1)

We identified thirteen MAIC operating in Europe (Table 1; for a
detailed overview and references, see Table A.1 in Appendix A). Many of
these mechanisms are often observed in combination with others. For
example, an increase in capital intensity typically occurs together with
an increase in land management intensity, input-use intensity, farm
concentration and a certain degree of farm specialisation. Some mech-
anisms may result in the de-intensification of other attributes. For
example, increased capital intensity and improved information man-
agement through the adoption of robotics for precision farming con-
tributes to lower input-use intensity. Product differentiation, vertical
integration, income diversification and cooperation enable increased
profitability and reduced risks through economies of scope and/or
added-value creation, without necessarily increasing physical
production.

Agricultural Intensity sub-themes and indicators were specified based
on the identified attributes of management intensity, landscape struc-
ture and agricultural productivity (Table 2). land management in-
dicators are primarily measured at the agricultural field scale.
Consumable input use and agronomic productivity indicators can be
measured at the field scale (e.g., to assess relationships between field
productivity and management intensity), but they are equally relevant
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Table 1
Mechanisms of agricultural intensity change (MAIC) operating in European
agriculture.

MAIC Description

Land management intensity Adjusting the intensity of land management
practices (e.g., livestock density, grazing period
length, crop rotation cycles, cropping density,
intercropping) and frequency of field management
operations (e.g, soil tilling, grassland mowing,
mechanical weeding, orchard pruning, soil
drainage).

Adjustinginvestments in fixed capital assets such
as buildings (e.g., silos, stables, greenhouses),
infrastructure (e.g., irrigation, roads), machinery
and equipment (e.g., mechanic plough, automatic
feeder, milking robots, drones), permanent crops
(e.g., wree orchards), livestock herd size, and land
reclamation (e.g., permanent drainage of
wetlands).

Adjusting the use of consumable inputs such as
fertilisers, pesticides, animal feed and health
inputs, seeds, water and energy.

Adjusting labsur inputs, including family and
hired labour (permanent and seasonal).
Achieving increasing returns to scale/size through
enlargement of farm size (e.g., buying/renting
land from other farms), land consolidation (e.g.,
reallocating land to make farms more compact)
and landscape simplification (inereasing field size
by removing semi-natural habitat patches and
linear landscape elements).

Adjusting crop diversity, and/or the diversity of
livestock species, breeds and stages of animal
development. In the case of specialisation,
resources are concentrated on a limited number of
activities fer which local conditions and available
resources are optimal. In the case of
diversification, economies of scope are achieved by
engaging in complementary activities (e.g., mixed
crop-livestock systems) or cultivating
complementary crops (e.g., nutrient fixating crops,
cover crops, different types of ferage crops).
Diversifying the number of activities and income
sources, including agro-environmental activities
(particularly, when they are supported by financial
compensation schemes), non-farming acivities (e.
g., agritourism, gastronomy, renting idle farm
equipment, renting land for renewable energy
production) and off-farim employment.

Achieving agglomeration benefits through
clustering of similar farm activities in regions
where industrial/logistic hubs for processing,
transporting or marketing agricultural products
exist (e.g., dairy industry, vegetable oil
production, harbours, auctions).

Reducing transaction costs and risks through
contract farming, and/or consolidation of
production, processing and marketing operations
(e.g., direct marketing).

Acquiting knowledge and skills to improve
management practices through education and
waining, and/or consultasion with advisory/
extension services.

Adjusting planning (e.g., seeding, harvesting),
process controlling (e.g., milking operations),
resource-use (e.g., fertiliser use), and/or marketing
strategies (e.g., sales) using information and
communications technology (ICT).

Switching to higher productivity vaiieties, high-
value producs or addedvalue niche markets (e.g.,
organic farming, protected designation of origin,
voluntary sustainability standards).

Achieving economies of scale and/or scope based
on social capital (e.g., jointly governing resources,
infrastructure, services, knowledge, value chains,
and/or marketing strategies).

Capital intensity

Input-use intensity

Labour intensity

Farm consolidation

Farm spedalisation /
diversification

Income
diversification

Regional specialisarion and
concentration

Vertical integration

Knowledge intensity change

Improved information
management

Crop/breed change and

product differentiation

Cooperation
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Table 2
Themes, sub-themes and indicators fer assessing agricultural intensity (AI) in Europe.
Al theme Al sub-theme Al indicators Scale/level of MAIC"
measurement
Management Land Livestock density; Grazing period length; Frequency of field operations; Cropping AFS LMJ; FSD
intensity management frequency; Fallow cycle frequency; Sowing density; Intercropping; Crop rotation
Fixed capital Irvigation area; Irrigation equipment; Machinery and equipment; Buildings and FL CI; IIM
assets infrastructure; Permanent crop area; Permanent crop density; Herd size; Breeding
livestock; Milking livestock; livestock replacement rate; Land ownership structurc;
Consumable Fertiliser use; Fertiliser composition; Pesticide use; Pesticide toxicity; Feed intake; AFS; FL IUI
inputs Feed composition; Animal. health inputs use; Water use; Energy use; Seeds inputs;
Labour labour input; Family labour; Hired labour; Permanent/seasonal labour; Employee FL LI
turnover
Farm size Farm area; Farm economic size FC
Human capital Farmer education and #raining; Workers training; Consultation with advisory/ KI; IIM
extension services
Farming diversity ~ Crop types and varieties; Livestock species and breed varieties; Stages of animal FS®; RSC; CCPD
development;
Income sources Farming income; Non-farming income; @ff-farm income; Subsidies; Diversity of ID
income sources
ICT use ICT services use frequency; Computer literacy HM; KI
Value chain and Value-chain position; Contract farming; Processed products; By-products; ®rganic VI; CCPD
product value farming; Regional product certification; Voluntary sustainability standards
added
Social capital Membership in organisations; (c}
Landscape Landscape Agricultural land-use composition; Semi-natural habitat compaosition; FL; 1S FC; LMLI; Cl; FSD; RSC; ID
structure composition
Landscape Agricultural field size; Distance of fields to the farmhouse; Semi-natural habitat FC; CI
configuration patch size; Density of landscape elements; Density of historical/cultural landmarks
Agricultural Agrenomic Crop yield; Grassland yield; Yield variability; Animal productivity AFS; FL LMI; CI; IUL LL; FC; FSD;
productivity productivity KI; IIM; KI; CCPD
Resource-use Input efficiency; Nutrient efficiency; Labour efficiency; Energy efficiency; Water All mechanisms
efficiency efficiency; Feed efficiency; Input self-sufficiency
Profitability Economic output; Economic added-value; Total output; Total output variability; FL All mechanisms

# Scales and levels of organisation: AFS — Agricultural field scale; FL - Farn level; LS - Landscape scale.

* Mechanisms of agricultural intensity change: 1.MI - Land management intensity; CI - Capital intensity; IUI - Input-use intensity; LI - Labour intensity; FC - Farm
consolidation; FSD - Farm specialisation / diversification; RSC - Regional specialisation and concentration; VI - Vertical integration; KI - Knowledge intensification; IIM
- Improved information management; CCPD - Crop change and preduct differentiation; ID — Income diversification; C - Cooperation.

at the farm level to assess of the overall resource-use efficiency of the
farm. All other management intensity and agricultural productivity in-
dicators are primarily assessed at the farm level. Provided that the
number and stratification of the sample is representative, indicators at
the farm level can be aggregated at the landscape and regional scales to
identify broader structural changes in agricultural intensity.

Landscape structure indicators are primarily assessed at the land-
scape scale, to reveal potential causal linkages between alterations in
landscape structure and changes in the provision of ecosystem services
(see Section 4.2). However, some indicators are also relevant at the farm
level in order to distinguish the magnitude effects of intensity change
processes of individual farms within the landscape.

4.2. Assessing the effects of agricultural intensity change on ecosystem
service provision in Europe (Step 2)

We identified the effects of the different MAIC operating in Europe in
the provision of fourteen ecosystem services (Fig. 4; for a detailed
overview and references, see TablesB.2, B.3 and B.4 in Appendix B), and
accordingly specified indicators to assess these effects (Table 3). Most
ecosystem services are directly mediated by the provision of habitat
creation and maintenance, due to the role of agricultural farmland and
semi-natural vegetation in providing regulating functions (i.e., climate,
water, air quality, and extreme event regulation) or habitat for the or-
ganisms facilitating them (e.g., pollinators, soil regulating biota, pest
control organisms). Therefore, MAIC that alter habitat composition,
biotic interactions and overall ecosystem functioning through changes
in landscape structure and/or increased flows of pollutants (including
surplus of nutrients) have significant effects on bundles of regulating
services. These combined effects on regulating services may partially
negate the positive effects of MAIC enhancing material services (i.e.,
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energy, food and feed provision), potentially leading to further adjust-
ments in agricultural intensity as a response. In addition, mechanisms
that affect habitat creation and maintenance may also affect human-
nature interactions, leading to changes in the provision of non-
material services (i.e., supporting identities, experiences and learning).
These may, in turn, trigger societal responses. Ecosystem service pro-
vision indicators are primarily assessed at the landscape scale, though
soil regulation, detrimental organism regulasion and material services
are also appropriately assessed at the field scale.

4.3. Assessing the effecs of agricultural intensity change on sustainability
outcomes in Europe (Step 3)

Based on the SDG framework, we identified twelve themes of SO that
are affected at multiple scales by the MAIC operating in Europe. In this
section we provide a summary of these effects; for a detailed overview
and references, see Tables C.2, C.3 and C.4 in Appendix C. The respective
sustainability outcome indicators are specified in Table 4.

All MAIC affect the aggregated production and trade flows of agri-
cultural commodities, thus influencing outcomes related to SDG2 (End
hunger) and SDG7 (Access to energy), i.e., food and energy availability,
affordability, selfsufficiency and supply stability. These outcomes are
primarily assessed at the regional scale, including distant regions con-
nected through trade flows. The aggregated patterns of production,
trade and consumption are also pivotal for outcomes related to SDG12
(Sustainable consumption and production), which is assessed with the
indicators land, water and material footprints of food consumption at
regional and global scales. Land management, capital and input-use
intensification in livestock production affect animal welfare and
health. Such outcomesare also included in the SDG12 theme.

All mechanisms also bring about changes in monetary flows to and
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from the farm. Consequently, they affect outcomes at the farm level
related to SDG1 (End poverty), particularly farm household income
levels, and overall farm resilience (i.e., income stability, viability,
adaptability and autonomy). Mechanisms that operate through econo-
mies of size and scale may also trigger rebound effects leading to
structural changes at broader scales. For example, increased production
within a region due to widespread capital, land management and input-
use intensification may drive commodity prices down, putting addi-
tional competitive pressure on smaller farms, and potentially under-
mining their viability. Such processes thus affect outcomes related to
SDG10 (Reduce inequality). Indicators that assess income levels and
inequality at the regional scale are thus included in SDG1 and 10
themes, respectively.

