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ABSTRACT ARTICLE HISTORY
This article illustrates the potential of the telecoupling framework to Received 3 January 2022
improve causal attribution in land system science (LSS). We shed light Accepted 2 June 2022
on the distinct analytical approaches that have characterized telecoupling KEYWORDS

research to date, how these can contribute to LSS with new insights, and Telecoupling; causality; land
whether such insights can improve causal attribution. By reviewing 45 system science; social-
empirical telecoupling studies, we firstly demonstrate how telecoupling is ecological systems
applied in a broad variety of ways within LSS and across different dis-

ciplines and research topics, albeit with qualitative data and assessments

being underrepresented. Secondly, we show that telecoupling is clearer in

its contribution to causal attribution when applied explicitly in framework

integration or empirical application, rather than when it is included more

indirectly as a narrative. Finally, we argue that telecoupling can comple-

ment existing LSS theory with a flexible and holistic approach to dealing

with the uncertainties and complexities related to attributing causality in

a globalized world.

1. Introduction

Understanding how relationships between people and their environment make up land systems is
key to supporting more sustainable land use and reducing the negative environmental impacts of
land-use change (Rounsevell et al.,, 2013). Today, there is broad scientific awareness about the
interconnectedness of these relationships, and this is reflected in the land system science (LSS)
literature, which seeks to understand and model land-use change through analytical approaches
that emphasize relativeness, complexity, and context-dependency of causes and effects. This
includes frameworks such as coupled human-environment (Turner et al, 2003) and social-
ecological systems (Schliter et al., 2012), coupled human-natural systems (Liu et al., 2007), and
most recently, the telecoupling framework (Liu et al., 2013).

Systems and actors influencing and/or being influenced by land-use change are increasingly
both linked and globalized. This implies that processes influencing land-use change outcomes,
including the actions by individual actors, can be physically distant while at the same time
being causally connected. For example, deforestation can be caused by consumption in
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a distant country (Torres et al., 2017), and modifications in ecosystems in one place can be
fuelled by trade relationships and multinational corporations in another place (Pace & Gephart,
2017). In LSS, it is key to disentangle this causal interconnectedness to understand the social-
ecological drivers of land-use change and better target interventions for more sustainable land
systems (Meyfroidt, 2016).

In this article, we undertake a literature review to understand how the telecoupling framework
can address this challenge of causal attribution in LSS. Specifically, we ask: 1) Which analytical
approaches characterize telecoupling research? 2) How can the different approaches to telecoupling
contribute to LSS with new insights? and 3) Can these insights help clarify the influence of the
telecoupling framework for causal attribution in LSS?

Telecoupling emerged as an analytical tool to help account for socio-economic and environ-
mental interactions across large distances by examining the systems of interest, the flows that
connect them, the causes and effects of those flows, and the actor-networks that mediate them
(Eakin et al., 2014; Friis & Nielsen, 2017; Liu et al., 2013). Thus, telecoupling recognizes the complexity
and interconnectedness of causes and effects in land-use systems. In this regard, existing research
and reviews of the telecoupling literature have provided insights into how telecoupling can improve
our understanding of human-environment interactions and contribute with applicable terminology
and techniques for analyzing such interactions in a globalizing world (Corbera et al., 2019; Friis et al.,
2016; Kapsar et al., 2019; Sonderegger et al., 2020). There have been a few flagship contributions
highlighting techniques for explaining cause-effect relationships through a telecoupling lens
(Carlson et al., 2018; Meyfroidt, 2019). However, we still know little about how existing research
has benefitted from applying the telecoupling framework to understand causal relationships within
LSS and how telecoupling is influencing research designs and the interpretation of research findings.
This is critical to avoid the risk of pursuing a conceptual idea that is not any different from what is
already available in the LSS literature on causality (Lambin et al., 2001; Meyfroidt, 2016; Meyfroidt
et al., 2018).

While telecoupling research has gained momentum since 2013 (Eakin et al., 2017; Friis, Cecilie, &
Nielsen, 2019; Liu et al., 2013), the interdisciplinary and empirical application of the framework is still
novel. The attention to proximate and underlying causes is not new to the LSS community (Scheidel
& Gingrich, 2020), but the telecoupling conceptualization introduced a terminology and framing for
disentangling the complexity that arises when both proximate and underlying causes are coupled
over social, institutional, and geographical distances.

These conceptual debates on the utility of telecoupling for establishing causal relationships are
presented in the following section. Then, we present our approach to data collection, data proces-
sing, and our literature review. We elaborate on the review findings in three separate but interlinked
sections corresponding to the three research questions. We then discuss the findings through
a critical lens and recommend future pathways for telecoupling application.

2. Telecoupling and the challenge of attributing causality

Telecoupling is the process that connects social-ecological systems across time and space. In its
original framing, telecoupling is understood through the analysis of five major components: systems,
agents, flows, causes, and effects (Liu et al., 2013). Systems are categorized as either sending-,
receiving-, or spillover systems, meaning that they either ‘send’, ‘receive’, or are indirectly impacted
by material and immaterial flows (of money, commodities, information, etc.) from other systems (Hull
& Liu, 2018). Agents can be humans, organizations, animal species, or any actor at any scale whose
actions are consequential to the studied phenomenon (Liu et al., 2014). Examining the flows between
agents helps trace distal drivers of land-use change and the connections between causes and effects
at different scales, between distant locations, and beyond the regulatory context of the studied



388 L. M. BUSCK-LUMHOLT ET AL.

phenomenon. By analytically following material and immaterial flows, causes can be discovered that
are not immediate, obvious, or place-bound (Friis & Nielsen). In this article, we define material flows
as physical measurable units such as commodities, people, or biophysical elements, and immaterial
flows as more intangible flows such as information, discourse, and social interactions (Friis & Nielsen).
We understand information flows as including knowledge and money, but other literature such as
Eakin et al. (2014) defines money as part of the physical material flows. Both material and immaterial
flows are important for the identification of causes behind telecoupled land-use change processes.
For example, soybean expansion is connected to the increase of a material flow (i.e. international
trade of soybeans) and is driven by proximate causes such as agricultural technology. In turn, the
adoption of new technologies is strongly linked to immaterial flows like information about technol-
ogies and production schemes, dissimilated through personal experiences, social networks, work-
shops, meetings, and social media (Henderson et al., 2021). Thus, the flow-based analysis draws
attention to the spatial and temporal complexity of causes and effects which characterize tele-
coupled systems (Eakin et al., 2014). We understand causes in relation to telecoupling as the factors
that determine the emergence and strength of telecoupled relationships, and the effects as the
environmental and socioeconomic consequences of such relationships (Liu et al., 2014).
Furthermore, we refer to the analysis of causal mechanisms, which is what distinguishes causation
from correlation (Meyfroidt, 2016).

