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ABSTRACT ARTICLE HISTORY
Land system science and affiliated research linked to sustainability require Received 27 March 2020
improved understanding and theorization of land and its change as Accepted 14 August 2020
a social-ecological system (SES). The absence of a general land-use theory, KEYWORDS

anchored in the social subsystem but with explicit links to the environ- Land-use/cover change; land
mental subsystem, hampers this effort. Drawing on land-use explanations, systems; social-ecological
meta-analyses, and associated frameworks, we advance a broad frame- systems; middle range
work structure of eight elements — aggregations of explanatory variables — theory; explanatory chains
with links to the biophysical subsystem, for systematic comparisons of

extant explanations. Tests and models can be employed to identify which

set of variables and their configurations provide robust explanations of

across land uses, identifying the potential for theory development. The

framework and its application are applicable to both top-down and

bottom-up explanatory approaches employed in the social sciences.

Links to the environmental subsystem invite future exploration of SES

explanations that reach across the different dimensions of global change

and sustainability science.

Search for theory for land system science

Changes in the terrestrial surface of the Earth characterize the history of humankind (McNeill &
Engelke, 2016; UNEP [United Nations Environment Programme], 2019). Today, the Earth’s landscapes
have been largely transformed (Ellis, 2011), restructuring ecosystems and their services in the process
of supporting a population approaching eight billion at the highest average level of material
consumption in human history. The aggregation of these changes creates environmental impacts
that challenge the fundamental structure and function of the earth system (Arbault et al., 2014;
Steffen et al.,, 2011), with cascading effects on biodiversity, biogeochemical cycling, and climate
change (De Chazal et al., 2009; IPBES [Intergovernmental Science-Policy Platform on Biodiversity ad
Ecosystem Services], 2019; IPCC [Intergovernmental Panel on Climate Change], 2018). For example,
agriculture currently contributes up to 29% of anthropogenic greenhouse gases emissions
(Vermeulen et al, 2012), and land-use changes at large are responsible for massive losses in
biodiversity and environmental (ecosystem) services (IPBES [Intergovernmental Science-Policy
Platform on Biodiversity ad Ecosystem Services], 2019; Dirzo et al., 2014).
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The history of these changes has long been recognized and analyzed (Marsh, 1864; Turner et al.,
1990). In the Anthropocene, however, the sheer scope of changes in the Earth system has spawned
attention to questions of the sustainability of land systems, emphasizing integrated social-ecological
systems (SESs) approaches for understanding the changes and informing solutions (Matson et al.,
2016; Steffen et al.,, 2018)." New human-environmental research fields, such as resilience (Biggs et al.,
2015), sustainable landscapes (Wu, 2013) and land systems (Verburg et al., 2013), have emerged from
those that historically focused on either the environmental or social subsystems. Among these
research fields, land system science seeks to improve the observation, monitoring, understanding,
modelling, and sustainability of land systems and their change (Verburg et al., 2013; Robinson et al.,
2018; Turner et al., 2007; Verburg et al., 2015). Complete assessments of these systems would include
“... all processes and activities related to the human use of land, including socioeconomic, techno-
logical and organizational investments and arrangements, as well as the benefits gained from land
and the unintended social and ecological outcomes of societal activities’ (Verburg et al., 2015, pp.
29-30). Defined in this way, land systems and their dynamics represent SESs as phenomena to
understand and explain, pointing to the need for theory (Groeneveld et al,, 2017).

A theory of land systems would explain the elements and processes generating land uses and
land covers in terms of interactive social and environmental subsystems (Rounsevell et al., 2012).
Theories of land systems (i.e., as an SES) remain elusive (Zhou et al., 2019), however, as are those for
SESs or human-environmental relationships in general (Roy Chowdhury & Turner, 2019).3 This
situation exists despite the conceptual recognition of environmental (or ecosystem) services as a bi-
directional link between the two subsystems (Angelstam, et al., 2019; Bennett et al., 2015; Mace et al.,
2012) and the call for integrating environmental feedbacks in land-use theory and models (Lambin &
Meyfroidt, 2010; Pongratz et al., 2018). The development of multiple integrated assessment and
agent-based models addressing elements operating in either subsystem (Filatova et al., 2013;
Verburg et al., 2019) and various frameworks coupling the two subsystems (Aspinall & Staiano,
2017; Barry & Roux, 2012; Biirgi et al., 2005; Hersperger et al., 2010; Vadjunec et al., 2018) have yet to
yield the development of a land system theory.

For the most part, theories, hypotheses, and explanations addressing land dynamics do not fully
integrate both the social and environmental dimensions of the SES. Rather, they tend to focus on the
structure, processes, and outcomes in one subsystem in much more detail than the other, but do not
formalize or fully address the interactions between the two subsystems. As reviewed by Roy
Chowdhury and Turner (2019), those focused on the environmental subsystem, for example, tend
to treat human activities (e.g., land use) as disturbances to ecosystem functioning or services, with
minimal consideration of the interactions within the social subsystem (Wu & Hobbs, 2002). Resilience
approaches, emanating from ecosystems research and applied to land-use dynamics (Meerow et al.,
2016) call for SES integration but largely focus on the role of redundancy, non-linear relationships,
and adaptation in terms of general systems attributes, rather than, for example, land-use and land-
cover outcomes. Unsurprisingly, social science approaches to land use tend to prioritize dimensions
of the social subsystem (e.g., Rounsevell et al., 2012), including attention to a range of behavioral,
structural, and actor-network theories (Dwiartama & Rosin, 2014). Only one or a few environmental
factors tend to influence land-use, such as soil quality, or are affected by those uses, such as carbon
emissions, biodiversity loss, or soil erosion.* For the most part, however, interactions within the
environmental subsystem are underemphasized (Roy Chowdhury & Turner, 2019).

For these reasons, the land system science community argues that coupling theories derived from
each subsystem remains the most fruitful integrative approach at this time (Filatova et al., 2013;
Vadjunec et al., 2018), one that is consistent with SES models on human health and the environment
(Galvani et al.,, 2016) and on the climate, energy-water-land nexus (Kraucunas et al., 2015). In this
context, models are particularly useful as focused and purposive instantiations of theory for
a particular set of phenomena. Furthermore, quantitative models, as a methodological approach
shared between the environmental sciences and land systems science, may offer common ground
for scaling up to integrative theory of land as SESs.
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Advancing land-use theory

A major impediment to the development of land system theory (i.e., fully SES in kind) is the absence
of a general theory or systematic sets of theories of land uses that capture the variables and their
dynamics largely within the social subsystem. Various explanations abound that focus on specific
facets of land use, such as the intensity of cultivation, the loss or gain in forests, or the spatial
arrangement of different uses linked to, for example, economic rent, population pressures, or tenure
rules that clarify rights of ownership, use and/or access to land and resources. Several reviews
typologize some portion of these explanations, for example, economic and middle range theories
(Irwin & Geoghegan 2001; Meyfroidt et al., 2018), but do not attempt to extract a general theory or
systematic sets of theories of land uses.®

In the following, we present a framework to assist in the search of a general theory or sets of
theories of land use. Focused on the social subsystem, such theory should provide a link to the
environmental subsystem, but need not attend, at this stage of consideration, to the full SES
integration implied for land-system theory (above). Ostrom (2009, 2011) distinguished
a framework from a theory, a distinction we also follow here. A framework identifies the elements
and general relationships among those elements to be considered in the development of a theory or
theories of land uses. Theory, on the other hand, specifies which elements and their interactions
explain the existence of a land use or attribute of that use (e.g., use intensity) - it addresses the ‘why’
question. The elements in our framework constitute aggregations of explanatory variables and their
broad linkages drawn from extant land-use theories, hypotheses, and explanations (henceforth these
three categories are labeled explanations unless specificity is required).” We propose an investiga-
tion of the elements to determine which, if any, are statistically robust across a range of explanatory
framings applied to land uses and their attributes. This exercise, in turn, should provide insights
about potential theory and the generation of linked models and hypotheses.