Income and farm resilience, in turn, play an important role in out-
comes related to SDG3 (Health and well-being), due to potential psy-
chological distress experienced by farm households because of high
levels of debt (e.g., due to high capital intensity) and irregular monetary
flows (e.g., due to price volatility). In addition, long working hours can
cause injuries, be mentally stressful, and reduce opportunities for social
interaction, and therefore have a potential effect on farmers’ and
workers’ physical and mental health. Input-use intensification increases
health risks to farm managers and workers due to increased exposure to
pesticides during handling and spraying, and to surrounding commu-
nities through spray drift. It also leads to a high concentration of pol-
lutants in surface and groundwater resources, thus posing health risks to
communities that extract drinking water directly from the environment.
In addition, it may also increase consumers’ exposure to toxic chemicals
in food. Increased livestock density causes the degradation of air quality
through emissions of particulate matter, leading to increased risks of
respiratory diseases. It also increases the transmission risk and virulence
of zoonotic diseases and antimicrobial-resistant bacteria to both sur
rounding communities and consumers. Indicators at the farm level,
community level and regional scale are thus included as part of SDG3, to
assess the respective health outcomes in different groups of actors.

Aggregated monetary flows and labour demand within a region have
important effects on the economic output and employment of agricul-
ture and other related sectors (e.g., input suppliers, retailers, service
providers, food processing), thereby affecting regional-scale outcomes
related to SDG8 (Economic growth and employment). High unemploy-
ment resulting from a structural decrease in labour intensity may drive
(young) people to migrate to urban areas, leading to a shrinking and
ageing population. Concurrently, labour-intensive farms (e.g., horti-
culture specialists) rely on low-cost seasonal workers, often of niigrant
origin. Human and labour rights violations, limited health protection,
precarious housing conditions, and social exclusion are often reported.
Such processes and the resulting changes in social interactions play an
important role in the quality of life and social cohesion of rural com-
munities. As a result, indicators that assess these aspects are included in
the theme SDG11 (Sustainable cities and communities). In addition,
women are often worst affected when unemployment in rural areas is
high, which is then amplified by unbalanced responsibilities in terms of
household caring duties. Hence, indicators that assess women’s unem-
ployment and migration are also included as part of SDG5 (Gender
equality).

Mechanisms affecting non-material services, combined with capital
intensification (e.g., replacing historical farm buildings with modern
facilities), and specialisation/diversification (e.g., abandonment/uptake
of traditional farm practices and local varieties), may affect not only the
cultural heritage, sense of place, and quality of life of surrounding
communities, but also the potential for tourism and gassronomy. Hence,
indicators that assess these outcomes at the community level and
regional scale are included in the themes SDG11 and 8, respectively.

Combinations of MAIC that cause changes in water use, flows of
excess numrients and chemicals, and the provision of water regulating
services conmribute to outcomes related to SDG6 (Clean water), which
can be assessed with indicators of freshwater availability and quality at
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the landscape and regional scales. Mechanisms that contribute to
changes in landscape structure and the provision of regulating services
play a significant role in outcomes related to SDG15 (Sustainable
terrestrial ecosystems), assessed with indicators of biodiversity, land
degradation and deforestation. Several mechanisms affect SDG13
(Climate action) by contributing to direct and indirect GHG emissions at
the farm level. In addition, changes in land management intensity have
an impact on soil carbon content, farm consolidation affects carbon
sequestration, while drainage and irrigation conmribute to the release of
nitrous oxide and carbon dioxide. Indicators that assess these effects at
the field and landscape scales are thus also included. Finally, the overall
carbon footprint of the food system can be assessed at regional and
global scales, considering total GHG emissions from production to
consumption.

4.4. Selecting SI indicator metrics (Step 4)

Based on the three previous steps, we defined the hierarchical
swructure of the indicator framework for SI assessment in Europe (i.e.,
Tables 2, 3 and 4 combined). Indicator metrics were then selected for
each indicator at their respective scales/levels of measurement. The
resulting multi-scale framework for SI assessment in Europe is presented
in Appendix D.2 (Tables D.3, D.4 and D.5), including references to
methods and data sources.

Most farm- and community-level indicator metrics on agricultural
intensity change and socio-economic sustainability outcomes (i.e.,
SDG1, 3, 10, 11 and 12) can be derived through farm surveys and
stakeholder interviews. Indicator metrics related to farm accounting (i.
e., resource-use efficiency, profitability, SDG1 and 10) can be derived
from official national surveys, such as those collected by the EU Farm
Accountancy Data Network, which also provides aggregated metrics at
the regional scale for different farm typologies.

Several methods are available to derive indicator metrics at the field
and landscape scales for landscape structure, ecosystem service provi-
sion and environmental sustainability outcomes (i.e., SDG6, 13 and 15),
including: field surveys, stakeholder interviews, remote sensing, vol-
unteered geographic information, environmental monitoring and spatial
modelling. International initiatives have recently developed harmonised
indicator metrics for biodiversity assessment at the regional and global
scales (BIP/CBD, 2010; GEO BON, 2017; OECD, 2019). Ecosystem ser-
vice accounting is also increasingly receiving attention from both EU
and global governance initiatives aiming at developing accounting
systems at the country and sub-national levels (e.g., UNCEEA, 2021;
Vysna et al., 2021).

Environmental sustainability outcomes related to production and
consump#ion patterns (i.e., SDG12 and 13) can be derived at the farm
level through life-cycle assessment, and at regional and global scales
through environmental footprint assessment, and material and energy
flow accounting methods that link remote sensing with trade data.
Finally, regional- and global scale indicator metrics on sustainability
outcomes related to SDG2, 7, 8 and 11 are typically made available in
online data portals from official statistics offices and international
agencies and organisations.

The selected indicator metrics can then be implemented within a
decision-support tool with visualisation systems such as dashboards or
scorecards. Ideally, these tools should enable different groups of social
actors to visualise, for instance, (combinations of) interventions that
render improvements from their perspective but negative consequences
for concerns prioritised by other social actors (Cadillo-Benalcazar et al.,
2020). Such tools should thus be equipped with a user interface open to
semantic control (i.e,, with the ability to flexibly select and manipulate
the information relevant for a particular task), so that sub-selections of
indicators can be thematically organised. This could be done, for
example, in terms of the groups of actors for which the indicators are
relevant, and thescales at which the outcomes are manifest. This means
not only organising and distinguishing indicators for different types of
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driven responses to changes in the provision of ecosystem services are not depicted).

actors (e.g., farmers, workers, rural communities, consumers) but also
disaggregating indicator metrics fer similar types of actors with different
sets of characteristics (e.g., type of production system, income level,
region), in order to identify how (structural) changes in agricultural
intensity may affect similar types of actors in unequal ways (Broegaard
etal., 2017; Dawson et al., 2019, 2016; Rasmussen et al., 2018; Suwarno
et al,, 2016). [tisalsoimportant to allow for metrics with different units
of measurement for the same indicator. Seufert and Ramankutty (2017),
for example, identified contrasting findings in terms of environmental
performance of organic agriculture when assessing impacts per unit of
area and per unit of product. For guidelines on designing and encoding

visualisations representing socio-ecological processes and outcomes,
and analysing and visualising multi-scale sustainability trade-offs, we
refer to Sonderegger et al. (2020) and Kanter et al. (2018), respectively.

5. Discussion and conclusions

The proposed approach provides a clear rationale for identifying
attributes that are relevant for the assessment of SI in a particular
context, and their respective scales of measurement, based on the
explicit identification of relevant system boundaries, socio-ecological
processes, groups of actors and their respective stakes. In this way, the
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Table 3
Themes, sub-themes and indicators for assessing ecosystem service provision
(ESP) in Europe.

ESP themes ESP sub-themes ESP indicators
Regulating Habitat creatien and Habitat availability; Habitat
services maintenance connectivity; Habitat fragmentation;
Habitat quality; Net primary
production; Temporal stability
Pollination Pollination potential
Air quality regulation Air pollution retention capacity
Climate regulation Carbon sequestration potential; Albedo;
Evapo-transpiration; Temperature
regulation; Humidity regulation
Water quantity Water flow regulation capacity
regulation
Water quality Water pollution fileration capacity
regulation
Soil regulation Soil erosion regulation capacity; Soil
nutrient fixation capacity; Sediment
retention capacity
Extreme events Flood regulation capacity; Wind
regulation regulation capacity; Fire regulation
capacity;
Detrimental organisms ~ Natural pest conerol potential;
regulation
Material Energy production Potential cropyield for bioenergy crops
services Feed and feed Potential crop yield fer foed crops;
production Potential crop yield for feed crops;

Non-material
services

Learning and
inspiration

Physical and
psychological
experiences
Supporting identities

Landscape educational value;

Landscape aesthetic value; Landscape
recreational value

Cultural heritage value; Landscape
spiritual value

most common shortcomings of existing SI assessment frameworks are
addressed, particularly the incomplete coverage of sustainability di-
mensions and chains of causal effects, and arbitrarinessin the definition
and selection of indicators and scales of measurement (Janker and
Mann, 2020; Mahon et al., 2017; Schader et al., 2014). Scown and
Nicholas (2020), for example, found that the current EU Common
Agricultural Policy monitoring system is unable to conduct a balanced
assessment of many of its potentially competing goals because its se-
lection of indicators is biased towards only a few objectives.

Defining agricultural intensity broadly in terms of output/input ra-
tios enabled the identification of a diverse range of MAIC beyond land-
use intensification. This is in line with the conceptual framework of SI
fields of action proposed by Weltin et al. (2018), which, similarly to our
framework, also accounts for intensity change strategies based on
resource-use efficiency and added-value generation. Such mechanisms
are highly relevant as they provide farmers with potentially viable
strategies for improving their income and coping with ongoing swuc-
tural changes (i.e., scale enlargement, with diminishing margins) in
European agriculture (Maucorps et al., 2019; Tocco et al., 2015).

The SDG framework provided a useful heuristic for identifying
normative dimensions representative of the aspirations and concerns of
different groups of actors in Europe. While many of the identified sus-
tainability themes bore similarities to existing frameworks (e.g., farm
income, biodiversity, water pollution, climate change- see, for example,
Van Cauwenbergh et al.,, 2007, FAO, 2014, Smith et al., 2017), our
approach revealed a number of additional outcomes that are rarely
considered in SI assessments. This included, for example, farm house
holds’ (mental) health, seasonal workers’ health and living conditions,
animal welfare, cultural heritage and sense of place of rural commu-
nities, impacts on economicsectors not directly related to agriculture (e.
g., tourism), shrinking and ageing of rural population, energy security,
and consumers’ health. These sustainability themes are central torecent
European-wide policy initiatives, such as the European Green Deal (EC,
2019) and the Farm to Fork Strategy (EC, 20289), and ongoing debates on
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the sustainability of European agriculture (e.g., Bartz et al., 2019;
Navarro and Lopez-Bao, 2018; Pe'er et al., 2020, 2019, 2017, 2014).
These results underpin the usefulness of the generated framework to-
wards informing deliberations in the context of European agriculture.