To our knowledge, the initial conceptualization of the telecoupling framework did not claim an
ability to identify causal mechanisms. Still, research grounded in the idea of telecoupling often
assumes or analyzes a (telecoupled) relationship between a given land-use phenomenon occurring
in a specific location and its distal drivers and feedback mechanisms. In so doing, telecoupling
researchers apply a variety of approaches to establish causality between phenomena, by, for
example, qualitatively exploring information and discursive flows across distance (Eakin et al.,
2014) or quantitatively tracking and measuring the flows of commodities between regions (Yao
et al., 2018). Liu et al. (2013) highlight how land-use telecouplings can have various economic,
technological, political, environmental, or cultural causes, and how these causal mechanisms influ-
ence the emergence, dynamic, and strength of the relationship. Eakin et al. (2014) exemplify this
process by showing how telecoupling entails effects on livelihoods or land systems that are caused
(indirectly) by spatially distant (but connected) actors.

While telecoupling can provide new perspectives on the interconnectedness of the global
economy and its social-ecological consequences, this interconnectedness implies some fundamental
challenges for causal attribution. For example, a given specific land use, or land-use change process,
cannot be explained by a single phenomenon (e.g. increased international demand for a certain
crop) but by a combination of drivers (e.g. increased international demand, coupled with local
economic incentives), which in turn may be products of different political, social and/or cultural
forces. It becomes increasingly difficult to disentangle the causal relationships driving land-use
change processes since causal factors can rarely be understood in isolation from each other, and
they often transcend institutional, spatial, and temporal scales (Norder et al., 2017).

Causal effects in telecoupled systems will often be created by multiple and overlapping causal
variables. Some causal processes work more gradually, and some work more rapidly, often
depending on a number of factors connecting sending and receiving systems (Friis et al., 2016).
For example, Nepstad et al. (2014) argue that several mutually reinforcing factors, including
temporally and spatially overlapping policy and supply chain interventions, decreased demand
for new deforestation in the Amazon. Leisz et al. (2016) analyze a case of telecoupled land use and
land cover change in Vietnam and show how this is linked to a multitude of both distal causes in
the form of historical political decisions, immediate causes, and causes at both higher and more
local scales.

Even though the debate between quantitative and qualitative causal analysis has become more
integrative in acknowledging that causes can be validated both quantitatively and qualitatively
(Beach & Pedersen, 2016; Carlson et al.), researchers still tend to avoid making direct causal claims
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Table 1. Terms related to the complexity of attributing causality in telecoupled land-use systems.

Term

Definition

Source

Causes
Multi-causality

Confounders

Proximate (or direct)
causes

Underlying (or indirect)
causes

Effects
Cascading effect

Cumulative effect

Legacy effect

Non-linearity

Threshold effects

Time lags (or inertia)

Multifinality

Equifinality

Temporal spillover

Cause and effect
Feedback

Feedback loop

Multi-scalarity

Path dependence

Unobserved
heterogeneity
Spatial decoupling

Any given pattern may be caused by several different processes, and
the action of each is dependent on context.

A variable that influences explanatory (independent) and response
(dependent) variables. Confounding variables can be both
observable and unobservable.

Human activities or immediate actions at the local level that originate
from the observed change and directly impact the observed
change.

Fundamental forces that underpin the more proximate causes.

The process by which a system affects other multiple systems in
sequence as a result of telecoupling dynamics; occurs when
a change of one element of a system drives a chain of events
leading to many other changes in the system.

impact of the action when added to other past, present, and
reasonably foreseeable future actions regardless of what agency
[...] or person undertakes such other actions.

Effects that do not disappear until many years to decades after the
emergence of a telecoupling.

Social and ecological patterns do not gradually change as a linear
function of relevant processes but rather display thresholds, time
lags, and generally complex behavior (including regime shifts).

Seemingly stable systems can suddenly undergo comprehensive
transformations into something entirely new, with internal
controls and characteristics that are profoundly different from
those of the original. Small events might trigger changes that are
difficult or even impossible to reverse.

Effects that do not emerge until years or even decades after the
initiation of a telecoupling.

Similar combinations of causal factors result in substantially different
outcomes, for example, due to small variations in contextual
factors or contingent events.

Different combinations of causes that end up in similar outcome.

Conducting behavior A in time 1 affects the probability of conducting
behavior A in time 2.

Feedbacks occur between systems when effects of the first system on
a second system feed back to affect the first system. Feedbacks can
be negative (damping) or positive (amplifying).

Feedback loops, or reverse causality, can be related to bidirectional
causation and implies that events in a nonlinear causal chain can
be both causes and effects,

Relevant processes are simultaneously operating at a diversity of
scales, manifesting in patterns at multiple scales (both temporal
and spatial).

Positive feedback loops or self-reinforcing sequences i.e. chains of
chronologically ordered and causally connected events which are
more tightly connected and less contingent than in typical causal
chains.

The unmeasured third factors that may affect the relation between
the causal factor and the outcome.

The decoupling of drivers and outcomes which gives rise to
telecouplings.

Chapman et al., 2017; Lambin
et al,, 2001
Carlson et al. (2018)

Geist & Lambin, 2002;
Meyfroidt, 2016

Geist & Lambin, 2002;
Meyfroidt, 2016

Baird & Fox, 2015; Paitan &
Verburg, 2019

Clark, 1994

Liu, 2014; Norder et al., 2017;
Paitan & Verburg, 2019
Chapman et al,, 2017; Paitan

& Verburg, 2019

Duit & Galaz, 2008

Liu, 2014; Norder et al., 2017;
Paitan & Verburg, 2019

Bennet and Elman 2006;
Meyfroidt, 2016

Bennet and Elman 2006;

Meyfroidt, 2016
Nilsson et al., 2017

Liu et al., 2013; Rotmans &
Loorbach, 2009

(Carlson et al., ; Meyfroidt,
2016; Sugihara et al., 2012)

Chapman et al,, 2017

Mahoney, 2000; Pierson,
2000

Meyfroidt, 2016

Friis et al., 2016

unless quantitative analyses are included (Efroymson et al., 2016; Rounsevell et al., 2013). Altogether,
the literature highlights that attributing causality to telecoupled land-use systems is a complex
endeavor. Such complexity stems from the fact that causes and effects in land-use systems can be
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approached from different scalar, temporal, and spatial perspectives, which involve specific con-
ceptual and methodological challenges. We highlight examples from the literature on terms related
to this challenge in Table 1.