Land-use frameworks

Numerous models of land use notwithstanding, general theories and generic, conceptual frame-
works addressing land use are not abundant. Platt (2014) provided a broad tripartite framing of the
environmental and land-use sectors and the legal-political actors influenced by their social context.
Raynor et al. (1994) created a land-use and land-cover wiring diagram recognizing eight modules of
elements and their interactions, arrayed from local to global in operation. Five of these modules
identified elements largely embedded within the social subsystems (e.g., consumption-production
to population) and three within the environmental subsystem (e.g., soil and water to carbon cycle).
Recently, Aspinall and Staiano (2017) produced a general model framing of land systems as a guide
for understanding its SES dimensions, situating how different types of research fit within land system
science.

None of these frameworks was developed with the aim of searching for land-use theory per se nor
explicitly based on a survey of land-use explanations, although their components and linkages are
consistent with a large range of explanations. Given these efforts and the understanding of land use
in general, the elements and interactions presented in our framework are not new. Indeed, they exist
in different configurations with different specificities in the three frameworks noted above, and in
various assessments of specific types of land change or broad-stroke characterizations of them
(Angelsen & Kaimowitz, 1999; Geist & Lambin, 2002; Turner et al., 1994). The architecture of our
framework differs from the three noted by its focus on land uses, rather than land systems at large
and on elements beyond the legal-political sector (Platt’s focus), and through a simplification of the
dimensions generating those uses. Its design is open to the array of variables employed in land-use
explanations and to the exploration of different arrangements of them.

Our combined experiences examining explanatory narratives (case studies), theories, meta-
analyses, and models of land use informed the development of our framework. Meyfroidt et al.
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(2018) provide an extensive review of theories addressing land-use extent, intensification, spillovers,
and transitions, which we do not reiterate here.® Example explanations, however, include induced
agricultural intensification and innovation (Muyanga & Jayne, 2014; Turner & Ali, 1996), forest
transitions (Barbier et al., 2010; Meyfroidt & Lambin, 2011; Rudel et al., 2009), land rents and land-
use zones around cities and protected areas (Brun et al., 2015; Chakir & Lungarska, 2017); urban
expansion (Poelmans & Van Rompaey, 2010; Seto et al.,, 2011); telecoupling and land grabbing
(Franco, 2012; Rulli et al., 2013); and spatial polarization and reorganization of land use (Kuemmerle
et al., 2015; Stirck et al., 2018). We also considered explanations that have been under-emphasized
in land system science, such as those addressing the social and political embeddedness of markets or
variations in actors’ decision-making (Munroe et al., 2014; Turner & Robbins, 2008). The meta-
analyses examined included those addressing the intensification of cultivation (Keys & McConnell,
2005), tropical deforestation (Angelsen & Kaimowitz, 1999; Geist & Lambin, 2002), mangrove degra-
dation (Roy Chowdhury et al., 2017), dryland degradation (Geist & Lambin, 2004), shifting cultivation
(Heinimann et al., 2017; Van Vliet et al.,, 2015), and drivers and impacts of land-use change at large
(Van Vliet et al., 2016). Finally, recognizing elements of the biophysical world, we drew on various
models focused on ecological consequences of land use (Lawler et al., 2014; NRC [National Research
Council], 2014).

From these works, we traced the explanatory variables of land uses (e.g., urban residential or
agriculture) or their attributes (e.g., intensity of cultivation), the aggregation of which constitute the
elements of the framework. For example, induced intensification theory addresses the intensity of
cultivation and its change. The original theory (Boserup, 1965) identified population pressures (i.e.,
increase in the ratio of population of the farming units per area cultivated) as the major cause of the
demand for subsistence production and the level of labor and technology employed to enhance
land productivity (i.e., yield and output per unit area and time) to fulfill that demand. Subsequently,
the theory was expanded to account for the ambient conditions of the environment (Turner & Ali,
1996) generating land pressures in tandem with population as well as links to how land-labor
dynamics affect technological development (Binswanger & Pingali, 1984; Ruttan & Hayami, 1984).
We followed the specified causal and other independent variables to land use across a large range of
explanations to identify those consistently employed in the explanation, clustering them into the
elements in our framework.

Proposed framework

As noted, land-use explanations employ different initial causes entertained in various explanatory
structures operating in exogenous or endogenous relationships (Lambin & Meyfroidt, 2010), or some
combination thereof (Le Polain de Waroux et al., 2018). The elements in our framework (Figure 1)
constitute the aggregation of virtually all of the variables found in land system explanations, be they
initial or mediating in kind. The arrows connecting the elements constitute the explicated relation-
ships among the variables that have been or can be tested.

Many initial causal variables in land-use explanations explicitly identify or infer an influence on
demand (e.g., Angelsen & Kaimowitz, 1999) - land users’ desire for land owing to its location (e.g.,
convenience for urban expansion), environmental conditions (e.g., soil fertility), or its inherent
resources and products (e.g., minerals, timber).° Through a series of variables, demand operates
on land use or the purpose for which the land is employed, be it housing, commercial cultivation, or
conservation grasslands, or the attributes of a type of use, such as the intensity of cultivation or
grazing.

Historically, many land-use explanations focused on land users (e.g., individuals, households,
managers, corporations, states) as independent actors, guided by behaviors associated with market,
command, and subsistence economies (Huber et al., 2018; Meyfroidt, 2013) or some variation thereof
(e.g., mixed market-subsistence economies) (Schipmann & Qaim, 2010; Roy Chowdhury, 2010; Roy
Chowdhury & Turner, 2006), captured in the element of actors’ attributes. Subsequently, however,
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Figure 1. Framework Elements and their Relationships (explanation in text).

explanations have accounted for the opportunities and constraints on behaviors by the socio- or
politico-economic structures in which actors exist, such as imperfect markets or ‘hollow frontiers’
(Barbier, 2012; Busch & Vance, 2011; Harrison, 2017), and by the variations among actors based on
capital assets, gender, social capital, or norms and values (De Krom, 2017).

Increasing attention has also been given to ‘telecouplings’ and ‘spillovers’ including ‘leakages’
(Meyfroidt et al., 2020). Telecouplings constitute distal drivers on land use (Liu et al., 2016), such as
long-distance acquisition of land by foreign corporations or governments, referred to as land grabs
in much of the literature (e.g., Franco, 2012; Rulli et al., 2013). Such couplings could involve factors
within almost all of the elements. Leakages, in contrast, follow from land-use policies in a country or
region that generate new or expanded land uses elsewhere to recover the lost land-based produc-
tion (Lambin & Meyfroidt, 2010). More recently, and commonly linked to policy, illicit and clandestine
activities on land uses have drawn attention, such as tropical deforestation following narco-
trafficking and its land uses for money laundering (Munroe et al., 2014; Tellman et al., 2020).

Beyond the variations in explanations focused on decision-making, a major variable through
which economic structures account for land uses is the economic rent for land, be it agricultural
zonation relative to markets (Colantoni et al., 2017) or residential housing relative to the central
business district (Thrall, 2017). Transportation patterns and, in some explanations, environmental
factors influencing transportation, affect the zonation in question (Miranda et al., 2019). Likewise,
land quality has long been used to determine economic rent, or the advantage of one parcel of land
over another (Bowman et al., 2012).

Numerous land-use explanations involve institutions, in this case, the rules and norms that govern
social interaction applied to land systems, both formal and informal.'® These institutions commonly
address access to land (e.g., tenure) and hence its relative supply, its resources (e.g., timber), and the
various inputs required for the use at issue (e.g., irrigation water). Both formal de jure rules and
informal de facto community rules, social norms, and societal expectations are addressed. Examples
of the former are state laws concerning tenure and mineral rights. Those for the latter are rules or
claims on common property (Garrett et al., 2013; Kronenburg Garcia & van Dijk, 2020; Osabuohien,
2014), gender distinctions applied to input access (Radel et al., 2012), or expectations about loaning
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or renting land to extended family members (Laney & Turner, 2015). The absence of rules and/or
attempts to circumnavigate rules through clandestine activities or during times of violent conflict
also fall within the institution element (e.g., Baumann & Kuemmerle, 2016; Chiodelli & Moroni, 2015;
Sesnie et al,, 2017), although land-use theory and models have been slow to incorporate explana-
tions of such processes (Tellman et al., 2020). In addition, less attention has been given to complex
and cascading factors changing land uses, such as international organizations demanding changes
in landscape strategies (e.g., landscape burning) to halt desertification in parts of western Africa
(Archibald, 2016).

