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GRAPHICAL ABSTRACT

studies using TFL-based approaches. Future research should more
consider both the distant drivers of change and the impact of local changes on distant systems.

I Conclusion: Distant driving forces are influential in a metacoupled world and can be missed in sustainability I

ABSTRACT

Complex sustainability issues in the Anthropocene, with rapid globalization and global environmental changes,
are increasingly interlinked between not only nearby systems but also distant systems. Tobler’s first law of geog-
raphy (TFL) states “near things are more related than distant things”. Evidence suggests that TFL is not infallible
for sustainability issues. Recently, the integrated framework of metacoupling (MCF; human-nature interactions
within as well as between adjacent and distant systems) has been applied to analyze the interactions between
nearby and distant coupled human and natural systems simultaneously. However, previous work has been scat-
tered and fragmented. It is crucial to understand the extent to which TFL and MCF apply across pressing issues
in sustainability. Therefore, we reviewed and synthesized sustainability literature that used TFL and MCF across
seven major topics: land change, species migration, tourism, trade, agricultural development, conservation, and
governance. Results indicate MCF had a much broader applicability than TFL for these topics. The literature
using MCF generally did not or likely did not obey TFL, especially in trade, governance, and agricultural de-
velopment. In the TFL literature, most topics obeyed TFL, except for species migration and trade. The findings
suggest the need to rethink and further test TFL’s relevance to sustainability issues, and highlight the potential
of MCF to address complex interactions between both adjacent and distant systems across the world for global
sustainability.

1. Introduction

Tobler’s first law of geography (TFL) in addressing sustainability issues
under intensifying human-nature interactions, not only within a place

Geographical principles continue to play an important role in sus-
tainability (Fu et al., 2022). However, sustainability issues are often
highly intertwined and interlinked across space (Liu et al., 2015a). In the
Anthropocene, an era with rapid globalization and global environmental
changes, there is a great need to rethink the applicability and context of

and between adjacent places but also between distant places.

Waldo Tobler introduced his “first law of geography” in 1970 while
modeling the population growth of Detroit, and stated “everything is
related to everything else, but near things are more related than distant
things” (Tobler, 1970). Some environmental processes can be described
by TFL, for example, a slope on a surface will be more similar to areas

Abbreviations: MCF, Metacoupling Framework; TFL, Tobler’s First Law of Geography; CHANS, Coupled Human and Natural Systems; WoS, Web of Science.
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nearby, or soil samples taken near one another can be expected to be
more similar than those taken from the other side of the field. TFL gained
popularity during the 1980’s as the quantitative Geographic Informa-
tion System (GIS) and spatial analytical methods based on proximity
grew in popularity (Foresman and Luscombe, 2017; Fotheringham and
O’Kelly, 1989). TFL has also been the subject of numerous debates, the
most detailed of which being the 2003 American Association of Geog-
raphers panel discussion surrounding, among other things, the mean-
ing of “near” and “related” and what constitutes a “law” in geography
(Sui, 2004). Tobler replied to this discussion, stating the main purpose of
invoking this law was to simplify his Detroit growth model. He sought
to make the most parsimonious model by only incorporating the cru-
cial components to local growth. What Tobler actually reports is a mea-
sure of relation based on proximity, which is not a new concept. More-
over, laws across disciplines are also not new concepts, and, his article
mainly gained traction because he invoked the term “law” to describe
a general phenomenon of proximity and relatedness (Tobler, 2004).
Some articles have extended TFL by offering slight adjustments, in-
cluding accounting for spatially enabled economies (Foresman and
Luscombe, 2017; Fotheringham and O’Kelly, 1989), relational space
(Bergmann and O’Sullivan, 2018), multivariate analysis (Anselin and
Li, 2020), and direction (Zhu et al., 2019). Despite these debates and
caveats, TFL was integral to the development of spatial interpolation
and spatial autocorrelation (Waters, 2017) and served as an important
inspiration during the development of GIS (Goodchild, 2010; Sui, 2004).