3. Methods
3.1 Data collection

This paper builds on data from a review of 45 articles that draw on telecoupling to empirically
study land systems. Conceptual and literature-based articles were thus excluded from the
review. The sample articles were collected through Scopus, using the search string: telecoupl*
OR tele-coupl* AND ‘land use’ OR ‘land-use’ OR ‘deforestat* OR ‘land system’ OR ‘land-system’
in the title, abstract or keywords. The search yielded 77 results, containing articles published up
until September 2020. Subsequently, we made sure that each article in the sample had a) been
peer-reviewed; b) written in English; c) analysed an empirical case; d) mentioned telecoupling
at least once, and e) made explicit reference to land use or land cover change in the title or
abstract. This resulted in a sample of 45 articles which we acknowledge is substantially smaller
than, for example, the sample in Sonderegger et al. (2020) who, due to a broader screening,
identified 137 articles roughly within the same search period. It is beyond the scope of our
review to address the entirety of research topics engaging with telecoupling, and our search
string and inclusion criteria have left out some flagship contributions as a consequence (e.g.
Boillat et al., 2018; Eakin et al., 2017; Ringel, 2018). The aim of our review is not to exhaustively
document the breadth of the research field, but rather to pinpoint the variety of opportunities
that the telecoupling framework offers for causal attribution in relation to different research
agendas within LSS. The sampling process is visualized through the PRISMA flow chart below
(Figure 1), which is an acknowledged method for reporting sampling strategies in systematic
reviews (Moher et al., 2010).

When the final sample of the 45 articles was identified, we conducted a content analysis to
analyze how the relationships between telecoupling approach, research design, data collection, and
methods for data analysis are investigated. We employed a mixed approach, using elements from
both the systematic review tradition (Moher et al., 2010) and qualitative content analysis (Mayring,
2014). We used a systematized coding scheme to review and critically appraise the selected research
(Moher et al., 2010). We analyzed the articles by looking at relationships in coded content in NVivo
rather than applying statistical methods (meta-analysis), inspired by a qualitative content analysis
tradition and guided by the following review steps (cf. Mayring, 2014).

(1) Identification of knowledge gaps in existing telecoupling reviews (exploring review strategies
and supplementary materials) and LSS literature on causality.
(2) Formulation of the research question to inform identified knowledge gap;
(3) Linking research question to theory (state of the art, theoretical approach, preconceptions for
interpretations);
) Definition of the exploratory research design and development of the codebook;
(5) Defining the literature sample supported by the PRISMA approach;
) Codebook and methods of data collection pilot-tested and revised;
) Inter-coder reliability established, processing of the study in NVivo and organization of node
hierarchies;
(8) Presentation of results in response to the research question; and
(9) Discussion concerning quality criteria.
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Scopus
Until September 2020
77 Citation(s)

75 Non-Duplicate
Citations Screened

26 Articles Excluded
After Title/Abstract Screen

Inclusion/Exclusion
Criteria Applied

Articles Retrieved

4 Articles Excluded
After Full Text Screen

0 Articles Excluded
During Data Extraction

Inclusion/Exclusion
Criteria Applied

45 Articles Included

Figure 1. PRISMA of literature included for review. Source: Figure generated from own data in http://prisma.thetacollaborative.ca/.

The coding protocol combines deductive and more open-ended inductive categories, each
assigned a code in the review (supplementary material_1). Inductive category development
consists of formulating broad categories such as ‘causal relations’ and working through the
text line by line, formulating code categories directly from the text at the decided level of
abstraction (i.e. how detailed or general categories are formulated). In the deductively
formulated category system, categories are predefined (such as ‘material’ or ‘immaterial’
analytical focus), and text segments are coded to illustrate examples of the character of the
category.

The predefined codes were developed based on first readings of the review sample, theoretical
insights from the telecoupling literature, and existing reviews (Eakin et al., 2014; Friis et al., 2016;
Kapsar et al,, ; Liu et al, 2013; Liu et al., 2014; Meyfroidt, 2016). The inductive codes facilitated an
exploratory inquiry of how telecoupling provides both opportunities and pitfalls in causal attribu-
tion. These codes refer primarily to the identification of authors’ statements on their application of
telecoupling. The deductive codes contributed with information on research characteristics such as
data collection and processing approaches and to what extent these strengthen causal statements.
An example is our distinction between ‘material’ and ‘immaterial’ analytical focus, through which we
try to identify which aspects of the study object are in primary focus. This is different from the
distinction between material and immaterial flows. A study might analyze a material flow (such as
commodities) but focus on the immaterial aspects of this commodity flow (such as local attitudes in
the receiving system or political incentive structures in the sending system) (supplementary
material_1).
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3.2 Data coding and analysis

The articles were not examined in terms of how well they attribute causality since causal analysis is
not an explicit objective of all reviewed articles. Rather, we analyzed if and how telecoupling
influences the way causal relationships are identified and we reviewed the methods and methodo-
logical approaches used to make causal attributions. The different research designs are discussed in
their relation to one another and with regards to the causal statements made in the article and the
telecoupling approach applied (i.e. discerning between heuristic and structured approaches and the
application of telecoupling as either a narrative, empirical application, or operationalization through
existing concepts and tools see also supplementary material_1).

Since the analysis included some elements of latent content (the underlying meaning of the text),
coding reliability became particularly important. Intercoder reliability was enhanced by conducting
a series of pilot tests during the development of the codebook and conducting continuous and
collective meetings to evaluate results. Moreover, each article was reviewed by a minimum of two
authors with the use of the same coding scheme, and the first author was in charge of merging
reviews, aggregating and analyzing the coded text segments.