The development of the framework also revealed the importance of
swructural feedbacks of production and consumption that operate across
nested scales and distant regions, thus reiterating the need for envi-
sioning SI pathways that coordinate transformative changes both in the
supply and demand side of food systems (Cadillo-Benalcazar et al., 2020;
Fuchs et al., 2020; Poore and Nemecek, 2018; Renner et al., 2020;
Scherer et al., 2018). Many of these processes and effects are also rele-
vant in non-European contexts, thus underlining the utility of our
approach for generating SI assessments generally.

The concept of multifunctionality is strongly associated to that of
sustainability, particularly in relation to agricultural landscapes and
their ability to sustain ecological functions, economic development and
the well-being of rural communities (O Farrell and Anderson, 2010;
Stoate et al., 2009; Wilson, 2010, 2009). Although we have not explicitly
addressed it here, many of the proposed indicators facilitate the evalu-
ation of landscape multifunctionality, and respective outcomes over a
wide range of sustainability themes. Analysing the multifunctionality of
agri-food value chainsis also relevant for sustainability, asit can expose
strategic and operational misalignments within chains, misallocation of
resources, and opportunities for creating not only economic, but also
environmental and social value (Fearne et al., 2012; Porter and Kramer,
2011). Hence, we recognise that the present approach could benefit
from a more explicit representation of value chain networks, and
respective indicator metrics to measure multifunctional value along
them, from farmer to consumer (e.g., Fagioli et al., 2017).

We illuswrated the proposed approach by generating a framework
specifically tailored to the European context. Europe as a whole was
thereby considered as a “context”, to the extent that it is a world region
where many countries share standardised systems of laws, regulations
and policy frameworks, a single common market, an advanced agricul-
tural sector integrated into global supply chains and, to some degree,
similar sets of principles, values and lifestyles. However, Europe is also
characterised by a large degree ofheterogeneity in terms of geographical
features, cultural manifestations and historical legacies. On this basis,
one could instead argue that it is actually composed of a patchwork of
diverse (sub-)contexts. Two interrelated challenges would arise, if the
framework were intended to be fully operationalised in a uniform way
across Europe. Firstly, only a few studies may have the time, resources
and/or expertise to fully evaluate such an exhaustive set of attributes for
an entire continent. Thus, some degree of prioritisation may be required
when selecting the attributes, processes and sustainability dimensions to
be evaluated. In fact, not all indicators are necessarily relevant for
quantification in every European sub-context. The framework presented
here should, therefore, not be regarded as a “one-size-fits-all” assess-
ment tool to be uniformly operationalised, but rather as a decision-
support tool open to semantic control for selecting indicators in func-
tion of the goals and scope of analysis. For example, regional scale in-
dicators can be selected to uniformly assess trends and benchmark
outcomes across regions for the whole of Europe, using metrics available
in public online databases or produced with large-scale models (e.g.,
Cerilli et al., 2020; Debonne et al., 2022). Indicators at the landscape
scale and farm level should be specifically selected for sub-contexts
based on their relevance (e.g., depending on the existing types of
agro-ecosystem, ongoing processes of intensity change, and the prior-
ities and concerns of different local groups of actors), and then evaluated
in place-based assessments. In such settings, the generated framework
can offer a saructured procedure to conduct integrated multi-scale SI
assessments for a variety of sub-contexts within the larger European
context, and accordingly evaluate the extent to which local aspirations
and developments in different locations converge/diverge towards
broader regional targets, global priorities and societal visions (e.g.,
Helfenstein et al., 2022).
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Table 4
Themes and indicators fer assessing sustainability outcomes (SO).
SO themes SO indicators Scales/levels of MAIC
measurement
SDG1 - Income level; Income stability; FL; RS; All mechanisms
End poverty Farm viability; Farm
adaptability; Farin autonomy
SDG2 - Food availability; Affordability; RS;PR All mechanisms
Zero hunger Supply stability; Self-sufficiency;
Safety; Nutrition security; Food
security
SDG3 - Mental health; Physical injuries; FL All mechanisms
Health and well Occupational exposure to
being pesticides; Zoonotic diseases;
Respiratory illnesses
Environmental exposure to GL LMI; CL IUT
pesticides; Exposure to nitrates
in drinking water; Zoonotic
diseases; Respiratory illnesses
Dietary exposure to pesticide RS LM[; CL IUT
residues and heavy metals;
Food-borne diseases
SDG5- Women unemployment; Women RS CL; LL; FC
Gender equality migration
SDG6— Freshwater availability; LS; RS LMI; CI; IUL;
Clean Water Freshwater quality FC; FSD; RSC;
1M
SDG7- Energy security RS; DR All mechanisms
Clean Energy
SDG8— Economic output agriculture; RS All mechanisms
Work and Economic output tourism;
economic Regional economic output;
growth Regional unemployment
SDG10 — Income inequality; Income CL; RS All mechanisms
Reduced stability; Parm adaptability;
inequality Farm autonomy; Poverty
SDG11 — Social cohesion; Workers' rights;  CL; RS All mechanisms
Sustainable Quality of life; Sense of place;
cities and Rural population; Air quality
communities
SDG12 — Animal health and welfare FL; RS LMI; CI; IUT
Sustainable
production and
consumption Land footprint; Water footprint; RS; DR LMI; CI; 1UL; FC
Nuwient footprint;
Material footprint
SDG13 - Carbon storage; Soil nitrous AFS; LS LMI; IUL, FC;
Climate action oxide emissions
Carbon footprint FL; RS; GS All mechanisms
SDG1S - Land degradation AFS; RS LML CI; IUL;
Sustainable Deforestation; Ecosystem LS; RS; DR FC; FSD; RSC;
terrestrial degradation CCPD
ecosystems Water biodiversity; Soil AFS; LS;
biodiversity; Above-ground RS; DR; GS
biodiversity
Functional biodiversity Ls
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Socio-ecological processes

Commodity and monetary flows

Commodity and monetary flows

Private and wcrk interactions;
Livestock-human and
human-—nature interactions;
Monetary, poliutant and
pathogen flows

Water, pollutant and pathogen
flows

Commodity flews

Private and werk interactions;
Migradon flows

Water, pollutant and pathogen
flows

Commodity and monetary flows
Commodity, monetary and
people flows

Commodity and monetary flows

Migration flows; Private, work
and business interactions;
Human-nature interactions;
Pollutant flows
Human-livesteck interactions

Commodity flews

GHG flews

Ecosystem functioning; Species
migration; Pollutant flows

Mediating
ecosystem
services

Regulating and
material setrvices

Regulating and
material services

Air quality
regulation;
Water quality
regulation

Water and soil
regulating
services
Regulating and
material services
All ES

Regulating and

material services

Regulating and
nonmaterial
services

Climate
regulation

Regulating
services

Relevant actors

Farm managers and
households; Workers

Consumers

Farm managers and
households; Workers

Communites

Consumers

Farm households;
Communities
Fann managers;
Communities

Consumers

Farin managers;
Communi¥es;
Agriculturerelated
sectors: Tourists
Farm managers and
houscholds; Workers;
Communities
Communities; Fann
workers

Fann managers;
Workers; NGOs;
Consumers
Consumers

Fann managers;
Consumers

Fann managers;
Nature conservation

* Scales and levels of organisation: AFS — Agricultural field scale; FL - Farm level; CL - Community level; LS - Landscape scale; RS - Regional scale; DR — Distant region

GS - Global scale.

® Mechanisms of agricultural intensity change: LMI - Land management intensity; Cl - Capital intensity; IUI - Input-use intensity; LI - Labour intensity; FC - Farm
consolidation; FSD - Farm specialisation / diversification; RSC - Regional specialisation and concentration; VI - Vertical integration; Kl - Knowledge intensification; IIM
- Improved infermation management; CCPD - Crop/breed change and product differentiation; ID - Income diversification; C — Cooperation.

The second challenge is that accurately assessing the effects of
agricultural intensity on ecosystem services entails the detailed
consideration of several local-specific biogeophysical conditions, socio-
ecological processes and complex feedback loops operating with
different time-lags. Hence, assessing these processes for the whole of
Europe in a comparable way, although possible through the use of large-
scale spatially-explicit models (e.g., Maes et al., 2020; Mouchet et al.,
2017; Stiirck et al., 2018), requires a considerable degree of simplifi-
cation in terms of both spatial resolution and formal representation of
the processes in the models. Such largescale models should only be used
for the purpose of mapping major trends and identifying conmrasting
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trajectories across regions (e.g., Felix et al., 2022; Stiirck et al., 2018;
Verhagen et al., 2018). For an accurate assessment at the local/land-
scape scale, dedicated models with more detailed data and process
representation need to be developed.

With regard to this last point, one must assert that, for the generation
of useful narrasives to guide action in sustainability governance, itis the
quality of the process of production and use of scientificinformation that
matters most, and not necessarily the technical accuracy of the assess-
ment per se (Giampietro et al.,, 2006; Renner and Giampietro, 2020).
Sustainability assessmentsat the science-policyinterface must often deal
with “wicked problems”, where facts are uncertain, values are in
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dispute, decisions are urgent, and stakes are high (Kuhmonen, 2018;
Saltelli et al., 2020). Consequently, they are inherently fraught with
both technical and social incommensurability, leading to considerable
and unavoidable uncertainty, both in terms of normative framing and
quantitative representation (Giampietro, 2003; Sala et al., 2013). On
these grounds, sustainability assessments can greatly benefit from
adopting a Post-Normal Science (PNS) approach (Sala et al., 2015;
Saltelli et al., 202@). PNS encourages scientists to work closely together
with an extended peer community constituted by all those with legiti-
mate stakes or interests, so as to promote mutual learning and safeguard
the quality of the process by acknowledging a plurality of perspectives
and different types of uncertainty (Funtowicz and Ravetz, 1993;
Mayumi and Giampiewo, 2006).