Importantly, institutions and economic structure are intertwined, with broad associations existing
between them, such that a shift or change in one may affect the other, with various consequences.
For example, usufruct land tenure commonly shifts to private property with liberalization of econo-
mies and market penetration, varying by place-specific social conditions (Farley et al., 2012), whereas
the changes in land tenure may facilitate land uses to adjust to markets (Holden & Otsuka, 2014).
Policy changes, in some cases conflicting with one another, affect land-use decisions and the
intensity of cultivation (Dobler-Morales et al., 2019). In addition, changes in the socioeconomic
elements may feed back on demand by changing the sources creating it, as in cases where improved
market performance move land managers to devote more production to commercial cropping or to
resist that production (Laney & Turner, 2015).

Actors’ attributes — the characteristics of the immediate or proximate decision-making unit (e.g.,
individual farmer, urban developer, company) shaping land-use behavior — are central to almost all
land-use explanations, often embedded within or reduced to economic structure. These attributes
are more complex, however, involving shared values, beliefs and norms, commonly registered
through the concept of culture (Holloway, 2002; Stern, 2000; Stern et al., 1995), and individual or
household characteristics encompassing, for example, economic status, gender, educational levels,
social capital, power dynamics, and controlling institutions (Brannstrom & Vadjunec, 2014; Holtan
et al,, 2015). In many cases, an actor’s decision is influenced by interactions with other actors, as in
the case of land uses under collective usufruct, or other formal or informal associations of land users
(Turner & Stiller, 2020; Wentz et al., 2016). The distinctions among these attributes tend to influence
access to land and the inputs for land use, affecting the relative supply of land among different land
users. Individual, community, and cultural attitudes and values also influence land-use decisions,
including the perception of what land is used and how. Taken as a whole, actors’ attributes may
culminate in community visions of ‘a way of life’ or culture that influences land use (Alesina &
Giuliano, 2015; Laney & Turner, 2015; Meyfroidt, 2013).""

Actors not only respond to the other social elements in our framework but also change them in
some cases (Raymond & Robinson, 2013). Community actors may alter informal institutions, com-
monly through interactions with economic structure or demographic conditions, as in the case of
adjustments in grazing practices and/or (re)allocations of grazing rights on grassland commons
owing to the loss or gain of critical resources (Meyfroidt et al., 2016). The experimentation of a few
farmers pioneering new, risky land uses may subsequently flip the entire community to the new
practices (Junquera & Grét-Regamey, 2019). Or, actors may expand an existing land use where
intensification would be more profitable (Piquer-Rodriguez et al., 2018).

Ranging from urban settlements to frontier settings, the impacts of demographic conditions -
defined here as number, density, and movement of people — on land uses have a long research
history (Bren d’Amour et al., 2017). Population pressures, for example, constitute the initial causal
variable for the intensity of cultivation within subsistence and mixed subsistence-market economies
(Boserup, 1965). Changes in population-land ratios increase or decrease the pressures to produce
more or less from land. These changes, in turn, affect the amount of capital and labor invested in
cultivation (i.e., cropping intensity), and in some cases, influence the shift from subsistence to market
cultivation (Headey et al., 2014; Muyanga & Jayne, 2014), changing actors’ attributes with feedbacks
affecting household size as well as migration. In turn, changing population pressures may require
shifts in the rules of access to land or resources for production (Boserup et al., 2013), whereas extant
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institutions may deny sufficient land access, triggering migration (Herrero et al., 2014; Turner & Alj,
1996). These pressures, in turn, depend on land supply (absolute availability and relative access),
which is also affected by environmental conditions and techno-managerial strategies (below) to
manipulate those conditions (Holden & Otsuka, 2014). Declines in population by emigration or loss of
labor owing to seasonal or temporary migration can reduce land pressures, with consequences for
local governance and techno-managerial strategies that, respectively, may prove inappropriate to
continue or cannot be maintained (Kuemmerle et al., 2016; Schmook & Radel, 2008; Tarolli et al.,
2014). International and national policies also affect local land pressures by shifting access to land or
production from subsistence to commercial cultivation (Jayne et al., 2014; Osabuohien, 2014). In such
cases, the rules governing land use or inputs for that use may generate land conflicts (Lambin &
Meyfroidt, 2010). For example, state restrictions on the use of marginal land in order to increase
forestation in China have generated controversy among farmers (Wang & Maclaren, 2012).

Demographic conditions also affect technological development for agriculture. The supplies of
land and labor interact to determine the focus on investments for production (Binswanger & Pingali,
1984). Land or labor scarcity induces technological innovation and change that saves land or labor,
respectively, demonstrated largely through state and commercial investments at the country level
(Ruttan & Hayami, 1984). The induced intensification thesis applied to smallholder subsistence
cultivation, however, indicates that land scarcities drive the use of technologies and strategies to
enhance land productivity, consistent with the innovation thesis.

The remaining four elements - previous land uses, techno-managerial strategies and infrastructure,
environmental services, and environmental conditions and dynamics - cascade from the intersection of
the social and biophysical subsystems to the biophysical alone (Figure 1). Given their role in
determining the supply of land and, in many cases, the strategies of land uses, exploration of
these elements is pivotal for land-use theory, our aim here, and the future development of land
systems theory.

The eight interrelated elements link demand to land use: structure of the economy, institutions,
actors’ attributes, demographic conditions, techno-managerial strategies and infrastructure, environ-
mental services, environmental conditions and dynamics, and previous land uses. The dashed boxes
refer to the social and environmental subset of elements. Techno-managerial strategies and infra-
structure, and previous land uses reside between the two subsets. The specific variables employed in
land-use explanations are grouped here as eight framework elements, arrayed according to their
position within or between the social and biophysical subsystems.'? Recall that these elements are
consistent with those found in other frameworks, although the level of variable aggregations among
the frameworks leads to different numbers of elements, including attention to the biophysical link of
land use. Focusing on the social subsystem, these elements are structure of the economy, institutions,
actors’ attributes and demographic conditions. The structure of the economy is the context in which
economic and related decisions are made.

Techno-managerial strategies and infrastructure that include various technological inputs, man-
agement methods, and permanent landscape alterations manipulate land for use. Using agriculture
as an example, hybrid crops, organic cultivation, and wetland drainage capture the terms ‘techno’,
managerial, and infrastructure, respectively. These strategies and infrastructure are human innova-
tions, but the base environment shapes which types of strategies and infrastructures are suitable for
specific land uses. As such, the element resides at the interaction of the social and biophysical
subsystems.

Techno-managerial strategies and infrastructure are endogenous in some explanations, either
through on-farm innovations or borrowed from other land systems (Jayne et al., 2014). They may
be exogenous if introduced into land systems from afar. For example, the global diffusion of hybrid
or genetically modified crops has changed managerial requirements that, in turn, influence the
environment and its services, generating legacy effects for future use (Biirgi et al., 2017). Green
revolution crops in the developing world increased food significantly but raised the capital



496 (&) B.L. TURNERETAL.

investments required for farming, with strongly negative consequences for marginal smallholders
and long-term environmental impacts (Dawson et al., 2016; Pingali, 2012).

The ambient biophysical setting - from soil qualities to ecological communities to climate - and
its functioning constitute environmental conditions and dynamics. A multitude of associations has
long been made between this element and land use, generally at the aggregate level (e.g., ecosys-
tem, landscape, climate). As well, integrated assessment models and agent-based models of land use
commonly incorporate some facet of this element (Rosenzweig et al., 2014; USGCRP [U.S. Global
Change Research Program], 2018). Some explanations, however, firmly address land use-climate
interactions, such as that between urbanization and precipitation in southern Florida (Pielke, 2005),
climatic zones and land uses (Piquer-Rodriguez et al., 2018), and urban to regional heat island effects
from built-up impervious surfaces (Peng et al.,, 2012). The dynamics of the ambient environment,
such as global climate changes, generates regional differences in the ‘fertilization effect’ from
increasing levels of atmospheric CO,, changes in extreme weather events such as droughts or severe
storms, and the length of growing seasons (Rosenzweig et al., 2014). These and other impacts are
expected to increasingly alter the conditions for many land uses.