With regards to causality, the coders were asked to code all statements made that captured
cause-effect relationships were coded, including statements that were not explicitly claiming to
attribute causality. Codes were then labeled with direct reference to authors’ terminology to avoid
unstructured and layered interpretation by individual coders. The analysis was conducted in NVivo,
relying on the codebook to investigate the articles’ causal statements, analyzing their relationship to
other codes, and organizing node hierarchies.

4. Results and discussion
4.1 Analytical approaches in telecoupling research

The reviewed articles represent a broad variety of research topics and types of flows, albeit a majority
focus on land use, land-use change, or international trade since we limit the sample to studies within
LSS. In turn, the flows mostly analyzed are financial flows, commodities, and trade flows, but there
are also several examples of more immaterial flows such as information, knowledge, and policy
(supplementary material_1). Generally, the contributions reviewed in this paper shows how
a relatively simple idea like telecoupling can support a broad variety of research inquiries addressing
a high level of complexity.

An overview of the causal statements and key research attributes is presented in the supplemen-
tary material. These statements vary in scale from specific country-level inquiries such as how
Chinese imports from the Congo basin are driven by the US demand for Chinese furniture (Fuller
et al,, 2018), to broader discussions of the multiple drivers of global and regional land-use change
(Creutzig et al., 2019). Nine articles justify causal statements by referring to findings from field
observations, whereas the majority of the causal statements are justified by using evidence from
existing literature, models, and quantitative measurements or estimations (Figure 2). The figure
presents broader categories while a breakdown of specific tools applied is available in supplemen-
tary materials. Two articles are excluded from the figure as we did not identify any specific causal
claims (Seaquist et al., 2014; Zimmerer et al., 2018).

In 30 of the 45 articles, data is included on the same topic over a given time period (years or
decades, past or future) (supplementary material_1,4). Twenty-three of these deal with spatial data
(including forest cover data), while the others are spread across biophysical, economic, and trade
data, among others. The use of longitudinal data is not equivalent to an explicit focus on causal
temporal couplings (e.g. legacy effects and time lags), such as the historical interactions between
deforestation and soil loss (Norder et al., 2017), as there is a much stronger focus on the spatial
connections (supplementary material_1).



JOURNAL OF LAND USE SCIENCE (&) 393

!
||

7
9
7
7
4
9
9
8
:
8
8
3
5
8
7
4
:
8
6
9
8
6
9

TYPES OF TOOLS APPLIED

o
en 2020
ina 2017
al.2015
29k 2016
2020
2019
2016
2020
2020
20
07 [
20
.20
2018 [
20
20
20
2020
2017 [
2017
2017
200 [0
2018
12020
2016
2018 L_____

Fulleretal.
Galazetal.
Garrett et al.
Gasparri et al. 2015b
Hul
Kastner e
Laroche etal.
Le Gall ef
Leiszetal.
Llopis e
Marola et al.
McCord etal.
Silva ef
Sun et
Tonini and Li
Torres etal.
Weng ef
Yaoe
Yawson et
Young e

Alexander et l.
Andriamihaja et al.
Carrasco etal.
Friis and Niel
Hauer and Niel
Kozak and Szwag
Millington etal.
Schierhorn e
Zaehringer et

Keys and Wang Erlandsson 2018
Schaffer-Smith ef

. Conceptual construction of coupled systems l:‘ Literature and existing evidence D Models l:‘ Maps and satellite imagery

. Quantitative measurements or estimations l:‘ Social network analysis D Field methods

Figure 2. Type of tools applied to justify causal statements. Source: Figure generated from own data.

The articles that primarily use quantitative assessments tend to frequently approach their
research from a deductive approach, testing a predefined explanatory theory or exploring the effects
of a top-down rule or policy, whereas the mixed methods and qualitative approaches are more
exploratory (see supplementary material_1). Generally, qualitative and mixed methods approaches
together with temporal perspectives seem to be an underrepresented combination in the sample.
Qualitative approaches are important to pursue since some flows in telecoupled systems are difficult,
if not impossible, to quantify. Discursive or knowledge flows cannot easily be measured in quanti-
tative terms. Generally, due to the context-dependent, complex, and dynamic nature of land
systems, and the (partial) lack of relevant knowledge and data (Newig et al., 2020), it is challenging
to isolate causal factors and measure and quantify them. More interpretative analyses are required to
explain the less tangible dimensions of causal relationships.

For example, REDD+ is an official framework for reducing emissions from deforestation and forest
degradation, but in terms of understanding the drivers and effects of related interventions, it is
important to examine the various incentives and values of the governing actors (Eakin et al., 2014), as
they pursue different aims and strategies for implementation, which will affect the outcome of the
interventions (Andriamihaja et al., 2019). Thus, in a REDD+ case, it is relevant to map and quantify the
direction of material and financial flows. However, to understand the full nature of causal mechan-
isms, it is essential to investigate, through more qualitative inquiry, the more immaterial flows of
ideas and values, and the actions and behaviors of actor-networks mediating these. A relevant and
frequently referenced but rarely applied approach in telecoupling research is process-tracing. The
process-tracing method breaks down flows and causal chains observed in case studies into analyz-
able units and validates each link in causal graphs as well as invalidates counter-hypotheses (Beach &
Pedersen, 2016; Bennett & George, 2005).

In the review sample, the use of secondary data is more common in studies with primarily
quantitative interpretation rather than qualitative interpretation (Figure 3). In two studies,
qualitative secondary social data is used (Carter et al., 2014; Keys & Wang-Erlandsson, 2018).
This finding is related to the tendency that most of the examples of temporal perspectives are
conducted with quantitative (22 articles) rather than qualitative (two articles) assessment. The
two examples that combine a qualitative assessment with some degree of quantitative and
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Figure 3. Data source within qualitative and quantitative studies. Source: Figure generated from own data.

longitudinal analysis include Oberlack et al. (2018) who provide a stylized timeline from 2007 to
2016 of a bioenergy project case in Sierra Leone that led to significant land-use changes. The
timeline provides an overview of major activities and events associated with the project in the
set-up phase, the operational phase, and the scaling down and termination phase. While the
authors do not claim to present more than a process overview, we argue it is a useful tool for
a telecoupling analysis as it provides a context for knowledge and value generation and allows
for the consideration of links between concrete events in time (temporal couplings) that might
be decisive for the outcome of the intervention. Another example is Hauer and Nielsen (2020)
who do not explicitly adopt a longitudinal design, but they provide an example of how questions
in qualitative interviews can be tailored to focus on organizational evolution and changes over
time.