In closing, we recommend the proposed approach to be integrally
implemented as part of a participatory process involving different
groups of stakeholders and experts, for the co-production of knowledge,
negotiation of normative dimensions and specification of indicators.
Such a process should be conducted in an iterative way, so as to ensure
that: i) the chosen system representation is representative of all legiti-
mate sets of perceptions, interests and concerns of different groups of
actors; ii) the meaning of the indicators have a shared understanding
among actors; and iii) the selected indicator metrics provide a good
proxy for defining and assessing their different priorities and targets
(Giampietro, 2003; Giampiewo et al., 2006). Stakeholders should be
involved from the very beginning during the problem formulation
phase, because these pre-analytical choices will determine the quality
and usefulness of the problem structuring used later on when developing
and proposing solutions (Binder et al., 2010; Giampiewo et al., 2006;
Yegbemey et al.,, 2014). In addition, it is crucial to ensure that a diverse
set of perspectives are included in the process, and that no single interest
dominates or constrains the problemsolving process. Power asymme
wies, in particular, need to be given special attention, sincelarge orga-
nisations may attempt to mainstream implausible narratives on the
framing of problems and solutions in order to promote internal agendas,
for example, by endorsing “socio-technical imaginaries” that avoid
“uncomfortable knowledge” (e.g., Giampiewo and Funtowicz, 2020) or
manufacturing doubts regarding scientifically well-supported knowl-
edge claims (e.g., Goldberg and Vandenberg, 2021; Kitcher, 2010). The
experts leading the process must therefore have an active role in
checking the quality and plausibility of the narratives endorsed by
different actors and/or generated by the assessment. For this purpose, a
diverse set of reflexive analytical tools (e.g., controversy studies, sensi-
tivity auditing, ethics of science for governance) is available and should
be applied in order to ensure the saliency, legitimacy and credibility of
the different narratives (Saltelli et al., 2020).

The application of the approach through literature review, as illus-
trated in this article, should therefore be understood only as a first step
in supporting researchers during the preparatory phase of an assess-
ment, allowing them to:

e obtain a first comprehensive overview of agricultural intensity and

sustainability themes that are potentially relevant, as a basis for

mapping out stakeholder groups with legitimate interests and
concerns;

identify available methods and data sources, as the basis for evalu-

ating potential requirements and feasibility of the assessment (e.g.,

in terms of resources and expertise) and defining priorities;

e identify, a priori, potential blind spots and limitations of the
assessment. These include intensity and/or sustainability themes
that are potentially relevant but will not be sufficiently covered, due
to a lack of resources and data. This, in turn, facilitates swansparent
communication to the general public, and/or identification of
alternative methods (e.g., synthesis studies, participatory methods)
that may complement the assessment.

Overall, we consider the approach presented here to be a step
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forward in defining wransparent procedures towards the development of
sustainability assessments that can anticipate the feasibility, viability
and social desirability of alternative agricultural development path-
ways. The creation of such transparent information spaces will hopefully
stimulate an informed public debate about the operationalisation of SI
and increase the quality of deliberation over the sustainability of agri-
culture and its potential conwibution to achieving SDGs.
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ABSTRACT. Global commodity flows between distally connected social-ecological systems pose important challenges to sustainability
governance. These challenges are partly due to difficulties in designing and implementing governance institutions that fit or match the
scale of the environmental and social problems generated in such telccoupled systems. We focus on the spatial dimension of governance
fitin relation to global commodity flows and telecoupled systems. Specifically, we draw onexamples from land use and globalagricultural
commodity governance to examine two overarching types of governance mismatches: boundary mismatches and resolution mismatches.
We argue that one way to address mismatches is through governance rescaling and illustrate this approach with reference to examples
of three broad types of governance approaches: trade agreements, due diligence laws, and landscape approaches to supply chain
governance. No single governance approach is likely to address all mismatches, highlighting the need to align multiple governance

approaches to govern telecoupled systems effectively.

Key Words: environmental governance; human-environment interactions, scale; spatial mismatch; supply chain, telecoupling

INTRODUCTION

Local sustainability problems are increasingly shaped by distal
actors and processes through global flows of information, people,
goods, and services. Demand for commodities such as palm oil,
soy, meat, cocoa, and rubber produces negative social and
environmental impacts, includingdeforestation, biodiversity loss,
food insecurity, agri-chemical pollution, and consolidation of
landholdings, in production regions that are often far removed
from sites of consumption (Larocheet al. 2021, Cotta et al. 2022,
Roux et al. 2022). Such sustainability problems often transcend
traditional political boundaries, which makes it challenging to
design governance institutions to fit the scale of the problems.
Where governance institutions do not match the scale of the
problems they are expected to address, scholars have diagnosed
“problems of fit”, “mismatches”, or “misfits” (Young 2005, Folke
et al. 2007, Galaz et al. 2008). The degree of fit may pertain to
alignment between a given social-ecological problem and a
governance response in spatial, temporal, or functional terms
(Cumminget al. 2006, Folke et al. 2007). Issues of governance fit
are well researched with regard to regionally bounded or
transboundary social-ecological systems such as aquatic or
riverine ecosystems {Moss 2012, Bergsten et al. 2014). However,
research has not yet systematically explored solutions to spatial
mismatches in social-ecological systems connected across long
distances, so-called telecoupled systems (Sikor et al. 2013,
Munroe et al. 2019, Newig et al. 2020).

Telecoupling denotes long-distance connections between two or
more social-ecological systems that are linked through material

and non-material flows (Liu et al. 2013, Eakin et al. 2014, Friis
et al. 2016). The telecoupling concept supports analysis of how
social-ecological changes in one place are related to social-
ecological processes elsewhere. Rather than confronting
globalization as a diffuse, complex, and all-pervasive
phenomenon, a focus on telecoupling helps to delineate and
analyze particular connections, place-specific social and
environmental impacts, and their (often remote) drivers in a
globalizing world (Challies et al. 2014, Friis and Nielsen 2019,
Sonderegger et al. 2020).

Governance in telecoupled systems is challenging because the
drivers and effects of global flows often lie beyond the reach of
national governments, companies, or citizens. Existing
sustainability governance initiatives that govern global flows of
agricultural and forestry commodities, such ascorporate pledges,
voluntary sustainability standards, public-private partnerships,
and multistakeholder initiatives, are not necessarily effective in
driving sustainable supply chains(Garrett et al. 2019, 2021, Grabs
et al. 2021, Meemken et al. 2021). Research has attributed the
ineffectiveness of governance interventionsin partto mismatches
between the scale of the governance institution and the scale of
the underlying problem (Young 2005).

Here, we explore the problem of spatial fit between governance
arrangements and the social-ecological problems they address in
relation to land use, as well as global agricultural commodity
governance and telecoupled systems more broadly. We focus
specifically on the question of spatial fit because telecoupled
sustainability problems are inherently related to issues of spatial
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scale. We distinguish two overarching types of spatial mismatches:
boundary mismatches and resolution mismatches, building on
previouswork by Cummingetal.(2006)and Bergstenetal.(2014).
Whereas boundary mismatches denote situations in which social-
ecological processes transcend governance boundaries, resolution
mismatches refer to governance schemes designed at too coarse
a spatial scale to effectively address the issue at hand (Bergsten et
al. 2014). We present illustrative empirical examples from land
and global agricultural commodity governance to elucidate how
problems of spatial fit impede the effective governance of land
and land-basedresourcesin telecoupled systems. We alsoexamine
governance approaches to address this problem. We contend that
a better understanding of the types of mismatches that arise in
efforts to govern global commodity flows will contribute to
identification of leverage points for effective governance
interventions in telecoupled systems (Carrasco et al. 2017,
Munroe et al. 2019, Newig et al. 2020).

THE PROBLEM OF FIT

The problem of fit has been widely researched in political science
and social-ecological systems literature. Scholars have examined
mismatches between the spatial, temporal, and functional scales
of governance institutions and the scales of social-ecological
processes (Cumming et al. 2006, Folke et al. 2007, Galaz et al.
2008, Ekstrom and Young 2009, Epstein et al. 2015). Here, scale
isunderstoodas “the various levelsat which a phenomenon occurs
in the dimensions of space and time” (Young 2002a:26). Because
of institutional mismatches, governance responses to
environmental threats often struggle to address the full extent of
the problem (Ekstrom and Crona 2017). For example, drivers of
land-use change operate at multiple levels and spatial scales.
International trade, regional development policies, national
property rights regimes, and local people’s agricultural practices
are among the many factors that may lead to land conversion
(Geist and Lambin 2002). However, governance mechanisms
typically target a single level (e.g., national forestry laws), and thus
do not provide adequate solutions to the challenge of governing
wider resource systems (Nagendra and Ostrom 2012).
Governance arrangements that only partially cover the resource
or ecosystem in question have built-in limitations that impede
their ability to fulfill their goals (Young 2005).

Various possible configurations of spatial mismatches exist (Fig.
1). The governance scale may be smaller than thesocial-ecological
system scale (Fig. lA). For example, a municipality may not be
able to effectively address air pollution, which is caused by local
factories but dispersed beyond municipal boundaries.
Governance at larger scales, such as national regulations, may
solve the problem (upscaling of governance). Similarly, the
governance scale may only partially cover the social-ecological
scale (Fig. 1B), as is often the case, for example, with governance
of transboundary rivers. In such situations, upscaling may be
more difficult in the absence of an authority at a higher governing
level. Moreover, governance institutions and actors may have no
jurisdiction at all over the social-ecological scale of an identified
problem (Fig. 1C), such as in the case of a country lacking the
authority to regulate illegal logging by a company domiciled in
the country but operating in a neighboring country. Lastly, the
governance scale may be greater than the social-ecological scale
(Fig. I D). In such cases, regulation at a (much) larger scale than
that of theecological problemmay lack the regulatory specificity
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to “come to terms with local varations in biogeophysical
conditions and [lack] sensitivity to both the knowledge and the
rights and interests of local stakeholders™ (Young 20025.283; see
also Ostrom 1990). For example, much of European Union
legislation has been criticized for being too insensitive to local
contexts, despite the EU’s principle of subsidiarity (Article 5
Treaty on Europcan Union), which demands that decisions
should be taken at the most appropriate level of governance, and
that the EU should only take action when national, regional, or
local governments are unable to achieve a particular objective.
The EU Water Framework Directive provides an example of
governance that seeks to avoid resolution mismatches. It requires
member states to develop River Basin Management Plans to guide
local and context-specific implementation (Jager et al. 2016). An
institutional fit emerges if the governance scale equals the social-
ecological scale (Fig. 1E), as in the case of the global agreements
reached in the Montreal Protocol on Substances that Deplete the
Ozone Layer to address a global problem (Epstein et al. 2014).