The metacoupling framework (MCF) is another approach which fo-
cuses on relations across space. MCF simultaneously addresses human-
nature interactions within, adjacent to, and distant from a given cou-
pled human and natural system (Liu, 2017). The comprehensiveness and
flexibility of MCF may prove it to be a worthy complement to TFL, as
it can account for interactions between adjacent systems and distant
systems (da Silva et al., 2021). This framework arose from multiple ad-
vancements in ways to examine the relationships between humans and
the environment, and has been used to study many systems, such as
the international soybean trade (da Silva et al., 2021) and the Arctic
(Kapsar et al., 2022). MCF is typically applied by explicitly examin-
ing and instantiating the flows (e.g., movement of information, mat-
ter, energy, people, organisms) between systems. Liu et al. (2007) in-
troduces coupled human and natural systems (CHANS) as a framework
to describe the interactions between anthropogenic and natural systems
(Liu et al., 2007). Past studies on CHANS have largely focused on one
system. This idea was extended to the telecoupling framework, which
stated two or multiple CHANS interact with one another over distances
(Liu et al., 2013). In the telecoupling framework, each system is com-
posed of agents, causes, and effects, and two or more systems are con-
nected by flows of information, material, energy, people, capital, and
organisms. Systems can be categorized as sending systems (the source
of the flow), receiving systems (the destination of the flow), or spillover
systems (systems that affect or are affected by the interactions between
sending and receiving systems) (Liu et al., 2013). MCF is a holistic frame-
work which can simultaneously describe interactions within a given sys-
tem (intracoupling), between adjacent systems (pericoupling), and be-
tween distant systems (telecoupling) (Liu, 2017). Recent studies using
MCF found that interactions between distant systems were more im-
portant than interactions between adjacent systems (Xu et al., 2020).
However, evidence so far is scattered and fragmented. Therefore, there
is a need to review and synthesize the context and applicability of TFL
and MCF in addressing complex sustainability issues.

The typical definition of sustainability comes from the Brundtland
Report (World Commission on Environment and Development, 1987) -
“meeting the needs of the present without compromising the ability of
future generations to meet their own needs”, however, many other def-
initions exist (White, 2013). To limit our study to subject matters com-
mon across geography, sustainability, and metacoupling, we combined
the major themes from the United Nations’ Sustainable Development
Goals (Messerli, 2018), the key elements for promoting sustainability
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(Fu et al., 2022), and the Telecoupling Toolbox (Tonini and Liu, 2017).
Here, we investigate the extent to which TFL and MCF apply in agri-
cultural development, conservation, governance, land change, species
migration, tourism, and trade. The search terms for each of these cate-
gories can be found in Table 1.

Our study seeks to investigate the applicability of TFL and MCF
across sustainability problems and the main contexts in which each is
used. To address this, we conducted a systematic review of TFL and MCF
literature, guided by the Preferred Reporting Items for Systematic Re-
views and Meta-Analyses (PRISMA) standards (Page et al., 2021). We
first used broad search terms to obtain relevant articles, screened the
titles and abstracts, and separated the results from each approach (MCF
or TFL) into their main sustainability topics. From here, we synthesized
the most relevant literature on each sustainability topic. As a whole, we
aim to examine and compare the roles of MCF and TFL in addressing
several important issues in sustainability. Using MCF in tandem with
TFL could be a powerful way to address sustainability issues involving
geographically distant yet connected systems.

2. Materials and methods

This study sought to address how sustainability issues are viewed
through two different approaches: TFL and MCF. We first iteratively
narrowed our search terms until our desired terms for the two main
approaches were found, then repeated this process for our topics. We
marked if TFL applied and which approach was more appropriate for
all relevant articles, and, finally, examined the major themes in the lit-
erature around each sustainability topic for MCF and TFL. The literature
review and screening process are summarized in Fig. 1.

2.1. Identifying literature

A systematic review seeks to locate all relevant scientific information
on a subject and synthesize this existing knowledge to create a novel
finding (Siddaway et al., 2019). Our systematic review focused on ex-
ploring applications of TFL and MCF to pressing issues in sustainability.
To accomplish this, we adapted and modified the PRISMA workflow to
search Clarivate’s Web of Science (WoS) database for relevant literature
(Fig. 1). PRISMA is a standardized approach to conducting a systematic
review, and includes the stages of “Identification”, “Screening”, and “In-
cluded” when identifying relevant research (Page et al., 2021). Because
this study sought to compare MCF and TFL literature, we modified this
workflow to be used on two sets of literature. We adapted this workflow
to guide our systematic review, and conducted two separate screening
stages instead of the single one outlined by PRISMA. We also included
a step where we tested the extent to which the articles obeyed TFL and
a final step in which we synthesized common themes across our results.
These changes were chiefly made because we screened papers at each
step, and because we were not combining quantitative results among
studies, which is a common goal of systematic reviews, but rather ex-
amining common themes within different sustainability topics.