There appears to be a reluctance to engage more explicitly with the implied temporal dimen-
sion of the telecoupling framework and to move beyond quantitative approaches more familiar in
traditional LSS. Due to the few examples in our review that combine qualitative and mixed
methods approaches with a temporal perspective, we present a few cases beyond our sample to
illustrate the value of conducting comparative longitudinal studies on topics that are often subject
to telecoupling research. Vicol et al. , for example, apply a temporal perspective on the implica-
tions of global value chain upgrading for coffee producers in Indonesia. They select secondary
qualitative-quantitative survey data from case studies at three different geographical sites where
village-level field visits and household surveys had been carried out at least annually between
2008 and 2016. This allows them to make a longitudinal assessment of local attitudes and analyze
how coffee value chain relationships emerge, evolve, and break down. These are dynamics that
would be difficult to capture using a single-sited snapshot of an isolated case. Petursson and
Vedeld (2017) present an approach to analyzing the development and manifestation of conserva-
tion policy discourse over time by analyzing qualitative data from interviews in the same case-
study region in Uganda for a period of eight years from 2003 to 2011. This enables them to
generate new insight into how changing actor interests and power relations can contribute to
explaining the gap between rhetoric and reality in protected area governance. Another approach
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is presented by Liu et al. (2014), who suggest that information about transnational land deals could
be documented in a relational database and categorized according to sending, receiving, and
spillover systems, with each system including a list of agents, flows, causes, effects, and their
linkages to other telecouplings such as species invasion. This would provide future telecoupling
analyses with information on how land deals evolve and are connected in time. As pointed out by
the authors, a promising database to enable such research inquiries is the LandMatrix, an
independent land monitoring initiative to improve transparency in decisions over large-scale
land acquisitions (Land matrix, n.d.).

We do not find any evidence that the interaction with telecoupling prescribes a specific type of
analysis. Still, we do find that the application of the telecoupling influences the analytical perspective
and contributes to generating new insights by specifying distal system dynamics, as we elaborate on
in the following sections.

4.2 Different approaches to telecoupling

In the literature, the word ‘telecoupling’ is on the one hand used to describe the phenomena of
globalization, and on the other hand, used as a conceptual framework to study these phenomena.
We echo the argument that telecoupling research needs more consistent language, as proposed in
(Meyfroidt, 2016) and, equally important, to be clear about how telecoupling is understood. We find
that the potential of telecoupling to directly support more nuanced causal attribution in LSS
depends on this variety in telecoupling application and operationalization.

A distinction between telecoupling as a phenomenon, a concept, and a framework has been
identified in previous reviews (Kapsar et al.). However, our review reveals examples where all three
types are applied simultaneously, which makes it difficult to clarify the difference it makes for
causal attribution to adopt a telecoupling lens in the analysis. For the sake of consistent wording,
from here onwards we refer to telecoupling as a framework in our conceptual discussions and
recommendations for future research. To categorize and discuss the variety of approaches to
telecoupling across the articles in our review sample, we offer a modification of the typology
proposed in Kapsar et al. (2019) by discerning between 1) research that applies telecoupling
implicitly as a phenomenon or research context (telecoupling as a narrative), and 2) research that
directly applies the telecoupling framework on an empirical case in combination with another
framework (telecoupling operationalized through existing concepts and tools), and 3) research
that directly applies the telecoupling framework to an empirical case (empirical application of
telecoupling). These three archetypes are not mutually exclusive but provide a constructive
categorization for the discussion of the value added by the telecoupling framework.

Telecoupling as a narrative constitutes much of what we already know from research on
multifaceted sustainability challenges about system interconnectedness but makes the inter-
connectedness more explicit by zooming in on the linkages involved in global processes. We
identified 24 articles applying telecoupling as a narrative for research context rather than
operationalized through existing concepts and tools or empirical application, and 16 of those
articles focus primarily on material aspects (Figure 4). For instance, Rulli et al. (2019) apply
telecoupling as a narrative in their analysis of potential environmental impacts of the expansion
of oil palm production in Indonesia, where they focus primarily on observable, measurable, and
material aspects such as quantifying forest loss, fragmentation, CO2 emissions, and freshwater
pollution. They refer to the interconnectedness of drivers (bioenergy and palm oil consumption)
and the multitude of environmental impacts, as an argument that policymakers should develop
strategies that consider the complexity of telecoupled systems and spillovers.
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Figure 4. Telecoupling application and analytical focus. Source: Figure generated from own data.

Applying telecoupling as a narrative can help move beyond seeing globalization as a diffuse
process and towards attending to specific global linkages and identifying the underlying distal
drivers of environmental and social problems that manifest in a particular place. However, the
analytical influence of telecoupling in studies that do not refer to any of the framework components,
but only briefly mentions the term as an empirical phenomenon, is unclear (see for example, Creutzig
etal, 2019; Fuller et al., ; Galaz et al., 2018; Kastner et al.,, 2015; Kozak & Szwagrzyk, ; Schierhorn et al.,
2019).

In several research articles applying telecoupling as a narrative, telecoupling is understood
broadly as a globalization process that has various impacts on land use and land cover, rather
than operationalized as a tool to identify causal relationships. For example, Llopis et al. (2020)
explore two telecoupling dynamics (protected areas and cash crop price boom) as drivers of the
state of local well-being in a context of agricultural intensification in a biodiversity hotspot in
Madagascar, or Bicudo da Silva et al. (2020) who consider telecoupling processes such as ecological
tourism connecting urban and distant populations as the driver of direct and indirect land changes in
Brazil. As such, telecoupling as a narrative can work as a way to describe the phenomenon of
multiplex and intertwined causes rather than disentangling the complexity through the operatio-
nalization of the telecoupling framework components.