Fundamentally, the problem of fit concerns the question of how
to scale or rescale governance arrangements so that they have the
best possible institutional fit with the targeted social-ecological
dynamics. Establishing the most appropriate fit requires a trade-
off between theadvantages of better coordination at higherscales,
which may reduce the risk of overlooking spatial externalities,
and the risk of lacking context sensitivity and legitimacy among
local actors, impeding effective implementation (Newig and Moss
2017). Importantly, problems do not occur at a single scale that
is objectively given, but different actors perceive and frame
problems at different scales and levels (Padt et al. 2014). For
example, if state actors aim to meet forest restoration
commitments made under international agreements and frame
the problem solely at an ecological scale, a national afforestation
program fits with the objective of forest restoration for carbon
storage. However, if the problem is framed at a social-ecological
scale, a single homogeneous afforestation program may suffer
from a resolution mismatch and fail to address context-specific
challenges related to rural livelihoods (Wiegant et al. 2020,
Coleman et al. 2021). Thus, evaluations of fit depend upon how
a problem is framed and by whom (Epstein et al. 2015). What is
perceived as the “optimal scale” may vary among actors, and the
scale at which they define a problem will influence their
preferences for governance rescaling. For example, political and
societal actors may strategically frame certain problems at the
global scale if they perceive national governments as a possible
hindrance to solving the problem, or if they want to avoid
assuming responsibility and implementing domestic measures
(Gupta 2014).

Here, we build on the concept of institutional fit, which is based
on the underlying normative assumption that institutional scale
can be optimized to avoid spatial externalities (Moss and Newig
2010). Thus, we focus on how individual institutions face this
problem of (it. Nevertheless, we recognize thatgovernancealways
involves the interplay of different institutions. Analysis of
institutional fit is closely linked to the analysis of institutional
interplay because social-ecological problems are typically
governed by various institutions at different spatial scales (Young
2002a). Although no institution operates in a vacuum, it can be
useful to assess the spatial (it of a specific institution in isolation
fromthe broader institutional landscape. This approach simplifies
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Fig. 1. Scale (mis-)matches between social-ecological (green) and governance (orange) scales. (A-C)
Boundary mismatches. The institutional boundaries do not match with the spatial boundaries of the
social-ecological problem, creating spatial spillover effects. (D) Resolution mismatch. The governance
institution does not fit the specifics of the (local) social-ecological context that is to be addressed by
governance and hence lacks sufficient spatial specificity. A single governanceinstitution typically
addresses a class of social-ecological problems that occurs in multiple distinct localities that have specific
contextual features, to which a single governance institution cannot necessarily be adjusted. (E) Spatial

fit. Illustration inspired by Newig et al. (2013:13).
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the analysis and does not consider all interdependencies, but it
enhances analytical tractability and makes it easier to identify
governance weaknesses and gaps (Young 2005). The analysis of
institutional mismatches can be complemented with considerations
of how to create linkages and facilitate interactions among
various institutions. We return to considerations of the relation
between institutional fit and interplay below.

THE PROBLEM OF SPATIAL FIT IN TELECOUPLED
SYSTEMS

Research on institutional fit has primarily focused on cases of
natural resources in specific social-ecological systems. Studies
have been conducted on forest governance (Shkaruba and
Kireyeu 2013, Bodin et al. 2014, Melnykovych et al. 2018), water
governance (Lebel et al. 2005, 2013, Moss 2012, Enquist et al.
2020), and land and wildlife management (Bergsten et al. 2014,
Dressel et al. 2018). Most research has focused on mismatches
between local, regional, and national governance institutions and
the social-ecological systems they target, but a smalland growing
pool of literature investigates transboundary and larger scale
social-ecological problems such as depletion of the ozone layer
orpollution of international watersheds (Coxetal. 2014). Challies
et al. (2014) observe that social-ecological systems research itself
has mostly examined small, tightly coupled systems, rather than
connections and interdependencies that exist between multiple
social-ecological systems linked through global production
networks and supply chains (Nystrom et al. 2019). Research on

telecoupling is increasingly addressing this research gap by
investigating the causes, drivers, and implications of globally
linked social-ecological systems. Telecoupling research has
referred to the problem of mismatches, but the definition and
application of the concept in the context of telecoupling remains
limited (Oberlack et al. 2018, Munroe et al. 2019, Zaehringer et
al. 2019, Newig et al. 2020). The important question of how to
align thescale of governance with the scale of thesocial-ecological
problem at hand remains largely unaddressed in research on
governing telccoupled social-ecological systems.

Telecoupling is one distinct ideal-typical configuration of
interdependent social-ecological systems (Fig. 2). Telecoupled
systems arise when the activities of actors in one system affect a
social-ecological system elsewhere (e.g., through international
trade or the displacement of extractive activities from one place
to another), thereby creating social-ecological interdependencies.
Consequently, feedbacks can develop, for example, when actors
in one location become aware of the displaced effects of their
actions and seek to mitigate them through measures such as
increased conservation funding.

Telecoupled systems are characterized by geographical distance
between the place where the social or environmental impacts
occur and the places where underlying causes are found. The
geographical distance is often associated with social and
institutional distances between the socioeconomicsystems (Eakin
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etal. 2014, Niewohner etal. 2016, Friis and Nielsen 2017) because
they tend to be governed by different, functionally independent
institutional arrangements, social networks, and actors (Eakin et
al. 2017). Even when distant actors are willing to work together,
transaction costs of cooperating on sustainability issues are often
much higher than in local or transboundary settings (Newig et al.
2020). Geographical, social, and institutional distances thus
hinder the creation of appropriately scaled governance
institutions in telecoupled systems in at least four ways.

Fig. 2. Ideal types of interconnected social-ecological systems
and their interdependencies. Systems comprise socioeconomic
building blocks (blue), ecological building blocks (green), and
their interdependencies (arrows). (A) In a regionally bounded
system, two socioeconomic systems share the same ecological
resource base; e.g., two communities harvest wood from the
same forest. (B) In a transboundary system, two socioeconomic
systems rely on resources or ecosystems that are ecologically
connccted; e.g., pollution of a river by an upstream riparian
country may affiect fish populations in a downstream riparian
country. (C) In telecoupled systems, the ecological systems are
geographically separate but are connected through social-
ecological processes such as trade in agricultural commodities.

(a) Regionally bounded system

{b) Transboundary System

{c) Telecoupled System

First, the absence of manifest ecological feedbacks between
telecoupled systems obscures the remote causes and effects of
certain decisions and actions. In many locally bounded or closely
neighboring social-ecological systems, the activities of one group
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of resource users will have direct effects on other users (Lebel et
al. 2005, Bergsten et al. 2014, Kininmonth et al. 2015). With
transboundary water resources, for example, withdrawals in one
place affect downstream availability. In telecoupled systems,
however, there is usually no such direct ecological feedback. For
example, tropical ecosystem degradation driven by commodity
production for export to European markets causes biodiversity
loss in producing regions or carbon emissions, but does not
directly affect European consumers in the short term. Where
feedbacks are delayed or indirect, it is also difficult to attribute
specific social-ecological effects to particular activities (Carlson
et al. 2018). Consequently, the actors driving telecoupled
interactions do not necessarily experience the negative effects of
their actions or recognize the connections between past actions
and subsequent negative effects (Newig et al. 2020). They may
therefore have very little incentive to formulate or adapt
gOVernance responses.

Second, as a result of the above situation, recognition of and
concern about specific problems may depend on social or political
actors highlighting causal linkages between certain actions and
distant outcomes. “Problem-brokers” or “political entrepreneurs”
can play important roles in framing and problematizing
unsustainable connections between telecoupled systems (Bastos
Lima et al. 2019, Meyfroidt et al. 2022). Once distant ecological
or social conditions attract sufficient public attention and
concern, a policy window opens wherein various governance
interventions may become possible (Kingdon 1984, Eakin et al.
2017). Improved transparency, through the collection and
dissemination of information on flows and impacts, can enable
or instigate governance responses to telecoupled issues (Gardner
et al. 2019). For instance, increasing media attention on
environmental issues such as deforestation has put pressure on
the EU to address soybean production in the Amazon region
(Mempel and Corbera 2021). Several interventions have emerged
to tackle deforestation embedded in international trade and to
reduce “imported deforestation™ from EU consumption (Bager
et al. 2021).

Third, governance mismatches arise when governance responses
misdiagnose a problem or neglect its wider drivers. Interventions
that target only the direct ecological effects of an activity risk
merely displacing it to other social-ecological systems. For
example, European demand for soy is associated with negative
ecological impacts such as deforestation in producer countries
(Pendrill et al. 2019, Schilling-Vacaflor et al. 2021). Addressing
tropical deforestation at the scale of a single region such as the
Amazon is unlikely to be effective because demand for forest-risk
commodities will persist. Therefore, governance interventions
such as the Brazilian Soy Moratorium, whichtargets the Amazon
specifically, have displaced deforestation to other areas such as
the Cerrado region (Dou et al. 2018).

Fourth, the places and governance institutions implicated in
telecoupled systems may have very little history of prior
collaboration (Newig et al. 2020). The social and institutional
distance between telecoupled systems may mean that separate
policies, actors, and networks governlargely independently. In the
absence of joint institutional structures, governing telecoupled
systems is challenging because governance actors face issues that
extend beyond their jurisdiction. For example, consumption in
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the EU hassocial-ecological effects beyond EU borders (Kastner
etal. 2015, Dorninger et al. 2021, Roux et al. 2021). However, the
EU’s ability to govern these issues has clear limitations given the
national sovereignty of external countries and World Trade
Organization rules.

DIFFERENT TYPES OF MISMATCHES IN
TELECOUPLED SYSTEMS

We apply the concepts of boundary and resolution mismatches
to telecoupled systems. We identify the underlying governance
problem associated with each type of mismatch, outline two
particular mechanisms of boundary mismatches and illustrate
with examples from both public and private governance
perspectives (Table 1). Our distinction between ideal-typical
configurations of mismatches helps in elaborating how the scale
of governance institutions often does not align with the scale of
social-ecological problems

Boundary mismatches in telecoupled systems

Boundary mismatches arise in telecoupled systems when the
spatial reach of governance structuresis such that thesestructures
do not internalize existing social-ecological externalities of
activities (i.e., spillovers; Fig. 3A) or when public policies or
transnational economic activities produce new externalities (i.e..
leakages; Fig. 3B). Spillovers describe events or developmentsthat
are not targeted by a given governance intervention, whereas
leakages are a form of spillover caused by a governance
intervention (Meyfroidt et al. 2020).

Spillover

In case of spillovers (Fig. 3A), part of the problem remains
unaddressed because it lies outside the domain of the governance
institution. The omitted part of the problem is referred to as a
spillover, which is broadly understood as an indirect effect of an
activity or intervention (e.g., policy, program, or new technology)
that occurs outside the targeted area (Meyfroidt et al. 2020).
Spillovers emerge because governance actors may not be aware
of the full scale of the social-ecological problem, may be
uninterested in or unable to govern what happens beyond their
jurisdictional boundaries, or may intentionally neglect parts of
the problem (Bastos Lima et al. 2019). For example, voluntary
sustainabilitystandards often focus on reducing harmful on-farm
effects at sites of production but tend to neglect off-farm effects
such as reduced downstream water availability or air pollution
from pesticide use (Zaehringer et al. 2018, Parra-Paitan and
Verburg 2022, Sonderegger et al. 2022). Spillovers can also
cascade to further social-ecological systems (as indicated in Fig.
3A) and have cumulative effects, which makes it difticult to
identify causal connections (Busck-Lumholt et al 20224).