Our review process began by determining the search terms for each
of the major approaches (MCF and TFL) used in articles published be-
fore March 2022. The terms selected simultaneously included the largest
number of relevant articles and excluded irrelevant articles. This was
achieved by searching several iterations of potentially relevant terms
and conducting an initial title screening on the first fifty results of each
search, as these comprised the first page of results in WoS.

Next, we defined which sustainability approaches we would com-
pare throughout our study. Sustainability can be a somewhat vague
and hard-to-define field (White, 2013). To bound our study, we com-
bined the main themes from the “key elements for promoting sus-
tainability” (Fu et al., 2022), the Telecoupling Toolbox (Tonini and
Liu, 2017), and the United Nations’ Sustainable Development Goals
(Messerli, 2018) to seven prominent topics in sustainability. The seven
main topics mentioned across these sources were land change, species
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Table 1
Search terms for Web of Science.
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Approaches Search terms for each approach Number of TFL articles Number of MCF
(as of March 2022) articles (as of
March 2022)
MCF (Metacoupl* OR Telecoupl* OR Meta-coupl* OR Tele-coupl*) NOT (*coupler) NA 275
TFL (Tobler NEAR “First Law”) OR (“First Law” NEAR “Geography”) 89 NA
Topics Search terms for each topic Number of TFL articles Number of MCF
(as of March 2022) articles (as of
March 2022)
Land Change (“land cover” OR “land-cover” OR “land use” OR “land-use” OR “land change” OR “LCLUC” OR “LULC” 17 138
OR deforest* OR (forest NEAR loss) OR urbanization OR (land NEAR fragment*) OR (land NEAR
expansion) OR (land NEAR manag*) OR (land NEAR degradat*) OR (land NEAR acquisition))
Species (migration OR breeding OR wintering OR stopover OR (species NEAR migrat*)) NOT (labor OR “human 2 20
Migration migration”)
Tourism (ecotourism OR travel OR touris* OR flight OR traffic OR transpor*) 10 35
Trade (trade OR import* OR export*) NOT (importan* OR tradeoff* OR trade-off*) 1 54
Agricultural (agricultur* OR food) 3 106
Development
Conservation (conserv* OR biodivers* OR “biological diversity” OR “national park*” OR “nature reserve” OR 2 89
“protected area” OR habitat*)
Governance (governance OR legal OR “water rights” OR “indigenous rights” OR “land rights”) 3 68
Fig. 1. The screening process from initial
TEL ( LI R i w MCF §earch to topic sythe51s. We adapted the ma-
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i 1 - R | ; -
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migration, tourism, trade, agricultural development, conservation, and
governance. We then filtered the initial TFL and MCF search results by
performing another search with additional search terms composed of
relevant phrases and keywords (e.g., “land cover” in our Land Change
topic) related to each of the topics (Table 1). For example, Line 1 in the
WoS search would include our main approach terms, and Line 2 would
include the topic search terms, for a total of 14 searches (MCF and TFL
per each of the seven topics).

2.2. Screening for relevance

After the seven topics were selected, we conducted a title and ab-
stract screening on only the initial search results for MCF and TFL
(Fig. 1). Doing this step first ensured each of our topic categories only
contained articles relevant to MCF and TFL. We divided the search so

two of the authors of this paper would individually review 40% of the
articles each, and the remaining 20% would be reviewed by both to en-
sure we were consistent on our criteria for selection. For an article to
be selected, it must (1) centrally focus discussion on or apply principles
of MCF or TFL; (2) broadly fit the fields of Geography, Ecology, En-
vironmental Science, or Sustainability; and (3) be available in English.
After we selected the relevant articles, we met to discuss the shared 20%
and conducted a full-text screening on any articles we disagreed on. Se-
lection/exclusion screenings were conducted using R Version 4.1.1 in
RStudio Version 1.4.1717 with the revtools package (Westgate, 2019).