In contrast, the remaining 21 articles apply telecoupling more explicitly in either operationaliza-
tion through existing concepts and tools or direct empirical application with reference to some or
all of the telecoupling elements of the original framework: systems, causes, effects, actors, and
flows (Liu et al.,, 2013). These more explicit telecoupling applications are frequently carried out with
a combined material and immaterial analytical focus (13 articles out of 21). Telecoupling as
operationalized through existing concepts and tools and empirical application is also associated
with more examples of qualitative interpretation (four articles) and integrated qualitative/quanti-
tative interpretation (eight articles) than the ‘telecoupling as a narrative’ application where 17
articles apply quantitative interpretation, 7 articles engage with both quantitative and qualitative
interpretation, and zero articles appear purely qualitative (Figure 4). In turn, analyses of informa-
tion-based flows such as discourse, knowledge, policy, and social dynamics are found primarily
within empirical application or operationalization through existing concepts and tools (supple-
mentary material_1).
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Telecoupling as operationalized through existing concepts and tools shows how telecoupling can
support an extension or modification of existing conceptual frameworks from various disciplines to
better capture the interlinkages and interdependencies in a globalizing world. Hauer and Nielsen
(2020) combine telecoupling with geographies of marketization. The marketization perspective
supports attention towards everyday practices and actor behavior in the study site while telecou-
pling provides a structured way of accounting for the systemic position of the studied phenomenon.
Using this approach, they show how rice markets, rice cultivation and landscapes are intertwined
and co-evolving in Burkina Faso rather than one causing the other. The iteration between a systemic
and practice-oriented analysis enables a move beyond isolated descriptions of causes and effects
and towards an understanding of the causal mechanism and broader causal relationships influen-
cing the rice sector.

Another example is Andriamihaja et al. (2019) who combine the telecoupling framework with
a social network analysis (SNA) approach to capture the drivers of more immaterial flows by showing
how the interests of distant actors influence and accelerate local land competition in Madagascar.
They inform this theoretical approach by qualitative field observations at a regional and national
level and qualitative-quantitative survey information on, amongst other things, product prices, and
less tangible and informal information flow. They visualize this variety of data in a network graph
showing the intensity, scale, frequency, and complexity of flows and interactions that comprise the
evidence for the variety of land-use change drivers. They note how the application of telecoupling
enabled them to better understand the links between distant drivers and local effects. In this
example, telecoupling provides a framework for the application of SNA by prescribing the domains
for analytical inquiry (systems, actors, causes, effects, flows), and SNA offers a way of carrying out this
inquiry in a structured and quantifiable way. The articles within this category engage directly with
telecoupling and deal with an empirical case but the focus is on how empirical application is
operationalized through either integration or combination with existing theory (Hauer & Nielsen,
2020), conceptual integration (Oberlack et al., 2018; Zimmerer et al., 2018), the extension of existing
frameworks (Keys & Wang-Erlandsson, 2018), or models (Yao et al., 2018), or through specific
methodological tools (Andriamihaja et al., ; McCord et al., 2018; Millington et al., 2017). We cluster
these together in one archetype because they all primarily focus on developing the idea of
telecoupling through explicit interaction with existing concepts and methods.

Finally, the application of telecoupling for direct empirical application reveals how the tele-
coupling framework can be used as an analytical tool to disentangle actors, systems, flows,
causes, and effects in situations where the analytical boundaries are inherently challenging to
draw due to the transcending nature of the research problems studied. Friis and Nielsen (2017),
for example, break up the banana production network into separate units of analysis (sending
and receiving systems, actors, feedback, flows, etc.) and show how qualitative data and an
empirical application of telecoupling can help expand the understanding of agency and power
between distant actors. They show how this analytical approach better captures the complexity
of causal relations behind the banana boom rather than limiting the analytical focus to
a particular production system or place. Hulina et al. (2017) also show how telecoupling supports
their analysis of migratory species by accounting holistically and systematically for the multitude
of interrelated components (systems, flows, agents, causes, effects), in a way that provides a full
picture of issues related to species migration and conservation, without losing sight of important
but more underlying factors such as public perceptions of land use and cultural acceptance of
the need for species conservation. Gasparri et al. (2015) combine a focus on both material and
immaterial aspects in their empirical application of telecoupling to show how knowledge
transfer, direct investment, and cooperation with South America are crucial elements of the
soybean expansion in Southern Africa, which can result in similar deforestation and biodiversity
loss as in South America
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We propose these three distinct ways of understanding and applying the telecoupling framework
as a way to structure the discussion that follows, even if aware that there are examples of more
ambiguous applications. For example, Marola et al. (2020) refer to telecoupling as a phenomenon
and emphasize that their objective is ‘'not so much to see what telecoupling can tell us about
environmental certification as what we can learn from environmental certification about crafting
information flows to govern telecoupled systems.’ (p. 2). Still, they apply the idea directly to an
empirical case. As they refer to telecoupling as a phenomenon and a globalization effect rather than
an analytical framework, we have categorized their application as a narrative. The article is atypical
for the sample in that it shows that telecoupling as a narrative can also be applied more directly to
explore an empirical case, and thus contribute to the theory development of the framework
components even if they are not explicitly included in the analysis. They do so by providing
a structured way to analyze and distinguish between information flows between distant places in
terms of bandwidth, which can support empirical theorizing on telecoupling governance (Marola
et al., 2020).

4.3 The analytical influence of telecoupling for causal attribution

Nineteen of the 45 articles in the reviewed sample report in different ways how the telecoupling
framework contributes to their analysis. Articles belonging to the empirical application of the
telecoupling framework more often report on such contributions, followed by studies that combine
telecoupling with other theoretical frameworks. Studies that employ telecoupling as a narrative
rarely do so (Figure 5).

The statements in Figure 5 suggest that the umbrella conceptual framing of telecoupling (map-
ping distant connections and multiple systems interactions) is the most broadly reported contribution
of the framework across all three types of application. In a globalized and interconnected world, it
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Figure 5. Reported contributions of the telecoupling framework. Source: Figure generated from own data.
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can be difficult to determine which variables should be accounted for as a cause, and which should
be accounted for as the effect (cf. the challenge positive feedback loops presented in Table 1). By
mapping distant connections between multiple system components, the telecoupling framework
disentangles this multitude of possible cause-effect relationships. It does so in a structured manner
that makes it possible to focus on investigating specific linkages, causes, and effects, while acknowl-
edging the wider system and other potential explanations. Thus, telecoupling does not ask what can
be seen as a cause for the object of study, but what might have an interaction with the object of
study. Hauer and Nielsen (2020) argue that the emphasis on systems connections through the
analysis of flows results in less attention towards the question of how systems emerge, and how
causal mechanisms play out. From another perspective, it could be argued that the telecoupling
framework supports exactly such inquiry by showing how systems are created, maintained, or
dissolved, by the direction and strength of flows between actors. In that sense, telecoupling maps
the challenge of inferring causality, while at the same time providing a way to meet this challenge.