The transnational operations of companies make it challenging
to achieve institutional fit and to internalize the extra-
jurisdictional social and environmental effects of global supply
chains. Because multinational enterprises operate beyond the
jurisdictional reach of individual states, the externalities of their
activities are often not addressed by existing governance
institutions. These actors are not accountable to any single
authority that matches their scope of operation (Kobrin 2009).

Private actors may encounter boundary mismatches in their
effiorts to govern supply chains for two reasons. First, individual
companies may lack oversight and influence over some or all of
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their suppliers and therefore lack the ability to control the
environmental and socioeconomic effects of production. For
example, approximately one-quarter of the solid wood furniture
that IKEA sells is manufactured in Chinese factories that source
their timber from other countries, in particular Russia (Newell
and Simeone 2014). IKEA attempted to control the timber
sourcing of its Chinese subcontractors to “green” its supply
chain but was unsuccessful because of the geographical distance
to upstream activities, the large number of intermediaries
between timber extraction and retail, and an inability to trace
timber to a specific logging permit (Goldstein and Newell 2020).
Additionally, supply chain configurations change over time (dos
Reis et al. 2020). China has long depended on Russian wood for
the manufacture of finished wood products for export to the
United States, but the specific companies within these supply
chains change regularly (Goldstein and Newell 2020). Even
where large, powerful retailers dictate prices and quality
standards to their suppliers, their ability to control sustainability
along the value chain is often limited because of the mismatch
between their governance reach and the scale of the social-
ecological problem. Companies are often not able to monitor
their indirect suppliers, which makes it difficult to implement
chain-wide sustainability policies (zu Ermgassen et al. 2022).

Second, companies may govern particular segments of their
supply chain but neglect others, which constitutes a boundary
mismatch if the goal is to create sustainable supply chains that
encompassthefullvaluechain. Forexample, textile certifications
generally focus on either the upstream end of the supply chain
(ie., organic and fair cotton production) or the midstream
section (i.e., working conditions of garment workers; Partzsch
2020), but seldom cover all segments of the supply chain.

Leakage

A leakage may emerge when a governance intervention induces
externalities (Fig. 3B). The governance intervention produces
effectsthat contradict its objectives and reduce the overall benefit
of the interventions, which constitutes a leakage -effiect
(Meyfroidt et al. 2018, Bastos Lima et al. 2019). For example,
the EU’s Renewable Energy Directive created additionaldemand
for biof uel crops produced outside of the EU and thereby fuelled
land-use change and deforestation in tropical countries,
counteracting the goal of reducing greenhouse gas emissions
(Bastos Lima 2021). This process has also been described as
“governance inducing telecoupling”™ (Newig et al. 2019), i.e.,
situations in which governance initiatives themselves create new
distal interactions with positive or negative outcomes.
Recognition of the negative distal effects led to revision of the
Renewable Energy Directive to mitigate indirect land-use change
(Bastos Lima 2021). In other instances, the leakage effect does
not occur across a great distance but can be in proximity to the
target area. For instance, if a forest moratorium prohibits
deforestation within designated areas, the activity may simply
shift to nearby areas not covered by the moratorium (Meyfroidt
et al. 2010, Leijten et al. 2021).

Justlike public governance, private governance can havespillover
effects and leakages. For instance. if private conservation actors
focus their efforts on specific regions such as the Brazilian
Amazon, that leaves other regions such as the Cerrado and Gran
Chaco comparatively less well protected, and land conversion

61



Ecology and Society 28(2): 24
https://www.ecologyandsociety.org/vol28/iss2/art24/

Fig. 3. Boundary mismatches. Governance institutions neglect social-ecological problems that transcend
established jurisdictional boundaries due to spillovers (A) or leakages (B).

(a)
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Unaddressed part(s) of the problem
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(b)

Effect(s) induced by the intervention

may be displaced to those regions (Soterroni et al. 2019, Qin et
al. 2022). In short, leakage occurs when the side effects of an
intervention escape the scope of governance.

Resolution mismatches in telecoupled systems

Resolution mismatches represent a second problem of
governance lit in telecoupled systems (Fig. 4). Because
international or transnational governance institutions usually
aim to address a social-ecological problem that occurs in more
than one place, they are not specific to the social and ecological
attributesof a particular social-ecological system or a particular
telecoupling. If governance occurs at too coarse a scale, meaning
that governance instruments are not context sensitive or flow
specific, they are unlikely to be successful because “one-size-lits-
all” panaceas do not exist (Ostrom et al. 2007, Meyfroidt et al.
2022).

For example, international governance schemes such as
Multilateral Environmental Agreements tend to be too general
to govern specific telecoupled systems because international
conventions, agreements, and commitments typically involve a
large number of signatories, have a general thematic scope, and
are not specific to any particular flow.”! Of approximately 250
Multilateral Environmental Agreements worldwide, only 15
explicitly include trade-related provisions for environmental
protection (World Trade Organization 2021). International
governance schemes cover a large spatial scale and require a broad
institutional outlook that can be implemented in heterogeneous
national and local contexts. Because most international

institutions are not supranational, meaning that they do not have
authority beyond that of their respective members, they rely on
lower-level institutions for implementation, which, however, have
limited abilities to govern the causes or effects of cross-border
flows beyond their jurisdictional boundaries. If the
implementation pathway is not defined and lower-level
institutions have neither the capacity nor the experience to
implement higher-level governance objectives, a spatial scale
challenge emerges (Wiegant et al. 2020). Global environmental
governance is often directed toward reaching global targets (e.g.,
Paris Agreement, Aichi Biodiversity Targets, Bonn Challenge).
However, target-based governance has been criticized for the gap
between international policy and national implementation, the
missing linkages between national governments and on-the-
ground actions, and the unclear definitions of some wording of
the targets (Hagerman et al. 2021, Perino et al. 2022).

In the context of private governance, supply chain actors may set
broad, blanket-coverage sustainability goals that are meant to
apply across entire supply chains but are, for that reason,
ambiguously defined, limited in scope, and poorly
operationalized in terms of concrete and measurable targets. For
example, in a sample of 513 companies in the coffee sector, only
one-third reported tangible commitments to sustainability,
whereas the remaining companies reported no or vague
commitments (Bager and Lambin 2020). Similarly, companies
may adopt zero-deforestation commitments without setting clear
implementation goals, mechanisms, or deadlines, which impedes
effective implementation across the contexts in which they operate
(Garrett et al. 2019).
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Table 1. Boundary and resolution mismatches in the governance of telecoupled social-ecological systems.

Boundary mismatch

- .. +
Definition

Governance institutions neglect social-ecological problems that transcend

established administrative or jurisdictionat boundaries

Underlying problem
Mechanism
Description

Lack of governance extent
Spillover

Governance institutions do not
govern a social-ecological problem
that expands beyond their
administrative or jurisdictional
boundaries

European countries have not (yet)
implemented specific public policies
to mitigate the deforestation effects
of their demand for soy in remote
jurisdictionsg

A Voluntary Sustainability
Standard focuses on reducing
harmful on-farm impacts at sites of’
production but neglects

Example from a
public poliqy
perspective®

Example from a
private governance
perspective

Leakage

Governance institutions address a
social-ecological problem but crcate
leakage(s), i.e., counterproductive
effiects outside the targeted area or
domain of the intervention

A forest moratorium shifts
deferestation to neighboring areas
or other countries, producing
negative externalities in distant
Jjurisdictions

Supply chain actors implement
zero-deforestation policies that
target only one region, allowing
actors in otherregions or

Resolution mismatch

Governance institutions have too coarse a spatial
resolution than is suitable to address the social-ecological
problems at hand

Lack of governance precision

Panacea trap

Governance institutions are not specificenough to be
effiectively implemented and enforced

A Multilateral Environmental Agreement that is too broad
in scope to govern particular telecoupled {lows

Supply chain actors set broad sustainability goals that are
insufficiently operationalized and lack specific and
measurable targets, unambiguous definitions, and exact
coverage

sustainability issues outside the
farm such as air pollution from
pesticide use

neighboring countries to deforest

'Adaptcd from Bergsten ct al. (2014).

‘We present the different types of mismatches from both public policy and private governance perspectives because their analytical focus differs. From a
public policy perspective, the focus is on the jurisdictional scale, defined as clearly bounded political units (e.g., towns, provinces, states, or countries; Cash et
al. 2096). In contrast, the private governance perspective puts more emphasis on the scale of the supply chain or associated flows.

The newly adopted EU Regulation on deforestation-free supply chains addresses this mismatch (European Commission 2022). It is expected to enter into
force in summer 2023. @nceit is in force, operators and traders will have 18 monthsto implement the new rules.

As a result of resolution mismatches, new kinds of mismatches
may emerge when governing institutions do not reflect the values,
interests, and beliefs of different social groups. What Epstein et
al. (2015) have termed “social mismatches” points to the spatial
scalarchallenge of matching governance objectives and rules with
social customs and patterns of resource use, stakeholder
expectations and needs, and social organization scales (Epstein
et al. 2015). In telecoupled systems, international governance
based on global goals carries a clear risk of diverging from issues
that are seen as most important by local stakeholders. Global
initiatives such as the Kimberley Process, for example, promote
transparency in supply chains, but in so doing, they risk favoring
globalideals (e.g., of traceability and accountability) over the day-
to-day needs and concerns of local communities (Pcdersen et al.
2021a). Research on gold mining in Tanzania, for instance, found
that a centrally imposed transparency initiative had not addressed
inequalities, informal structures, and power asymmetries in the
mining sector (Pedersen et al. 202f5). Likewise, conservation
projects that are governed by external actors (such as states,
international nongovernmental organizations, or private firms)
tend to subordinate local institutions, customary practices, and
traditional ecological knowledge, resulting in relatively ineffective
conservation management (Dawson et al. 2021). International
conservation initiatives may overlook social and political
complexities in local systems and create unintended and
undesirable effects, including restricted accessto land and natural
resources and the erosion of customary natural resource
governance institutions (Persson and Mertz 2019, Persson et al.
2021). If local people are merely seen as recipients of services and
are not involved in the design of sustainability interventions, a

mismatch between local goals and strategies and those of the
wider project can emcrge. In the case of a World Bank
conservation project in Argentina, project concepts and ideas
were decided by external actors, rather than in partnership with
local beneticiaries (Busck-Lumholt et al. 2022b). Sustainability
issues prioritized at the global scale may not match with local
people’s understanding of and aspirations for sustainability.