2.3. Testing MCF and TFL

After the title/abstract screening, we examined the abstracts of each
relevant article to determine if TFL applied here by checking: “When
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Table 2

Criteria for testing if a certain entry obeyed TFL
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Obeys TFL? Criteria Example Situations / Phrases Example Reference Quote from the Example Reference

No States distant things are more related Distant forces drive, (Lira et al., 2022) “Although mezcal has been marketed under an
than nearby things dominate, are more alternative production narrative that promotes

important, outpace nearby, sustainability, we see how consumption in distant
or systems depend on distant areas has driven LULC changes in local production
sites”

Likely No Does not explicitly state whether or Distant forces are important (Tao et al., 2020) “The results show that there is an essential
not it obeys TFL or use any indicator to the results of the study, decrease in both the number and density of winter
phrases, but the results seem to show the study would be much rape patches under the opening global rapeseed
it does not obey TFL different if the distant forces market.”

were excluded

Unsure It is not clear if the article obeys or The article may discuss both (Fang et al., 2017) “We also investigated the interactive coercion

does not obey TFL nearby and distant forces, intensities between internal and external elements,
but does not state which one and the mechanisms and patterns of local
is more important or it is couplings and telecouplings in mega-urban
unclear which one is more agglomeration systems, which are affected by key
important from their results internal and external control elements.”

Both There are separate areas that do or Relations range in intensity, (Wang et al., 2022) “Telecoupled interdependencies between Central
likely do obey TFL and do not or e.g., a continental study Asian countries displayed complex directional
likely do not obey TFL where one country does obey relationships ranging from strong dependencies

and one does not for some ES to no telecoupling relationships”

Likely Yes Does not explicitly state that it does Nearby things / forces are (Tonini and Liu, 2017) “The number of pandas transported from the
follow TFL or use any indicator very important to the results reserve to other zoos increased between 2000 and
phrases, but the results seem to show of the study 2010, but more animals are transferred at shorter
it obeys TFL distances (within China) compared to those at

farther foreign locations.”

Yes States nearby things are more related Nearby forces drive / (Moreno- “... warfare and armed conflict primarily affects
than distant things, connections dominate, or are more Fernandez et al., land systems locally, but can forge telecouplings”
within a system were strongest, or the  important. The study i based 2021)

focus system decreased in similarity on / derived from TFL

with distance

considering geographic distance, does this article obey TFL?” More
specifically, we marked each article as “obeying TFL” only if an article’s
findings support “near things being more related than far away things.”
We used the phrases “obeys TFL” and “TFL applies” interchangeably be-
cause if a phenomenon obeys TFL, we can also say this law applies to
the phenomenon. If the extent to which TFL applied was unclear from
the abstract, then a full-text screening was conducted before marking
the article. Direct quotes and remarks which supported our decision on
each entry are provided in the Supplementary Materials. While both TFL
and MCF were created to deal with various types of distances (e.g., so-
cial and temporal) (Liu, 2017; Sui, 2004; Tobler, 2004), our study only
focused on geographic distance.

To determine if an article obeyed TFL, we reviewed the article’s ab-
stract and/or full-text for relevant findings, especially those which stated
the focal system’s relations to other systems. Table 2 shows the six sep-
arate options for each article: “Yes”, “Likely Yes”, “Unsure”, “Both”,
“Likely No”, and “No”. It also summarizes our criteria for each re-
sponse. We considered an article to have “obeyed” TFL if the main
findings showed that connections within a system were strongest, that
a system was more similar within its boundaries and to its immediate
neighbors than distant entities, or if the system decreased in similarity
with distance. If it was not explicitly stated, but likely that the nearby
things/forces outweighed the distant, the article was marked as “Likely
Yes”. If an article’s major findings did not make it clear whether local
or distant forces were more important, then the article was marked as
“Unsure”. If an article contained cases where one area did or likely did
obey TFL and one area did not or likely did not obey TFL, the article was
marked as “Both”. A given article was marked as “Likely No” if it did not
clearly state that distant things were more related, but the results would
be very different if the influence of distant forces was omitted. An article
likely did not obey TFL if the “distant things” seemed to be more related
to each other than the “nearby things”, but without clearly stating this.
If an article did clearly state that the distant things were more related,
then this article did not obey TFL and was marked “No”. Sometimes, ar-

ticles may have described distant things as the “driving force”, “most im-

portant factor”, or “dominant factor”. These articles were marked as not
obeying TFL because their main findings showed that distant forces were
more important than nearby forces. For example, Lira et al. (2022) found
global markets can drive local land-use changes by increasing demand
(Lira et al., 2022). As market dynamics are external and geographically
distant from the system of focus, this study was marked as not obeying
TFL. The system boundaries were not always clear, so, throughout this
study, we consider anything external, but not adjacent, to the system
as distant, and internal or adjacent as nearby. Additionally, review arti-
cles and articles without clear quantitative or qualitative findings were
excluded at this step.