Mapping multiple actor relationships is also key in the original framing of telecoupling, but a less
frequently reported contribution in the reviewed sample (3 articles; Figure 5). This speaks to the
argument by Sonderegger et al. (2020), that the embedded network aspect of telecoupling deserves
further testing and operationalization. Telecoupling research can contribute to shedding light on the
interconnectedness between systems, actors, processes, and flows, but inevitably falls short in
depicting all the dimensions of such complexity at once. Acknowledging the telecoupling framework
as a type of network approach would also imply acknowledging this premise, and that the frame-
work can map multiplex causal relationships that can then be subject to narrower inquiries in
integration with other theoretical frameworks and/or by tapping into the telecoupling toolbox.
This growing toolbox contains script tools for the assessment of potential causes and effects
between social-ecological telecoupled systems through both statistical assessment and qualitative
description (Nielsen et al., 2019; Tonini & Liu, 2017).

The objective of telecoupling research does not need to be to identify all causes and effects related
to a given empirical case of land-use change but to identify which telecoupled relationships generate
the largest socio-economic and environmental impacts (Liu et al., 2014) and to discover more
unanticipated, intangible or underlying driving forces (Geist & Lambin, 2002). This is related to the
reported strength that telecoupling contributes to illuminating unknown, unexpected, or underlying
interactions (Figure 5). Telecoupling can help identify otherwise overlooked drivers by following flows
between agents across systems with complex and fuzzy institutional boundaries. The inherent uncer-
tainty related to causal attribution in LSS should be acknowledged as part of telecoupled systems
rather than as a barrier to causal analysis. Uncertainty is not necessarily an analytical shortcoming but
can be a valuable finding if it is explicitly discussed and integrated with the analysis. Some land-use
changes require an acceptance that there will always be uncertainty because of the difficulty of
attributing one factor as a cause and another one as an outcome (Rauschmayer et al., 2009).

In principle, causality can never be fully proven, only inferred. It has been a long while since
science started to attribute causality beyond what can be directly observed, but there are not many
holistic analytical frameworks within LSS that manage this accepted uncertainty about causal
mechanisms. Whether applied directly and empirically, through existing concepts and tools, or as
a narrative, the telecoupling framework does not prescribe any theory or methods to analyze causal
mechanismes. Still, the framework’s approach to relationships between causes and effects as complex
linkages and pathways (cf., Eakin et al., 2017), provides a heuristic framing for the data collection on
processes, actors and flows that can contribute to a more nuanced understanding of causality and
causal mechanisms. As put by Eakin et al. (2017), the phenomenon of unexpected outcomes can in
part be explained by the intangible nature of linkages such as values, political dynamics and
information flows in telecoupled systems. For example, in the classic case of the causal relationship
between increased meat demand in China (cause) and deforestation in Brazil (effect), analysis of the
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direction and strength of trade flows provides information on the interdependency of distant actors
and land use processes which contributes to revealing the mechanisms through which the cause
produces the effect (Torres et al., 2017). As such, and especially when approached through inte-
grated toolboxes, telecoupling facilitates consideration of the agency of causal linkages which is
essential to guide the different types of land use policy interventions that different causal mechan-
isms call for (Meyfroidt, 2016).

Integrated approaches to telecoupling causality are enabled through the framework because it
provides methodological flexibility (Figure 5). The telecoupling framework gives analytical direction
for the identification of specific causal relationships between systems and actors through material
and immaterial flows, while at the same time providing flexibility to discover alternative patterns
(Figure 5). As noted in Friis and Nielsen (2017), it allows to flexibly set the institutional and analytical
boundaries of the study, while always keeping a focus on the local issue at hand. For example, Eakin
et al. (2017) use telecoupling as a heuristic and draw system boundaries based on the different
values and interests of actors associated with a telecoupled food production system. Moreover, the
telecoupling framework provides flexibility in the sense that what makes a cause and what makes an
effect will change depending on the analytical entry point i.e. which flows and actors that are in focus
and what is interpreted as sending, receiving, and spillover systems.

Telecoupling does not prescribe where to look for specific drivers and effects, but it provides
a framework for how to look, and from where a decision on an analytical entry point can be made
without losing sight of the bigger picture. This is associated with the reported strength that overall,
telecoupling supports a holistic and integrative perspective. As put by Lambin et al. (2001), what drives
land-use change are ‘peoples’ responses to economic opportunities, as mediated by institutional
factors’ (p. 261), opportunities that are created by local, national, and international markets. This
underscores well why an integrative holistic perspective on concrete interactions across scales and
geographic distance is paramount. Moreover, the argument supports the need to further tap into the
reported contribution regarding demonstrating immaterial flows and interactions to illuminate the
beforementioned more intangible factors (e.g. incentive structures and institutional logics), which is
key to fully understanding the complexity of causes behind land-use change.

For example, underlying economic incentive structures among government actors or discursive
flows between institutions in a given land-use setting can over time contribute to environmental
degradation if local and positive attitudes towards conservation progressively weaken (Geist &
Lambin, 2002). While challenging to go beyond the acknowledgement of their presence and towards
structured causal analysis, these underlying and discursive structures make up enabling causal
factors for the phenomenon in focus (e.g. environmental degradation) and should be explored in
both their quantitative (e.g. volume or frequency) and qualitative (e.g. motivation or subjectivity)
characteristics and the context of the telecoupled systems. Boillat et al. (2018) present a good
example of telecoupling operationalization through existing concepts and tools in combination
with more qualitative inquiries, in this case, a telecoupling analysis in an environmental justice
framing to map power asymmetries in four different cases of protected area governance. Underlying
causal mechanisms are also more far-reaching than the effects they from time to time generate. An
example from the review is the observable trade of commodities (material flows), which can be
linked to more underlying reciprocal flows, policy, and discourses (immaterial flows; Gasparri et al.,
2015; Leisz et al., 2016). In addition, the biological state of a forest can be influenced by cultural
values, institutions, and social capital even though a direct causal link to physical traits such as
resource extraction cannot be easily attributed with concrete measures and numbers (see, Gibson
et al., 1999 or Geist & Lambin, 2002).