It is noteworthy that some land-use explanations have explicitly accounted for broadly defined
conditions of the environment, such as Ricardian theory accounting for the impacts of land quality
(e.g., suitability for agriculture) on economic rent, which have been adapted to include future climate
change impacts (Severen et al., 2018). Variations in the theory of the isolated state account for
transportation impacts, which in turn can be affected by environmental conditions, such as the role
of major waterways disrupting the zonation of land-uses surrounding cities.

These notable examples notwithstanding, land-use explanations underplay the role of the
environment, largely reducing the environment to a few factors that affect land use, and none
truly engages the social and biophysical subsystems interactively. Assuming that attention to these
interactions will improve land-use explanations as they do in modeling assessment (Goldstein et al.,
2012), and given the larger goal of developing land systems theory, environmental (or ecosystem)
services is also added as an element that connects environmental conditions and dynamics to land
uses.

These services constitute the material and nonmaterial benefits that the environment provides to
land users (Larigauderie et al., 2012), such as food and fiber provisioning, or pollination, soil fertility,
climate and hydrological regulation, including drainage (Bateman et al., 2013; Raudsepp-Hearne
et al,, 2010), whereas disservices are the negative externalities or loss of services (Zhang et al.,
2007)."® Environmental conditions and dynamics and techno-managerial strategies and infrastructure
determine the supply of these services and disservices, affecting the supply of land for particular
uses. Accounting for environmental services and their change provides various insights into land
uses that might otherwise be missed, such as the cost to maintain or increase a service (e.g.,
purchasing itinerant pollinators), which may limit land-use options. Foremost, environmental ser-
vices offer an important bridge to the biophysical subsystem for future development beyond land-
use theory to land systems (or SES) theory (Angelsen, 2007).

Finally, current and future land uses can be strongly shaped by the environmental services
rendered by former uses, typically linked to the accumulation of past techno-managerial strategies
and infrastructure (Perring et al., 2016). This shaping by previous land uses (our element label) may
create legacy effects affecting other elements (Munteanu et al., 2015)."* In some cases, previous land
uses create path-dependent outcomes or ‘lock ins’ by facilitating certain land uses and inhibiting
others (Birgi et al.,, 2017; Muller et al., 2014), in some cases generating co-evolved social structures-
land use lock ins (Gual & Norgaard, 2008). Legacy effects range from irrigation infrastructures
generating sunk (i.e.,, past and non-recoverable) costs that make their replacement by another
land use economically irrational (Balmann et al., 2006) to degraded or abandoned environments
proving too costly to rehabilitate or reactivate (Kuemmerle et al., 2015; Prishchepov et al., 2013) or
flipped into a new, unwanted state (Thompson et al,, 2016). Importantly, legacy effects can also
influence the social elements directly. For example, land-use policies may contribute to the
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immobility of production factors and impede structural change by favoring certain land uses, as in
the case of the production quota for milk in the European Union’s common agricultural policy, which
favored existing producers while posing barriers for new entrants (Grant, 2010).

In addition to these relationships, the social and environmental elements feed back on demand as
identified in the discussion above. Any combination of economic structure, institutions, actors’
attributes, and demographic conditions may affect the demand for land and its resources, as
exemplified by changes in economic conditions and institutions in Eastern Europe and Russia
(Meyfroidt et al., 2016). Land availability itself, especially land possessing certain environmental
conditions, may generate demand for its use. For example, tropical environments are required for oil
palm production, leading to more than 14 m ha of tropical lands worldwide to be taken to oil palm
plantations (Kongsager & Reenberg, 2020).

In sum, the demand for land provides a broad and necessary, but insufficient explanation of why
a certain land use emerges. It operates through and, in some cases, is generated by variables within
our eight elements (Figure 1). Together the variables in these elements specify why land use exists or
changes, with attention to who may use the land and the resources required for that use, the
decision-making fabric of the users, and the environmental conditions encountered. In addition, they
explain situations where the demand for land changes without changes in land-uses, for instance,
due to institutional barriers or actor motivations linked to their social attributes. The variables within
the elements explicate the supply of land and how land is used by illuminating the provisioning,
mobilization, and maintenance required for accessible services and output.

Use of the framework

The many variables found in land-use explanations and their configuration (linkages from demand to
land use) are not predetermined in our framework. Rather, the framework notes eight elements for
which selected variables should be examined through multiple explanatory pathways, perhaps
organized somewhat similarly to processes articulated for formulating, testing and consolidating
‘generalized knowledge claims’ (Magliocca et al.,, 2018). In the induced intensification case noted
above, for instance, demand related to population (demographic conditions) in subsistence econo-
mies (economic structure) create the intensity of cultivation (land-use attribute). Subsequent testing
of this explanation (induced intensification theory) enlarged the economic structure to mixed
subsistence-market conditions, registering various parts of actors’ attributes, and added general
environmental elements (i.e., environmental conditionsand their contributed environmental services).
Our framework indicates that in this broader context, existing institutions, available techno-
managerial strategies, and previous land uses should be added to the analysis. Different variables
within the elements and different configurations of the relationships can then be tested iteratively to
determine which provide robust explanations of cultivation intensity. Approaches similar to the
stepwise procedure identifying the variables and relationships used to address Ostrom’s SES frame-
work (Ostrom, 2009, 2011) constitute methods to be investigated (Schliter et al, 2014). This
exploration would be followed for different land-use explanations, ideally generating theory sets.
These sets in turn should provide clues about the derivation and usefulness of merging the sets for
increasingly general levels of land-use theory.

Collecting data in line with our framework is critical to its use for theory development. The most
systematic option would involve a research program in which a standardized set of causes and
explanatory chains (below) commensurate with the elements in question are examined anew across
a range of land uses and their attributes, akin to the extensive, systematic data collections on
common property regimes (Ostrom, 2010) and Ostrom’s SES framework. Such an option was
considered in the deliberations of the original, international science program on land use and land
cover (Aspinall & Staiano, 2017; Turner et al., 1994) but was never instituted. A less systematic option
would group the range of extant theories and explanations (e.g., by type of use or by context) and re-
examine them by adding the missing elements or specific variables within the elements. This effort
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would likely confront the problem of incomplete data in the original research collection, requiring
the use of proxies, interpolations, or data derived from different scales of analysis to engage our
framework. In this case, increases in the uncertainties of the results will require attention.

Assuming that the required data can be gathered, various statistical models can be used to
explore different formulations of elements or the variables comprising them, determining their
robustness for different land-use outcomes (Magliocca et al., 2018). These formulations may rear-
range the linkages presented in Figure 1, the ordering of the elements, or omit some elements and,
perhaps, add new ones. The exercise, even if it fails to achieve the theory(ies) in question, should
prove significant for land system science and affiliated research communities, establishing the
explanatory specificity at which land use may be cast and the potential fit of the social dimensions
with the environmental subsystem.

Addressing explanatory chains

The use of explanatory or causal chains, in which sets of cause-consequence relationships are linked
hierarchically or interact with one another, is common in land-use research. Both top-down and
bottom-up approaches are employed in the identification of causal chains and are applicable in our
framework assessment.

Top-down formulations are commonly associated with ‘grand theory’ that provide the over-
arching rationale from which cascading causal connections link to the land use. For instance, the
global political economy (a guiding grand narrative) creates regional inequities, which, through
various processes, foster land appropriations in frontier economies by powerful actors (e.g., compa-
nies) to produce commodities, and generate ‘telecouplings’ of otherwise spatially distant producing
and consuming lands (Friis & Nielsen, 2019). In this process, tropical deforestation occurs and
smallholders are displaced elsewhere, spurring additional deforestation for cultivation. Such struc-
tural approaches addressing various facets of land systems are common in political ecology
(Brannstrom & Vadjunec, 2014; Peet & Watts, 2004) but have not been examined with the aim of
advancing a comprehensive theory of land use.

Bottom-up approaches, especially as associated with abductive approaches, begin with a specific
land condition or change and explore plausible immediate or direct causes (Walters, 2017; Walters &
Vayda, 2009).'® Once the first-order explanation is established, the cause becomes the phenomenon
to be explained, and an exploration for its explanation is undertaken. For example, the loss of
a community-maintained mangrove forest results from the expansion of shrimp aquaculture. This
expansion followed from technological advances in the production process, state-support for infra-
structure development, increasing presence of international markets, and new international trade
agreements. In this approach, commonly used in land system science, related anthropological
studies, and some versions of political ecology, immediate land change is traced to an ever-
widening set of events and processes (Meyfroidt, 2016). The array of variables and relationships
found in such bottom-up approaches tend to be directed to specific cases and case studies, however,
and not to land-use theory per se.