2.4. Screening topics

We separated our results into seven topics and synthesized the ma-
jor themes present in each topic to compare how MCF and TFL are ap-
plied across sustainability studies. To obtain our initial topic results, we
determined the relevant search terms for each topic and conducted an-
other WoS search by using AND operator to combine two lines of search
terms. The first line included search terms for each approach (MCF or
TFL), and the second line included new search terms, specific to each
topic (Table 1). This essentially filtered our initial search results from
each approach, and each topic search provided articles which were as-
sociated with both the major approach and a certain topic, resulting in
14 individual topic searches.

We then imported the topic search results into R, and joined them
by DOI to the previously screened approach datasets to screen each of
the topic results. This ensured each entry of each topic was relevant.
Multiple topics could be assigned to one article, thus, when referring to
the pool of literature with the topics assigned, we henceforth refer to
each article as an “entry”. For example, one article could be assigned to
both the agricultural development and land change topics, so this single
article would be counted as one entry in agricultural development and
one entry in land change.
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Percentage of Topic Entries for MCF & TFL

Geography and Sustainability 4 (2023) 6-18

MCF THL
Ao Bevd -24 |1
Trade - -1 1

Q
Q.
S
E
g
(2]
=]
%)

Sp Migr. q

Tourism 4 I3 I4

0 20 40 60 0 20 40 60

Percentage of Entries

Fig. 2. The percentage of relevant non-review MCF and TFL entries by topic.

2.5. Synthesizing topics

After we had our screened topic results, we synthesized MCF and TFL
approaches by manually identifying the most relevant articles from each
topic and describing the common themes among them (Fig. 1). This step
contained a final round of screening, where we examined if each article
was a review, a duplicate, better fit to another topic, or irrelevant to our
sustainability topics.

3. Results
3.1. Screening results

Our initial literature search yielded a total of 364 articles, 76%
(275/364) of which were MCF-related studies and 24% (89/364) were
TFL-related. Before we evaluated the final pool of literature across sus-
tainability topics, we sequentially removed irrelevant articles and arti-
cles that were reviews (Fig. 1). In our initial screening, we removed 4
TFL articles and 27 MCF articles, yielding a total of 248 articles relevant
to MCF and a total of 85 articles relevant to TFL. Of the irrelevant and
excluded TFL articles, 3 articles mentioned TFL in the abstract but only
in passing and 1 article mentioned TFL but was not relevant. The bulk of
the irrelevant MCF articles came from similar terminology in light and
chemical physics, with 3 articles from material science, 15 from phys-
ical chemistry, 3 from particle physics, 5 from spectroscopy, 2 which
were duplicates, and 1 article was also identified as using metacoupling
terminology (i.e., agents, flows, causes, etc.) but not being relevant to
sustainability. During the next screening phase, we excluded 3 TFL re-
view articles and 3 articles that were relevant but did not have any main
qualitative or quantitative findings. In this phase, we excluded 35 more
MCEF articles: 33 review articles and 2 articles that mentioned MCF but
were not related enough to include in our final synthesis. After this,
there were 213 unique MCF articles and 79 unique TFL articles that
were then assigned topics.

3.2. Sustainability topics under TFL and MCF

After we assigned the topics to each article, there were 342 MCF topic
entries, and 85 TFL topic entries. Fig. 2 shows the percentages of entries
in each major approach associated with each topic. Land Change (90

10

entries, 26%), Agricultural Development (81, 24%), and Conservation
(69, 20%) had the most entries for MCF, while Miscellaneous (47, 68%),
Land Change (14, 20%) and Tourism (3, 4%) had the most entries in TFL
literature. Both MCF and TFL literature contain more entries published
in recent years (2017-2021), with 2020 containing both the most TFL
entries (13) and MCF entries (70). MCF has more entries overall and
more recently published entries, as the year with the second highest
entries published is 2021 (65), while the second highest year for TFL is
2017 (9).