We did not identify any direct reports on the potential and strength of the telecoupling frame-
work in terms of supporting analysis of complexities related to the temporal dimension such as
facilitating the identification of non-linearity, time-lags, or inertia (Table 1). As noted earlier, 30 of the



JOURNAL OF LAND USE SCIENCE (&) 401

45 reviewed articles include some level of temporal perspective. However, the ability of the
telecoupling framework to identify temporal couplings is not reported in the articles applying the
framework more explicitly (Figure 5). The temporal dimension is addressed in the original concep-
tualization of the telecoupling framework (Liu et al., 2015). However, as our review indicates, not
much telecoupling research aims at moving beyond the presentation of system interactions as
temporal snapshots and towards addressing both temporal and underlying flows behind multiple
interacting causal mechanisms. Such information is relevant for policy intervention as it informs
about the permanency and institutionalization of the telecoupled system. Relevant tools for more
integrated inquiries have already been discussed in relation to telecoupling research including
socioeconomic metabolism (Friis et al., 2016), process-tracing (Carlson et al., ; Meyfroidt, 2016),
hybrid telecoupling models (Millington et al., 2017), agent-based modeling (Dou et al., 2019) or
system dynamics models (Paitan & Verburg, 2019), and networks of action situations (NAS) approach
(Oberlack et al., 2018), amongst others. Moreover, there are visualization techniques to show
temporal order and development within social-ecological systems (Banitz et al., 2022; Sonderegger
et al,, 2020). However, accounting for temporal dynamics such as latency effects or slow-moving
variables remains a challenge.

A telecoupling framework that supports longitudinal and mixed methods assessments would
strengthen its contribution to causal analysis, not least because underlying drivers that require
qualitative inquiry tend to reveal themselves over time. For example, increased timber logging is
a proximate cause of the decline in biodiversity. The direct effect of timber logging in terms of
habitat destruction can be measured and mapped quantitatively. However, looking at the cause of
increased timber logging in more detail would require attention to the underlying driving forces
(Geist & Lambin, 2002) at broader governance scales, and a consideration of the cumulative causes
and more slow-moving variables (Pierson & Brown University, Rhode Island, Dietrich Rueschemeyer,
Brown University, 2003). Moreover, underlying driving forces such as individual incentives related to
increasing incomes from logging, and slow-moving variables such as attitude change require more
qualitative inquiries.

Addressing causal mechanisms in an exploratory and hypothetical manner does not necessarily
mirror a lack of structural approach to causality (cf., (Carlson et al.). Rather, it can be seen as an
acknowledgement of the challenges associated with causal attribution (Table 1). Tapping into the
strengths reported in Figure 5, the telecoupling framework becomes particularly suited to meet
some of these challenges as it disentangles the interconnectedness associated with environmental
and social problems involving multiple actors, scales, and locations (multi-causality), the immaterial
and indirect flows between actors (potential underlying causes or confounding variables), and the
spillover systems of such problems (cumulative and cascading effects).

5. Conclusion

Attributing causality in LSS is a challenging endeavor in today's interconnected world. In this article, we
have demonstrated how the empirical telecoupling literature has taken up the challenge. First, we have
shown that such literature is characterized by a broad variety of disciplines and analytical approaches.
While most studies applying telecoupling do so with the use of quantitative methods, as identified in
earlier reviews, qualitative and mixed methods studies and perspectives on temporal couplings are
underrepresented. Consequently, we have suggested that qualitative and mixed-method longitudinal
approaches to telecoupling research can complement quantitative analyses and provide a promising
pathway for strengthening causal assessments in complex system interactions.

Second, based on the review, we have argued that telecoupling applications are most
explicit in their contribution to providing a more nuanced understanding of causality in LSS
when approached through either empirical application or operationalization through existing
concepts and tools, rather than as a narrative. The empirical application of telecoupling shows
that using telecoupling directly as an analytical tool to map and visualize actors and flows
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between distant systems can reveal unexpected impacts, spillovers, and significant causal
relationships that are surrounded by complexity and uncertainty. Telecoupling operationalized
through existing concepts and tools, in turn, demonstrates that conceptual frameworks from
other disciplines can be enriched with a telecoupling lens and subsequently contribute to
better capturing interconnectedness across distance. Altogether, the explicit interaction with
the telecoupling framework seems to facilitate a more holistic focus on both material and
immaterial aspects of causal relationships.

Third, the analysis of the review findings and the authors’ reports on the benefits of engaging
with the telecoupling framework, reveal that the analytical contribution of applying the framework
is broad and ranges from its methodological flexibility to the holistic mapping of multiple systems
and distant interactions. While it is rarely elaborated in detail how telecoupling contributes to
causal attribution, there is evidence that telecoupling supports the identification of causal relation-
ships that explicitly address, and thereby overcome, the analytical challenge related to the
inherent complexity, unpredictability, and uncertainty of causes and effects which can comple-
ment existing LSS theory. Providing a flow-based and agency-focused perspective on causality can
if operationalized through relevant qualitative and quantitative methods, guide the direction of
interventions to target the processes and actors responsible for the most decisive causal
mechanisms.

Overall, this article has demonstrated that telecoupling can push otherwise unobservable driving
forces to the empirical domain through the conceptualization of multiple system components. In
research advocating for better causal attribution in LSS, however, there is often a focus on the need to
have causality proven with solid evidence from rigorous and triangulated methodological approaches.
In this regard, we conclude that a telecoupling perspective does not necessarily make research better
at proving causality, but it provides a structured framework for better understanding the complexity in
the variety of ways causes and effects can be linked and unfold in a hyperconnected world. Finally, the
telecoupling framework offers terminology and a toolbox for structuring and communicating such
complexity in a way that shows applicable in various disciplines and methodological approaches,
which makes it suitable for trans- and interdisciplinary research and collaboration. It is the analytical
process that the telecoupling framework supports, which we argue can ensure a more nuanced
understanding of causal attribution within LSS and beyond.
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