Self-governance and loca! rule development have been found to
be highly important for effective natural resource management
(Ostrom 1990). Otherwise, there is a high risk that international
or transnational governance schemes are insufficiently adapted
tolocal contexts. If governance actors perceive that transnational
institutions do not fit the local contexts (i.e., social mismatch as
result of a resolution mismatch), they may create their own
institutions. This situation occurred with theestablishment of the
Icelandic Responsible Fisheries certification program as an
alternative to the transnational Marine Stewardship Council
certification scheme (Feley 2017), and with the introduction of
Indonesian and Malaysian Sustainable Palm Oil schemes as
alternatives to the Roundtable on Sustainable Palm Oil (Higgins
and Richards 2019).

ADDRESSING MISMATCHES IN TELECOUPLED
SYSTEMS

These examples suggest that global commodity flows, through
boundary and resolution mismatches, pose multiple environmental
governance challenges that are difficult to address through
territorial or global governance approaches. Against this
background, both public and private actors have attempted to
rescale governance to account for social-ecological interactions
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Fig. 4. Resolution mismatches. Governance institutions have a coarser scale than is suitable to address the social-ecological

problems they target.

L Socalecolobilpobleniscale

across long distances and between jurisdictions. With respect to
global governance, governance rescaling has been defined as “a
shift in the locus, agency, and scope of global [...] politics and
governance across scales” (Andonova and Mitchell 2010:257).
Scaling up governance to make it more comprehensive in terms
of target area, actors, or supply chain segments can limit the risk
of boundary mismatches. In contrast, scaling down governance
might enhance the context sensitivity of interventions and the
participation of local stakeholders, thus correcting resolution
mismatches. Additionally, creating new governance scales can be
another strategy to avoid mismatches. In telecoupled systems,
such governance institutions comprise due diligence laws, as
elucidated below. We next present three illustrative examples of
public, private, and hybrid governance forms to illustrate the
opportunities and challenges involved in addressing both
boundary and resolution mismatches.

Social and environmental provisions in trade agreements

The inclusion of binding, measurable, carefully monitored, and
sanctionable social and environmental provisions in preferential
or regional trade agreements presents a potential instrument to
govern trade-rclated environmental impacts between specific
countries or regions (Kehoe et al. 2020). Recently, researchers
have advocated shifting fiocus on the relation between trade and
the environment away from merely mitigating the negative
impacts of trade, and toward focusing on how to harness the
positive environmental effects of trade through, for example, the
use of so-called “trade-and-environment agreements” (Roux et
al. 2021; https://ieepeu/news/a-cup-of-trade-and-environment-
agreement-tea/). In theory, environmental provisions in trade
agreements can oblige parties to uphold environmental law and
implement “Multilateral Environmental Agreements™; increase
cooperation, transparency, and participation in environmental
matters; and trigger the uptake of voluntary sustainability
standards and public regulations targeted at sustainability issues
of a specific sector or product. However, empirical evidence of
the actual environmental effects of environmental provisions in
trade agreements is scarce and inconclusive (Berger et al. 2020).

Although trade agreements do address specific flows at the scale
of telecoupled relations, they pose a risk of leakage because trade

flows may shift geographically (ie., trade diversion), and
regulated commodities may be replaced by less regulated or
unregulated commodities within supply chains (i.e, substitution
effect). For example, the U.S.-Peru trade agreement includes a
binding Forest Annex, which details measures to strengthen forest
governance in Peru, including the establishment of chain-of-
custody systems to verify the legality of timber exports. However,
because the Forest Annex is strongly focused on protecting
CITES-listed timber species, one risk is that it increases exports
of species not listed in CITES. Itcould also prompt U.S. importers
to switch to other, less regulated markets (Del Gatto et al. 2009).
Governance institutions that target specific geographic areas or
commodities risk creating boundary mismatches. This situation
suggests that trade agreements may be more effective at reducing
leakage effects at regional scales when they contain binding,
measurable, and enforceable sustainability chapters, and they
involve regional blocs rather than individual countries, and
commodity groups rather than single commodities. However, the
risk of resolution mismatches increases when the spatial scale of
trade agreements increases.

Trade agreements can suffer from resolution mismatches. For
example, Berger et al. (2020) reviewed 48 preferential trade
agreements of five emerging economies and found that three-
quarters of the agreements make reference to general
environmental goals intheirpreamble or other chapters. However,
these provisions are not of substantive nature, meaning that they
do not imply any substantive rights or obligations in
environmental matters to the parties. Additionally, some
countries restate their commitment to ratify or implement
Multilateral Environmental Agreements in their trade
agreements, thus, only restating the pledges already made
elsewhere. If countries only make commitments to general
environmental goals and international conventions without
defining concrete actions in their trade agreements, they are
unlikely to address the specific social and ecological problems of
telecoupling in particular social-ecological systems.

Moreover, if the needs and priorities of local communities are
overlooked or deprioritized, social mismatches may arise. Failure
to recognize the economic, social, and environmental concerns of
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affected communities can also induce a boundary mismatch. For
example, a trade ban may prove ineffective if it does not recognize
theeconomic concernsof localcommunities, who may derive little
economic benetit from the ban, and hence have little incentive for
conservation or sustainable resource use (Abensperg-Traun
2009). Consequently, the resource may be sold illegally or into
alternative markets. creating leakage effects that limit the
effectiveness of the trade ban. For instance, Busch et al. (2022)
estimated that a European ban on importing high-deforestation
palm oil from Indonesia would have only minor effects on
deforestation because, among other reasons, non-participating
countries would absorb the high-deforestation palm oil. More
research is needed on how to avoid mismatches when designing
trade agreements and trade bans.

Due diligence obligations and laws

The proliferation of duediligence policies shows that public sector
actors increasingly govern social and environmental conduct
beyond their own borders. Due diligence policies are a clear
example of “rescaling” or “territorial extension”, whereby states
or groups of states extend their regulatory influence to actions
abroad (Scott 2020). Although due diligence laws are
implemented within formal administrative boundaries on a
jurisdictional scale, they govern extra-jurisdictional processes by
obliging transnational companies to monitor their supply chains
and to rectify unsustainable impacts. Due diligence policies tend
to be applied at scales applicable to telecoupled systems because
they address flows that extend beyond jurisdictional boundaries.

Due diligence requirements often apply to specific commodities,
as in the case of the EU Timber Regulation, which prohibits the
sale of illegally harvested wood on the EU market, and the EU
Renewable Energy Directive, under which member states can
count biofuels toward the attainment of their renewable energy
targets only if the biofuel production complies with certain
sustainability criteria (European Union 2018), irrespective of
whether the biofuel crops are produced inside or outside the EU
(Scott 2020). Additionally, the EU adopted a Regulation on
deforestation-free supply chains in December 2022, which
prohibits the placing of palm oil, soy, wood, cattle, cocoa, coffiee,
rubber, and some derived products on the EU market if these
commodities are linked to deforestation and forest degradation
or if they are non-compliant with all relevant applicable laws in
force in the country of production (European Commission 2022).
These sector-specific duediligence policies use conditional market
access as a mechanism to secure foreign producers’ compliance
with EU rules. More recently developed, economy-wide,
mandatory duediligence laws, atthe national and European levels,
rely on another governance mechanism, namely self-reporting
and public scrutiny. The French Duty of Vigilance Law, for
example, requires companies to assess and report the risks of
infringing environmental and human rightsin their supply chains,
as well as measures to mitigate such risks. If preventable human
rights violations or environmental damages occur, the company
can be held liable and can be required to remedy the harm
(Schilling-Vacaflor 2021). Additionally, the European Commission
proposed a Directive on sustainable corporate governance that
covers human rights and environmental due diligence (Schilling-
Vacaflor and Lenschow 2023). In sum, due diligence laws attempt
to alleviate the boundary mismatch thatoccurs because importing
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countries, in principle, have no jurisdiction over producing
countries, where sustainability problems appear.

However, due diligence policies may suffer from resolution
mismatches because they do not target any particular locality, but
rather general social-environmental problems, irrespective of
their local manifestation. This situation can lead to social
mismatches. The EU Timber Regulation, for example, demands
that timber is sourced legally according to the laws of the producer
country. However, such policies that are reliant on local laws risk
endorsing certification systems that neglect the rights of certain
local communities (Bartley 2014) and work against sustainability
by incentivizing a regulatory “race to the bottom” among
exporting countries (dos Reis et al. 2021). Furthermore, if
mandatory due diligence laws require companies to report on risk
mitigation in their supply chains, companies may focus their
reporting on issues that are not key priorities for local
stakeholders. For example, under the French Duty of Vigilance
Law, companies have focused on environmental issues such as
deforestation in the soy and beef supply chains while neglecting
other issues such as biodiversity loss, pesticide use, water scarcity,
and water pollution. The companies prioritize labor rights,
whereas the rights to health, land, water, and food may be more
important for local stakeholders (Schilling-Vacaflor 2021).

Landscape or jurisdictional approaches to supply chain
governance

Landscape approaches aim to reconcile competing social,
economic, and environmental interests and objectives at the
landscape scale. Landscape approaches have been widely
employedin international conservation projects and are now also
increasingly taken up in sustainable supply chain management
(Sayer et al. 2013, Boshoven et al. 2021). They are based on
multistakeholder collaboration (e.g., public authorities,
producers, companies, civil society organizations), which sets
them apart from purely public jurisdictional governance
approaches that do not seek to involve all affected stakeholders.
These relatively recent governance approaches rest on the premise
that the involvement of public actors allows for the
implementation and enforcement of mandatory requirements for
production practices, provided that enforcement capacities exist
(Bager 2021). Public actors have regulatory authority over the
area covered, “allowing for better monitoring and enforcement
as well as addressing the problem of institutional mismatch” (von
Essen and Lambin 2021:6-7). A jurisdictional approach is a type
of landscape approach that uses formal administrative
boundaries to define the scope of action and involvement of
stakeholders (Denier et al. 2015).

Landscape and jurisdictional approaches aim to avoid the
boundary mismatches that commonly affect public and private
governance initiatives that focus exclusively at farm or supply-
chain scales. This narrow focus can create “islands of good
practice” while surrounding areas continue with business as usual
(UNDP 2019:12). Many of the socialecological problems that
sustainability initiatives such as voluntary sustainability
standards target manifest in the wider landscape, leading to
mismatches between the scale of the intervention and the scale of
the sustainability challenges being addressed (Sonderegger et al.
2022). For example, where companies seek to reduce commodity-
driven deforestation by certifying some of their own or their
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suppliers’ farms or plantations, deforestation may shif't to non-
certified areas(Heilmayretal. 2020). Jurisdictional and landscape
approaches are assumed to reduce the risk of leakages (and thus
boundary mismatches) because they target entire jurisdictions or
landscapes rather than a selected smaller area. In terms of
certification and standard-setting, landscape and jurisdictional
approaches have beenintroduced to upscale governance to reduce
the risk that commodity sourcing produces ungoverned impacts
beyond the production area or unit (e.g., farms). Sustainable
cocoa initiatives, for example, are evolving in their focus from the
farm level to sector, landscape, and jurisdictional levels
(Carodenuto 2019, Parra-Paitan et al. 2022, 2023). Empirical
evidence on the effectiveness of landscape and jurisdictional
approaches isscant, however, given their recent emergence ( Bager
2021, von Essen and Lambin 2021).