Most entries located by the TFL search did not fall into a certain sus-
tainability topic. Our MCF search had few entries that did not fit into a
certain topic (6 entries, 2% of total MCF entries), which suggests MCF is
a promising framework to approach sustainability issues. The miscella-
neous TFL articles which presented new spatial analysis methods could
be indirectly relevant to addressing sustainability issues by improving
current techniques. However, these techniques may miss some impor-
tant connections if they are solely based on TFL.

3.3. Applications of MCF and TFL across sustainability topics

Fig. 3 shows how the relevant entries obeyed or did not obey TFL.
Sustainability entries found in MCF literature chiefly did not or likely did
not obey TFL (211/346, 61%), while entries found in the TFL literature
chiefly did or likely did obey TFL (59/69, 86%) (Fig. 3(b)). Specifically,
in metacoupling literature, 84 entries did not obey TFL (25%), 127 en-
tries likely did not obey TFL (37%), 15 entries did obey TFL (4%), 32
entries likely did obey TFL (9%), 15 entries included regions which did
obey TFL and regions which did not obey TFL (4%), and there were
69 entries which were not clear if they did or did not obey TFL (20%)
(Fig. 3(b)).

Within the TFL literature, 6 entries did not obey TFL (9%), 4 entries
likely did not obey TFL (6%), 19 entries likely did obey TFL (28%),
40 entries did obey TFL (58%) and there were no entries which were
unclear or included areas which did and did not obey TFL (Fig. 3(b)).

Studies across sustainability topics often did not obey TFL (Fig. 3(a)).
Studies centered on trade, species migration, and conservation had the
highest percentage of articles which did not obey TFL when considering
both pools of literature and MCF separately. Other than miscellaneous
entries, articles in the tourism topic did or likely did obey TFL were
more frequent in both MCF and TFL literature.
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3.4. Sustainability topic synthesis

The MCF and TFL are both influential to the subjects of geogra-
phy and sustainability, but in different ways. In this study, we focused
on land change, tourism, agricultural development, governance, species
migration, conservation, and trade, with an additional topic, miscella-
neous, for any articles relevant to MCF, TFL, or sustainability, but which
did not fit these topics.

In general, MCF tended to focus on describing the drivers of change
(e.g., land change, tourism, agricultural development) or discussed new
perspectives on problems (e.g., governance), whereas TFL focused on
quantifying changes in land change, tourism, and agricultural develop-
ment and building on existing models in governance. Compared to TFL,

11

MCF studies focused on more geographically expansive areas, often at
the global scale (Chung et al., 2020) or by including international influ-
ences (Chung et al., 2018b; Liu et al., 2015a; Yao et al., 2020). We also
found many TFL articles which did not fit within our topics, which could
mean TFL studies are wide-ranging. But, this could also simply suggest
MCF articles more often explicitly use metacoupling vocabulary, where
a study could be based on or obey TFL but not explicitly state this in the
title/abstract.

3.4.1. Agricultural development

We define agricultural development as any study which focuses on
agriculture or food. TFL is not commonly cited as a factor in agricul-
tural development, perhaps because these studies have often focused on
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either the distant forces driving development or the global impacts of
local changes. The 1 entry (1%) we found summarized the impact of
von Thiinen’s work on land change and suggests an amendment to TFL
which states that near things are more related than distant things as a
consequence of accessibility (Walker, 2022).

MCF has played an increasingly important role in describing how
distant demand can impact local agricultural systems (Tao et al., 2020),
how changes within and across adjacent systems can be measured
(da Silva et al., 2017), and how the changes within a local agricultural
system can impact other distant systems (Martinez-Valderrama et al.,
2021). MCF studies tended to focus on the agricultural development of
a certain focal region per study, and how that area impacted other re-
gions or systems. MCF results also focused on the multi-scale distant and
interregional forces influencing agriculture in Africa (Burra et al., 2021;
Hauer and Nielsen, 2020), California (Marston and Konar, 2017), and
Israel (Fridman and Kissinger, 2019). Another common theme between
MCEF results in this topic was the focus on locusts and their connection
to local livestock and global commodity markets (Cease et al., 2015;
Gall et al., 2019; Wyckhuys et al., 2018).