Regardless of the approach employed, the search for an inclusive land-use theory requires: (1)
a clear delimitation of the land-use elements and processes that are covered by the explanation; (2)
a chain of causal relationships among the elements derived from any combination of the approaches
in question; and (3) a specification of the conditions and contextual factors under which the different
steps in the explanation are expected to operate.

Summary

Despite considerable advances in land system science and related research fields, an inclusive theory
of land use or sets of theories have not emerged. A major step toward their development involves
our ability to assess and compare systematically how configurations of explanatory variables affect
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different land-use explanations. We provide a framework, consisting of eight elements comprising
sets of explanatory variables, to structure such comparisons. A variety of approaches can be used to
explore the relative strength and significance of the explanatory variables across the range of land-
use explanations, searching for configurations of the variables within and across our elements that
provide robust explanations land-uses that can link to the biophysical subsystem. The exercise, even
if it fails to achieve the theories in question, should prove significant for land system science and
affiliated research communities, establishing the explanatory specificity at which land use may be
cast and the potential fit of the social dimensions with the environmental subsystem. Pursuit of the
exploration should also enhance LSS and its connections to global environmental change, resilience,
and sustainability research, perhaps providing insights concerning the development of SES theory at
large.

Notes

1. The social-ecological system or SES term originated in ecological-oriented research, especially that within
resilience studies (Folke, 2006). Ostrom (2009) developed a SES framework designed with resilience ques-
tions in mind, focused on actors and institutions, and their dynamics with the environment, especially
drawn upon in studies of common property regimes. Subsequently, the Ostrom framework has become
much more expansive in terms of the socio-economic considerations it entertains (McGinnis & Ostrom, 2014;
Partelow, 2018). Other parts of sustainability and human-environmental science reference SESs as social-
environmental systems because the biophysical dynamics in question range beyond that historically
examined in ecology (Eakin & Luers, 2006; Matson et al., 2016). In this usage, tightly linked social and
environmental subsystems constitute an SES in which various parts of either subsystem are addressed;
institutional dynamics or governance need not be considered. We use the term ‘social-ecological system’ and
‘environmental subsystem' here because they are common to the land system science literature, regardless
of references to Ostrom. It is noteworthy that a recent review of sustainability (Clark & Harley, 2020) drops
both SES terms and uses, instead, nature-society interactions, which along with human-environment
relationships, are terms long used in geographical and anthropological research.

2. The origins of land system science are linked to the former international program of Land-Use and Land-Cover
Change or LUCC (Turner et al., 2007), which morphed into the Global Land Programme (Verburg et al., 2013). In
the original LUCC lexicon, land use referenced the social subsystem and land cover, the ecological or environ-
mental subsystem. Subsequently, land cover inferred a link to the biophysical subsystem, and ecosystem
services as the link feeding back to the land use.

3. Several research fields have long-standing traditions examining human-environmental (or social-environmental,
nature-society) relationships (e.g., Barrows, 1923; Moran, 2016; Platt, 2004; Sauer, 1925; Turner, 2002). With the
exception of the geographical factor or environmental determinism, these fields and the various explanatory
perspectives crossing them maintain broad conceptual themes that underpin the relationships in question, but
do not constitute theory — general explanations of specific types or sets of phenomena within these relation-
ships. An initial theoretical foray advanced from the landscape morphology school of geography (Wagner 1960)
was abandoned, and contemporary cultural and political ecology and land system science have yet to achieve
human-environmental theory (Turner & Robbins, 2008).

4. Interestingly, even work focused on resilience, institutions and SESs, following Ostrom (2009), has been lacking
or has inadequate explicit attention to the environmental subsystem (Epstein et al., 2013; Vogt et al., 2015).

5. We recognize that sustainability science, to which land system science links in various ways, draws on SES
approaches but has a strong place-based dimension (Clark & Harley, 2020; Kates, 2001). Social and
environmental factors vary considerably across places and situations, suggesting that there are no panaceas
for sustainability problems. This recognition should not to be confused with the commonalties of phenom-
ena and processes involved in the problem, and the value of theory to understand those commonalities.

6. Middle range theories are empirically grounded, general (nomothetic) explanations of phenomena, consistent
with hypothetico-deductive approaches used in the sciences at large (Meyfroidt et al., 2018). Parts of the social
sciences use the middle range label in juxtaposition to ‘grand theories’ in social science - those abstract
concepts covering all social structures common to critical and social theory and structuralism.

7. Ostrom (2011, p. 8) also notes that models are ‘precise assumptions about a limited set of variables and
parameters [to advance] predictions about the results of combining variables using a particular theory [or
coupled theories for SES problems].’ This interpretation is consistent with our use of models as well. Tests are
analytical assessments (including that of specific hypotheses linked to models) of the characteristics and
relationships examined in a theory or a more specific model.
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10.

11.

12.

13.

14.

15.

The Supplemental Information in Meyfroidt et al. (2018) provides a detailed list of explanations and frameworks
addressing different facets of land-uses and the theories thereof.

Macroeconomics commonly approach land uses through demand and supply. In one sense, absolute land
supply is fixed and typically cannot be enlarged, save in a few instances of land reclamation. In another sense,
the supply of land for different land users is relative, determined by access to the land. This access is the product
of different configurations of the variables in the elements in our framework that maintain, increase, or decrease
access to land.

The meaning of institutions differs among research communities (Ménard & Shirley, 2014). We use the term in
reference to rules, including norms, of social interactions (Hodgson, 2015) as articulated in Ostrom (2011). This
definition is more restrictive than those that include, for example, culture and economic structures as institutions
of social interaction. Recognizing the relationships among culture, economic structures, and social interactions
(e.g., Alesina & Giuliano, 2015), land-use explanations tend not to render such breadth of meaning to institutions.
To be consistent with land-use explanations and for clarity in our framework, we separate institutions from
culture and economic structures.

We recognize the distinctions that different scholarship employs through the concept of culture (Baldwin et al.,
2006), and that a case can be made that culture should constitute its own ‘box’ in our framework. In its broadest
and perhaps simplest meaning, culture refers to any set of ideas, beliefs, values and practices that are socially
learned and transmitted, creating shared patterns of behavior and norms and the meanings given to them (e.g.,
Henrich, 2016). Culture may also shape various dimensions of the other elements in our framework. Our actors'
attributes element captures the array of values and norms affecting land-use behavior not specified in the other
elements. This array is composed of interactive cultural and individual dimensions that we cluster as actors’
attributes. Use of the framework may prove the need to separate these dimensions in the future.

These eight elements, variously labeled and linked, are also found in different parts of the ‘conceptual model of
land system as a coupled human-environment system’ presented by Aspinall and Staiano (2017). Their ‘holistic
framework’ presents an array of phenomena, processes and research interests beyond the eight elements on
which we focus.

‘Nature’s contributions to people’ constitutes a possible relabeling of environmental (ecosystem) services (Diaz
et al., 2018). We use services because it dominates the literature to date.

Our framework is designed for examination of extant land-use and its change. As such, previous land uses reside
outside our timeframe, but affect the current conditions of the other elements. In long-term or time series
assessments, the relationships of elements with previous land uses would be interactive.

In contrast to deduction and induction in which the outcome phenomenon or event is derived from causal
factor (i.e., logical inference), abduction reverses the sequencing, searching for a cause to link to the outcome
(e.g., Walton, 2014).

Acknowledgments

This paper was stimulated by and contributes to the Global Land Programme (https://glp.earth), specifically its work-
shop devoted to land theory held in Weggis, Switzerland in March 2017, supported by the European Research Council
under the European Union’s Horizon 2020 research and innovation program (Grant agreement No 677140 MIDLAND
[https://erc-midland.earth]). The content of the paper, however, is the product of the authors. We thank Marie-Héléne
Grégoire (Misenpage Studio) for help on the initial version of the figures. We thank reviewers of this paper and previous
drafts of it, especially Eric Lambin, Elena Irwin, and William C. Clark.