Jurisdictional and landscape-based certification and sourcing
also have limitations. Governance at the landscape level remains
limited to a certain regionally confined scale and may not address
all potentially relevant telecoupled dynamics such as migrant
worker flows or illicit financial flows (Sonderegger et al. 2022).
Additionally, the risk of leakage persists because neighboring
jurisdictions may have weaker environmental protections (von
Essen and Lambin 2021). Non-compliant production may shift
to neighboring places with fewer restrictions (Meyfroidt et al.
2018), and commodities from non-compliant neighbors might be
laundered into the more tightly regulated jurisdiction (Gibbs et
al. 2016, Boshoven et al. 2021).

Institutional interplay

Although we focus on how specific institutions can define and
addresswhatthey conceive asmismatches, in practice, telecoupled
systems are typically governed by several institutions, which
interact horizontally at the same level of social organization or
vertically across levels (Fig. 5). Institutions influence the decision-
making, commitments, behavior, and effects of one another
(Oberthiir and Gehring 2006). Institutional interplay is based
either on functional linkages that occur when developments in
one issue area unavoidably affect another issue area, such as
between institutions on agricultural production and land use, or
it is based on political linkages that arise when actors recognize
interdependencies and deliberately forge institutional interactions
(Young 2005). For example, the EU’s Forest Law Enforcement
Governance and Trade (FLEGT) initiative interacts with private
certification schemes and public legal timber regulations in
partner countries (Overdevest and Zeitlin 2014). FLEGT
promotes better enforcement of forest law and the establishment
of export licencing systems in partner countries to identify,
monitor, and export legally harvested timber products destined
for EU markets. Additionally, the FLEGT initiative, adopted in
2003, encouraged U.S. environmental activists to advocate for an
extension of the U.S. Lacey Act from fish and wildlife to plants,
leading to amendment of the Lacey Act in 2008. This example
highlights how institutional interactions can lead to the
convergence of separatenational or regional governance regimes.
Theconvergence between FLEGTand the U.S. Lacey Act ensured
that illegally harvested timber is not simply diverted from one
market to another (Overdevest and Zeitlin 2014).

Creating eflective collaborative ties between institutions has been
repeatedly proposed as a solution to rectify mismatches (Galaz et
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al. 2008, Bodin et al. 2017, Enquist et al 2020). Bergsten et al.
(2014:1) argue that “boundary mismatches are impossible to
resolve if the focal ecological processes are not contained within
the spatial jurisdiction of either a single high-level actor
responsible for the whole area or by several lower level actors who
collaborate” and thus jointly build a comprehensive governance
system at a larger scale. This idea suggests that studying
telecoupled systems from the perspective of polycentric
governance, defined as systems of overlapping jurisdictions with
formally independent butinterlinked centers of decision-making,
could yield valuable insights into how to resolve mismatches in
global land and agricultural commodity governance. Beyond
examining the effectiveness of single governance institutions in
isolation, a more systematic evaluation of the interplay and
potential synergies between different governance interventions
can advance the understanding of how to design governance
solutions that match the scale of the problemat hand.

A social-ecological network approach can be used to study
collaborative natural resource governance across jurisdictional
boundaries (Janssen et al. 2006, Bodin and Tengo 2012, Barnes
et al. 2019). Studies could adopt such an approach to represent
telecoupled systems as networks of social actors and ecological
resources connected through commodity flows and institutional
or social linkages. Although it is difficult to account for different
kinds of social actors and the processing of commodities (e.g.,
fromcocoa bean to chocolate bar) with thisapproach, it can help
to capture how material, information, and communication flows
connect different ecosystems, actors, and institutions (Janssen et
al. 2006, Bodin and Tengé 2012). This approach is particularly
suited to the analysis of landscape-scale responses to boundary
mismatches because it highlights horizontal institutional
interplay, as demonstrated, for example, in research on an
agricultural landscape in Madagascar (Bodin and Tengé 2012)
and wetlands in Sweden (Bergsten et al. 2014).

Research on telecoupling highlights the need to combine
traditional place-based governance approaches with flow-based
governance, which “considers a place in light of its relationships
withother places, by tracking and managing where key flowsstart,
progress, and end” (Liu et al. 2018:65). Flows are dynamic, and
their origin and destination may change over time as a result of,
for example, changing infrastructure, market demand, or
biophysical conditions (dos Reis et al. 2023). Flow-based
governance arrangements such as certification schemes, zero-
deforestation commitments, and due diligence laws are designed
to govern commodity flows, irrespective of changing trading
relationships between supply chain actors. However, flow-based
governance may generate new forms of social exclusion,
inequality, and ecological simplification in places of production
if transnational notions of sustainability do not match with local
needs and realities (Newig et al. 2020). This idea highlights that
flow-based governance can cover the full spatial scale of
telecoupled systems, but their flow specificity comes at the cost
of place specificity. Evidence suggests that the effectiveness of
flow-based governance benefits [rom synergistic place-based
governance (zu Ermgassenetal. 2022). Forexample, governments
can support the implementation of zero-deforestation
commitments by providing additional disincentives for
deforestation through, for example, credit restrictions for non-
compliant individuals and companies, and through anti-
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Fig. 5. Schematic illustration of institutional interactions in a telecoupled system. The
circles denote the governance scales of diffierent institutions.

corruption measures that improve the reliability of geospatial
forest information on which private governance schemes depend
(Garrett et al. 2019). More research is needed to investigate the
interplay between institutions that focus on the full spatial extent
of the problem and institutions that are adapted to the local
context.

CONCLUSION

The governance of telecoupled systems is beset with problems of
fit. Because most social and environmental problems in a
globalizing world are neither purely local nor global in scale,
addressing these problems requires governance responses that
transcend political borders to match the spatial scale of the
problem while also being sensitive to local context. Here, we
applied the established concepts of institutional fit and
governance mismatches to complex sustainability issues arising
due to telecoupling. We identified two types of mismatches that
are pertinent in the governance of telecoupled systems. First,
boundary mismatches occur when governance institutions neglect
social-ecological problems that transcend established jurisdictional
boundaries, either because the institutional design fails to cover
the full scale of the problem or because the intervention induces
leakages. Second, resolution mismatches arise when governance
institutions have a coarser resolution than is suitable to address
the social-ecological problem they aim to address. Because of a
lack of governance precision, governance instruments are too
general to be effectively implemented and enforced. In the context
of land and global agricultural commodity governance,
approachessuch as due diligence laws and policies, landscape and
jurisdictional approaches to supply chain governance, and
environmental provisions in trade agreements present important
steps toward creating institutional fit in the governance of
telecoupled systems.

Scaling or rescaling governance to match the scale of telecoupled
systems is an inherently political process. The scale at which a
given problem is perceived and framed influences the scale at
which it is addressed (Newig and Moss 2017). Rescaling
governance can entrench, rather than restructure, existing power
relations and global inequalities. For instance, companies may
stop sourcing from places with weak public governance, where

the risk of inlringing environmental or human rights is high, and
shiftto placeswithstricter governance to meetconsumerdemands
for more transparency and due diligence (Gardner et al. 2019).
This effect increases the risk of unintentionally marginalizing
small-scale producers in these regions by excluding them from
international value chains and the economic benefits of the global
economy (Zhunusova et al. 2022). The most vulnerable people
and countries may become subject to extraterritorial control and
externally imposed notions of sustainability if actors of the
Global North seek to govern environmental and social issues
beyond their own borders.

We do not claim that rescaling governanceinstitutions to perfectly
match telecoupled social-ecological systems will necessarily solve
telecoupled sustainability issues, or even that itisattainablein all
circumstances. Rather, we acknowledge that the risk of
mismatches persists and identifying an “optimal spatial scale™
may not be possible. Any attempt to resolve boundary or
resolution mismatches comes with the risk of creating new
mismatches, and because material flows, immaterial connections,
and spillover relations are dynamic (dos Reis et al. 2020),
governing telecoupled systems requires recognizing constantly
evolving problem structures and continuously evaluating and
adapting governance initiatives. However, even if it were possible
to create institutional fit, there would be no guarantee of effiective
governance, due to implementation or enforcement problems.
Nonetheless, we see substantial value in distinguishing different
types of mismatches intelecoupled settings to be more productive
in devising multiple, well-aligned, and adaptive governance
arrangements that are better equipped to bring about the required
change toward social and environmental sustainability. Looking
atland-based commodity flows through the lens of boundary and
resolution mismatches helps us to better anticipate potential
governance weaknesses arising from a lack of governance
precision or extent, and hence, enables better policy debates. Our
analysis indicates that complementary interventions at various
spatial scales, rather than single interventions, are needed to
govern telecoupled systems effectively.

The most pressing and challenging future research question is
how to align multiple governance institutions to govern
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telecoupled systems. Advancing understanding of institutional
mismatches in telecoupled systems rcquircs interdisciplinary
research, which itself needs to grapple with the challenge of
bridging scales embedded in different research approaches,
problem definitions, and perspectives (Friis et al. 2023). While we
have focused on spatial mismatches in the governance of
teleccoupled systems, futurc investigations could analyze the
occurrence and implications of temporal mismatches.
Telecoupled systems are dynamic, and the spatiotemporal
connections between regions and actors canchange over time (dos
Reis et al. 2020, 2023, Leijten et al. 2022), requiring adaptive
governance responses. Additionally, investigating to what extent
governance institutions fit with the complete life cycle of products
merits further research because the spatial scale of governance
expands when thetemporalscale of governance isupscaledtothe
product life cycle. The task, albeit formidable, is to design
governance systems in which effective institutional interplay
offsets institutional mismatches of single institutions.

1 Bergsten et al. (2014) note that the two types of mismatches
may overlap, for example, when jurisdictional boundaries compel
actors to govern ecological processes at too fine a scale.

P However, we acknowledge that the different types may overlap
or be nested inreality, depending on which governance institution
istakenastheanalytical vantage point. Forexample, whatappears
as a spillover of one governance institution may be an induced
leakage of another governance intervention.

[ For example, the Convention on Biological Diversity, United
Nations Convention to Combat Desertification, United Nations
Framework Convention on Climate Change, and New York
Declaration on Forests are not flow specific.
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