3.4.2. Species migration

Among the 12 identified articles on species migration, none is re-
lated to TFL, but all to MCF. This is mainly due to the fact that species
migration usually takes place across large transboundary regions and
over a long distance. For instance, millions of animals take long-distance
migration around the world, and some travel more than 50,000 miles
(Hulina et al., 2017). Since biodiversity can help maintain and deliver
important ecosystem services, migratory species therefore play a criti-
cal role in providing ecosystem goods and services (e.g., pest control,
recreational and cultural services) across regions (Lopez-Hoffman et al.,
2017a; Schroter et al., 2018). For example, birds migrating between
Germany and Africa provide pest control to German agricultural areas
(Kleemann et al., 2020). Moreover, migratory monarch butterflies are
subsidized by overwintering habitat in Mexico, while providing tremen-
dous cultural benefits to the U.S. and Canada.

Apparently, TFL is not suitable for approaching this topic, while con-
ceptualizing species migration as metacouplings can essentially help in-
vestigate how the migration connects and impacts the sending, receiv-
ing, and spillover systems across distances (Hulina et al., 2017; Liu et al.,
2014). Inspired by the metacoupling framework, the spatial subsidy ap-
proach was proposed to specifically measure the degree to which the
provision of benefits by a species in one location is subsidized by ecolog-
ical conditions and processes supporting the species in other locations
(Lopez-Hoffman et al., 2017b).

3.4.3. Conservation

Conservation studies in this review generally include research on
preventing the loss of Earth’s biological diversity and protection of nat-
ural resources. There are two conservation entries related to TFL, one of
which used distance decay to develop a spectral distance proxy to char-
acterize ecosystem beta-diversity (Rocchini, 2007) and the other found
proximity to national parks can help halt land use change (Olaniyi et al.,
2020). Among the 89 conservation entries, 30 specifically adopted MCF
and covered a variety of themes. For example, research found that
migratory species conservation needs to take inclusive and global ap-
proaches and implement efforts in multiple metacoupled systems (such
as breeding, wintering, and stopover sites) (Hulina et al., 2017; Lopez-
Hoffman et al., 2017b). In addition, distant consumptions through in-
ternational trade were revealed to cause unexpected habitat losses
(Green et al., 2019; Lenzen et al., 2012) and generate negative impact
on sustainable fisheries (Carlson et al., 2020, 2019). To tackle biodiver-
sity loss and ecosystem degradations, both international and domestic
conservation measures have been taken, such as international conserva-
tion financing (Qin et al., 2022) and area-based conservation (e.g., na-
ture reserve and national parks; Liu et al., 2015a). Although with good
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intentions, some place-based conservation efforts could generate neg-
ative spillover effects and compromise sustainability in distant places
(Liu, 2014).

3.4.4. Governance

Our governance topic includes studies on water, land, and indige-
nous rights, among other legal frameworks. Here, we found 2 TFL gov-
ernance entries (3%) and 38 MCF entries (11%). TFL entries typically
addressed governance issues, such as mismatches in spatial boundaries
(Agyemang et al., 2017), by developing or building models. Gover-
nance in MCF entries ranged from defining new governance issues to
addressing governance problems conceptually and quantitatively across
a wide range of subjects and scales. While MCF results tend to be more
broadly applicable (e.g., defining what governance means in MCF sys-
tems (Newig et al., 2019)), there are also entries which address spe-
cific local governance issues (e.g., using remote sensing to define eco-
certification impacts; da Silva et al., 2019). MCF entries differed from
TFL here in that they explored ideas and applied MCF to more emerg-
ing fields, such as environmental justice (Boillat et al., 2020). Similar
among both approaches is the use of their core conceptual frameworks
to develop new methods and concepts.

3.4.5. Land change

Land change science is an interdisciplinary field which synthesizes
land-cover land-use changes and their causes to address questions of
global environmental change and sustainability (Turner et al., 2007).
Land change entries were are the second-most common in TFL (14, 20%)
and the most common in MCF (90, 26%) results. We found TFL en-
tries chiefly developed new remote sensing indices (Chen et al., 2016;
Olaniyi et al., 2020) or machine learning methods (Cui et al., 2021) to
quantify the extent of land change. MCF entries included the interna-
tional soybean trade and indirect land-use change across scales. Sev-
eral MCF articles found distant countries’ demand for soybeans drives
production and agricultural expansion in other countries (Green et al.,
2019; Schaffer-Smith et al., 2018) and that pericoupled (i.e., adjacent)
systems are also impacted when distant forces drive change (da Silva
et al., 2021; Dou et al., 2018). Soybean trade was much larger among
distant countr