Disclosure statement

No potential conflict of interest was reported by the authors.

ORCID

Patrick Meyfroidt http://orcid.org/0000-0002-1047-9794

References

Alesina, A., & Giuliano, P. (2015). Culture and institutions. Journal of Economic Literature, 53 (4), 898-944. https://doi.org/
10.1257/jel.53.4.898

Angelsen, A. (2007). Forest cover change in space and time: Combining the von Thiinen and forest transition theories. The
World Bank.


https://glp.earth
https://erc-midland.earth
https://doi.org/10.1257/jel.53.4.898
https://doi.org/10.1257/jel.53.4.898

JOURNAL OF LAND USE SCIENCE (&) 501

Angelsen, A., & Kaimowitz, D. (1999). Rethinking the causes of deforestation: Lessons from economic models. World
Bank Research Observations, 14 (1), 73-98. https://doi.org/10.1093/wbro/14.1.73

Angelstam, P., Munoz-Rojas, J., & Pinto-Correia, T. (2019). Landscape concepts and approaches foster learning about
ecosystem services. Landscape Ecology, 34, 1445-1460. https://doi.org/10.1007/s10980-019-00866-z

Arbault, D., Riviere, M., Rugani, B., Benetto, E., & Tiruta-Barna, L. (2014). Integrated earth system dynamics modeling for
life cycle impacts assessment of ecosystem services. Science of the Total Environment, 472, 262-272. https://doi.org/
10.1016/j.scitotenv.2013.10.099

Archibald, S., 2016. Managing the human component of fire regimes: lessons from Africa. Philosophical Transactions of
the Royal Society B: Biological Sciences, 371(1696), p.20150346. https://doi.org/10.1098/rstb.2015.0346

Aspinall, R, & Staiano, M. (2017). A conceptual model for land system dynamics as a coupled human-environment
system. Land, 6 (4), 81. https://doi.org/10.3390/land6040081

Baldwin, J.R., Faulkner, S.L., Hecht, M.L., & Lindsley, S.L. (eds). (2006). Redefining culture: Perspectives across the disciplines.
Routledge.

Balmann, A., Dautzenberg, K., Happe, K., & Kellermann, K. (2006). On the dynamics of structural change in agriculture:
Internal frictions, policy threats and vertical integration. Outlook on Agriculture, 35 (2), 115-121. https://doi.org/10.
5367/000000006777641543

Barbier, E.B. (2012). Scarcity, frontiers and development. Geographical Journal, 178 (2), 110-122. https://doi.org/10.1111/
j.1475-4959.2012.00462.x

Barbier, E.B., Burgess, J.C., & Grainger, A. (2010). The forest transition: Towards a more comprehensive theoretical
framework. Land Use Policy, 27 (2), 98-107. https://doi.org/10.1016/j.landusepol.2009.02.001

Barrows, H.H. (1923). Geography as Human Ecology. Annals of the American Association of Geographers, 13 (1), 1-14.
https://doi.org/10.1080/00045602309356882

Barry, M., & Roux, L. (2012). A change based framework for theory building in land tenure information systems. Survey
Review, 44 (327), 301-314. https://doi.org/10.1179/1752270612Y.0000000003

Bateman, I.J., Harwood, A.R., Mace, G.M., Watson, R.T., Abson, D.J., Andrews, B., Binner, A., Crow, A., Day, B.H., Dugdale, S.,
Fezzi, C,, Foden, J., Hadley, D., Haines-Young, R. Hulme, M., Kontoleon, A., Lovett, A.A.,, Munday, P., Pascual, U.,
Paterson, J., & Termansen, M. (2013). Bringing ecosystem services into economic decision-making: Land use in the
United Kingdom. Science, 341 (6141), 45-50. https://doi.org/10.1126/science.1234379

Baumann, M., & Kuemmerle, T. (2016). The impacts of warfare and armed conflict on land systems. Journal of Land Use
Science, 11 (6), 672-688. https://doi.org/10.1080/1747423X.2016.1241317

Bennett, E.M., Cramer, W., Begossi, A., Cundill, G, Diaz, S., Egoh, B.N., Geijzendorffer, I.R., Krug, C.B., Lavorel, S., Lazos, E.,
Lebel, L., Martin-Lépez, B., Meyfroidt, P, Mooney, H.A., Nel, J.L., Pascual, U., Payet, K., Harguindeguy, N.P., Peterson, G.
D., Prieur-Richard, A.-H., & Woodward, G. (2015). Linking biodiversity, ecosystem services, and human well-being:
Three challenges for designing research for sustainability. Current Opinion in Environmental Sustainability, 14, 76-85.
https://doi.org/10.1016/j.cosust.2015.03.007

Biggs, R., Schliter, M., & Schoon, M.L. (eds). (2015). Principles for building resilience: Sustaining ecosystem services in social-
ecological systems. Cambridge University Press.

Binswanger, H., & Pingali, P. (1984). The evolution of farming systems and agricultural technology in sub-Saharan Africa.
World Bank.

Boserup, E. (1965). The condition of agricultural growth. The economics of agrarian change under population pressure.
Aldine.

Boserup, E., Tan, S.F., & Toulmi, C. (2013). Woman’s role in economic development. Earthscan.

Bowman, M.S., Soares-Filho, B.S., Merry, F.D., Nepstad, D.C., Rodrigues, H., & Almeida, O.T. (2012). Persistence of cattle
ranching in the Brazilian Amazon: A spatial analysis of the rationale for beef production. Land Use Policy, 29 (3),
558-568. https://doi.org/10.1016/j.landusepol.2011.09.009

Brannstrom, C., & Vadjunec, J.M. (eds). (2014). Land change science, political ecology, and sustainability: Synergies and
divergences. Earthscan.

Bren d’Amour, C., Reitsma, F., Baiocchi, G., Barthel, S., Guneralp, B., Erb, K.-H., Haberl, H., Creutzig, F., & Seto, K.C. (2017).
Future urban land expansion and implications for global croplands. Proceedings of the National Academy of Sciences,
114 (34), 8939-8944. https://doi.org/10.1073/pnas.1606036114

Brun, C., Cook, AR, Lee, J.S.H., Wich, S.A,, Koh, L.P., & Carrasco, L.R. (2015). Analysis of deforestation and protected area
effectiveness in Indonesia: A comparison of Bayesian spatial models. Global Environmental Change, 31, 285-295.
https://doi.org/10.1016/j.gloenvcha.2015.02.004

Burgi, M., Hersperger, A.M., & Schneeberger, N. (2005). Driving forces of landscape change-current and new directions.
Landscape Ecology, 19 (8), 857-868. https://doi.org/10.1007/510980-005-0245-3

Biirgi, M., Ostlund, L., & Mladenoff, D.J. (2017). Legacy effects of human land use: Ecosystems as time-lagged systems.
Ecosystems, 20 (1), 94-103. https://doi.org/10.1007/5s10021-016-0051-6

Busch, C.B., & Vance, C. (2011). The diffusion of cattle ranching and deforestation: Prospects for a hollow frontier in
Mexico’s Yucatan. Land Economics, 87 (4), 682-698. https://doi.org/10.3368/1e.87.4.682

Carpenter, S.R., & Turner, M.G. (1998). Editorial: At last: A journal devoted to ecosystem science. Ecosystems, 1, 1-5.
https://doi.org/10.1007/5s100219900001


https://doi.org/10.1093/wbro/14.1.73
https://doi.org/10.1016/j.scitotenv.2013.10.099
https://doi.org/10.1016/j.scitotenv.2013.10.099
https://doi.org/10.3390/land6040081
https://doi.org/10.5367/000000006777641543
https://doi.org/10.5367/000000006777641543
https://doi.org/10.1111/j.1475-4959.2012.00462.x
https://doi.org/10.1111/j.1475-4959.2012.00462.x
https://doi.org/10.1016/j.landusepol.2009.02.001
https://doi.org/10.1080/00045602309356882
https://doi.org/10.1179/1752270612Y.0000000003
https://doi.org/10.1126/science.1234379
https://doi.org/10.1080/1747423X.2016.1241317
https://doi.org/10.1016/j.cosust.2015.03.007
https://doi.org/10.1016/j.landusepol.2011.09.009
https://doi.org/10.1073/pnas.1606036114
https://doi.org/10.1016/j.gloenvcha.2015.02.004
https://doi.org/10.1007/s10980-005-0245-3
https://doi.org/10.1007/s10021-016-0051-6
https://doi.org/10.3368/le.87.4.682

502 (&) B.L TURNERETAL.

Chakir, R., & Lungarska, A. (2017). Agricultural rent in land-use models: Comparison of frequently used proxies. Spatial
Economic Analysis, 12 (2-3) 279-303. https://doi.org/10.1080/17421772.2017.1273542

Chiodelli, F., & Moroni, S. (2015). Corruption in land-use issues: A crucial challenge for planning theory and practice.
Town Planning Review, 86 (4), 437-455. https://doi.org/10.3828/tpr.2015.27

Clark, W.C., & Harley, A.G. (2020). Sustainability science: Towards a synthesis. Annual Review of Environment and
Resources, (forthcoming), 45.

Colantoni, A., Grigoriadis, E., Sateriano, A., Sarantakou, E., & Salvati, L. (2017). Back to Von Thunen: A Southern European
perspective on mono-centric urban growth, economic structure and non-urban land decline. International Planning
Studies, 22 (3), 173-188. https://doi.org/10.1080/13563475.2016.1231608

Dawson, N., Martin, A., & Sikor, T. (2016). Green revolution in sub-Saharan Africa: Implications of imposed innovation for
the wellbeing of rural smallholders. World Development, 78, 204-218. https://doi.org/10.1016/j.worlddev.2015.10.008

De Chazal, Rounsevell, M.D., & de Chazal, J. (2009). Land-use and climate change within assessments of biodiversity
change: A review. Global Environmental Change, 19 (2), 306-315. https://doi.org/10.1016/j.gloenvcha.2008.09.007

de Krom, M.P. (2017). Farmer participation in agri-environmental schemes: Regionalisation and the role of bridging
social capital. Land Use Policy, 60, 352-361. https://doi.org/10.1016/j.landusepol.2016.10.026

Diaz, S., Pascual, U., Stenseke, M., Martin-Lopez, B., Watson, R.T., Molnar, Z., Hill, R., Chan, K.M., Baste, I.A., Brauman, KA.,
Polasky, S., Church, A, Lonsdale, M., Larigauderie, A., Leadley, P.W., van Oudenhoven, A.P.E, van der Plaat, F.,
Schroéter, M., Lavorel, S., Aumeeruddy-Thomas, Y., & Shirayama, Y. (2018). Assessing nature’s contributions to people.
Science, 359 (6373), 270-272. https://doi.org/10.1126/science.aap8826

Dirzo, R., Young, H.S., Galetti, M., Ceballos, G., Isaac, N.J., & Collen, B. (2014). Defaunation in the Anthropocene. Science,
345 (6195), 401-406. https://doi.org/10.1126/science.1251817

Dobler-Morales, C., Roy Chowdhury, R., & Schmook, B. (2019). Governing intensification: The influence of state institu-
tions on smallholder farming strategies in Calakmul, Mexico. Journal of Land Use Science, 15 (2-3), 1-19. https://doi.
org/10.1080/1747423X.2019.1646334

Dwiartama, A., & Rosin, C. (2014). Exploring agency beyond humans: The compatibility of Actor-Network Theory (ANT)
and resilience thinking. Ecology and Society, 19 (3), 28. https://doi.org/10.5751/ES-06805-190328

Eakin, H., & Luers, A.L. (2006). Assessing the vulnerability of social-environmental systems. Annual Review of Environment
and Resources, 31 (1), 365-394. https://doi.org/10.1146/annurev.energy.30.050504.144352

Ellis, E.C. (2011). Anthropogenic transformation of the terrestrial biosphere. Philosophical Transactions of the Royal
Society A, 369 (1938), 1010-1035. https://doi.org/10.1098/rsta.2010.0331

Epstein, G., Vogt, J.M., Mincey, SK., Cox, M., & Fischer, B. (2013). Missing ecology: Integrating ecological perspectives
with the social-ecological system framework. International Journal of the Commons, 7 (2), 432-453. https://doi.org/10.
18352/ijc.371

Farley, K.A.,, Ojeda-Revah, L., Atkinson, E.E., & Eaton-Gonzdlez, B.R. (2012). Changes in land use, land tenure, and
landscape fragmentation in the Tijuana River Watershed following reform of the ejido sector. Land Use Policy, 29
(1), 187-197. https://doi.org/10.1016/j.landusepol.2011.06.006

Filatova, T., Verburg, P.H., Parker, D.C, & Stannard, C.A. (2013). Spatial agent-based models for socio-ecological systems:
Challenges and prospects. Environmental Modelling & Software, 45, 1-7. https://doi.org/10.1016/j.envsoft.2013.03.017

Folke, C. (2006). Resilience: The emergence of a perspective for social-ecological systems analyses. Global Environmental
Change, 16 (3), 253-267. https://doi.org/10.1016/j.gloenvcha.2006.04.002

Franco, J.C. (2012). Global land grabbing and trajectories of agrarian change: A preliminary analysis. Journal of Agrarian
Change, 12 (1), 34-59. https://doi.org/10.1111/j.1471-0366.2011.00339.x

Friis, C., & Nielsen, J.@. (eds.). (2019). Telecoupling: Exploring land-use change in a globalised world. Springer.

Galvani, P, Bauch, C.T.,, Anand, M., Singer, B.H., & Levin, S.A. (2016). Human-environment interactions in population and
ecosystem health. Proceedings of the National Academy of Sciences, 113 (51), 14502-14506. https://doi.org/10.1073/
pnas.1618138113

Garrett, R.D., Lambin, E.F., & Naylor, R.L. (2013). Land institutions and supply chain configurations as determinants of
soybean planted area and yields in Brazil. Land Use Policy, 31, 385-396. https://doi.org/10.1016/j.landusepol.2012.08.
002

Geist, H.J., & Lambin, E.F. (2002). Proximate causes and underlying driving forces of tropical deforestation: Tropical
forests are disappearing as the result of many pressures, both local and regional, acting in various combinations in
different geographical locations. BioScience, 52 (2), 143-150. https://doi.org/10.1641/0006-3568(2002)052[0143:
PCAUDF]2.0.C0O;2

Geist, H.J., & Lambin, E.F. (2004). Dynamic causal patterns of desertification. BioScience, 54 (9), 2004. https://doi.org/10.
1641/0006-3568(2004)054[0817:DCPOD]2.0.CO;2

Goldstein, J.H., Caldarone, G., Duarte, T.K,, Ennaanay, D., Hannahs, N., Mendoza, G., Polasky, S., Wolny, S., & Daily, G.C.
(2012). Integrating ecosystem-service tradeoffs into land-use decisions. Proceedings of the National Academy of
Sciences, 109 (19), 7565-7570. https://doi.org/10.1073/pnas.1201040109

Grant, W. (2010). Policy instruments in the common agricultural policy. West European Politics, 33(1), 22-38. https://doi.
0rg/10.1080/01402380903354049


https://doi.org/10.3828/tpr.2015.27
https://doi.org/10.1080/13563475.2016.1231608
https://doi.org/10.1016/j.worlddev.2015.10.008
https://doi.org/10.1016/j.gloenvcha.2008.09.007
https://doi.org/10.1016/j.landusepol.2016.10.026
https://doi.org/10.1126/science.aap8826
https://doi.org/10.1126/science.1251817
https://doi.org/10.5751/ES-06805-190328
https://doi.org/10.1146/annurev.energy.30.050504.144352
https://doi.org/10.1098/rsta.2010.0331
https://doi.org/10.18352/ijc.371
https://doi.org/10.18352/ijc.371
https://doi.org/10.1016/j.landusepol.2011.06.006
https://doi.org/10.1016/j.envsoft.2013.03.017
https://doi.org/10.1016/j.gloenvcha.2006.04.002
https://doi.org/10.1111/j.1471-0366.2011.00339.x
https://doi.org/10.1073/pnas.1618138113
https://doi.org/10.1073/pnas.1618138113
https://doi.org/10.1016/j.landusepol.2012.08.002
https://doi.org/10.1016/j.landusepol.2012.08.002
https://doi.org/10.1641/0006-3568(2002)052[0143:PCAUDF]2.0.CO;2
https://doi.org/10.1641/0006-3568(2002)052[0143:PCAUDF]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[0817:DCPOD]2.0.CO;2
https://doi.org/10.1641/0006-3568(2004)054[0817:DCPOD]2.0.CO;2
https://doi.org/10.1073/pnas.1201040109

JOURNAL OF LAND USE SCIENCE (&) 503

Groeneveld, J., Mdller, B., Buchmann, C.M., Dressler, G., Guo, C., Hase, N., Hoffmann, F., John, F.,, Klassert, C., Luaf, T.,
Liebelt, V., Nolzen, H., Pannicke, N., Schulze, J., Weise, H., & Schwarz, N. (2017). Theoretical foundations of human
decision-making in agent-based land use models-A review. Environmental Modelling & Software, 87, 39-48. https://
doi.org/10.1016/j.envsoft.2016.10.008

Gual, M.A,, & Norgaard, R.B. (2008). Bridging ecological and social systems coevolution: A review and proposal.
Ecological Economics, 69 (4), 707-717. https://doi.org/10.1016/j.ecolecon.2008.07.020

Harrison, J. (2017). Economics and land use planning. Routledge.

Headey, D., Dereje, M., & Taffesse, A.S. (2014). Land constraints and agricultural intensification in Ethiopia: A village-level
analysis of high-potential areas. Food Policy, 48, 129-141. https://doi.org/10.1016/j.foodpol.2014.01.008

Heinimann, A., Mertz, O., Frolking, S., Christensen, A.E., Hurni, K., Sedano, F., Chini, L.P., Sahajpal, R., Hansen, M., &
Hurtt, G. (2017). A global view of shifting cultivation: Recent, current, and future extent. PLoS One, 12 (9), e0184479.
https://doi.org/10.1371/journal.pone.0184479

Henrich, J. (2016). The Secret of Our Success: How Culture is Driving Evolution, Domesticating our Species, and Making us
Smarter. Princeton University Press.

Herrero, M., Thornton, P.K, Bernués, A, Baltenweck, I, Vervoort, J.,, van de Steeg, J, Makokha, S., van Wijk, M.T.,
Karanja, S., Rufino, M.C,, & Staal, S.J. (2014). Exploring future changes in smallholder farming systems by linking
socio-economic scenarios with regional and household models. Global Environmental Change, 24, 165-182. https://
doi.org/10.1016/j.gloenvcha.2013.12.008

Hersperger, A.M., Gennaio, M., Verburg, P.H., & Biirgi, M. (2010). Linking land change with driving forces and actors: Four
conceptual models. Ecology and Society, 15 (4), 1. https://doi.org/10.5751/ES-03562-150401

Hobbs, R. (1997). Future landscapes and the future of landscape ecology. Landscape and Urban Planning, 37 (1-2), 1-9.
https://doi.org/10.1016/50169-2046(96)00364-7

Hodgson, G.M. (2015). On defining institutions: Rules versus equilibria. Journal of Institutional Economics, 11 (3), 497-505.
https://doi.org/10.1017/51744137415000028

Holden, S.T., & Otsuka, K. (2014). The roles of land tenure reforms and land markets in the context of population growth
and land use intensification in Africa. Food Policy, 48, 88-97. https://doi.org/10.1016/j.foodpol.2014.03.005

Holloway, L. (2002). Smallholding, Hobby-Farming, and Commercial Farming: Ethical Identities and the Production of
Farming Spaces. Environment and Planning A, 34 (11), 2055-2070. https://doi.org/10.1068/a34261

Holtan, M.T., Dieterlen, S.L., & Sullivan, W.C. (2015). Social life under cover: Tree canopy and social capital in Baltimore,
Maryland. Environment & Behavior, 47 (5), 502-525. https://doi.org/10.1177/0013916513518064

Huber, R., Bakker, M., Balmann, A., Berger, T, Bithell, M., Brown, C.,, Grét-Regamey, A, Xiong, H., Le, Q.B., Mack, G.,
Meyfroidt, P., Millington, J., Miiller, B., Polhill, J.G., Sun, Z,, Seid|, R., Troost, C., & Finger, R. (2018). Representation of
decision-making in European agricultural agent-based models. Agricultural Systems, 167, 143-160. https://doi.org/10.
1016/j.agsy.2018.09.007

IPBES (Intergovernmental Science-Policy Platform on Biodiversity ad Ecosystem Services). (2019). Summary for policy-
makers of the global assessment report on biodiversity and ecosystem services of the Intergovernmental Science-Policy
Platform on Biodiversity and Ecosystem Services. IPBES Secretariat.

IPCC (Intergovernmental Panel on Climate Change). (2018). Global warming of 1.5°c, summary for policy makers. World
Meteorological Organization.

Irwin, E.G., & Geoghegan, J.,, 2001. Theory, data, methods: developing spatially explicit economic models of land use
change. Agriculture, Ecosystems & Environment, 85, 7-24. https://doi.org/10.1016/50167-8809(01)00200-6

Jayne, T.S., Chamberlin, J., & Headey, D.D. (2014). Land pressures, the evolution of farming systems, and development
strategies in Africa: A synthesis. Food Policy, 48, 1-17. https://doi.org/10.1016/j.foodpol.2014.05.014

Junquera, V., & Grét-Regamey, A. (2019). Crop booms at the forest Frontier: Triggers, reinforcing dynamics, and the
diffusion of knowledge and norms. Global Environmental Change, 57, 101929. https://doi.org/10.1016/j.gloenvcha.
2019.101929

Kates, R.W. (2001). ENVIRONMENT AND DEVELOPMENT: Sustainability Science. Science, 292(5517), 641-642. https://doi.
org/10.1126/science.1059386

Keys, E, & McConnell, W.J. (2005). Global change and the intensification of agriculture in the tropics. Global
Environmental Change, 15 (4), 320-337. https://doi.org/10.1016/j.gloenvcha.2005.04.004

Kongsager, R., & Reenberg, A. (2020). Contemporary land-use transitions: The global oil palm expansion. GLP International
Project Office. GLP Report No. 4.

Kraucunas, I, Clarke, L., Dirks, J., Hathaway, J., Hejazi, M., Hibbard, K., Huang, M., Jin, C,, Kintner-Meyer, M., van Dam, KK.,
Leung, R., Li, H.-Y., Moss, R., Peterson, M., Rice, J., Scott, M., Thomson, A., Voisin, N., & West, T. (2015). Investigating the
nexus of climate, energy, water, and land at decision-relevant scales: The Platform for Regional Integrated Modeling
and Analysis (PRIMA). Climatic Change, 129 (3-4), 573-588. https://doi.org/10.1007/510584-014-1064-9

Kronenburg Garcia, A., & van Dijk, H. (2020). Towards a theory of claim making: Bridging access and property theory.
Society & Natural Resources, 33 (2), 167-183. https://doi.org/10.1080/08941920.2018.1559381

Kuemmerle, T., Kaplan, J.O., Prishchepov, A.V., Rylsky, I, Chaskovskyy, O., Tikunov, V.S., & Miller, D. (2015). Forest
transitions in Eastern Europe and their effects on carbon budgets. Global Change Biology, 21 (8), 3049-3061. https://
doi.org/10.1111/gcb.12897


https://doi.org/10.1016/j.envsoft.2016.10.008
https://doi.org/10.1016/j.envsoft.2016.10.008
https://doi.org/10.1016/j.ecolecon.2008.07.020
https://doi.org/10.1016/j.foodpol.2014.01.008
https://doi.org/10.1371/journal.pone.0184479
https://doi.org/10.1016/j.gloenvcha.2013.12.008
https://doi.org/10.1016/j.gloenvcha.2013.12.008
https://doi.org/10.5751/ES-03562-150401
https://doi.org/10.1016/S0169-2046(96)00364-7
https://doi.org/10.1017/S1744137415000028
https://doi.org/10.1016/j.foodpol.2014.03.005
https://doi.org/10.1068/a34261
https://doi.org/10.1177/0013916513518064
https://doi.org/10.1016/j.agsy.2018.09.007
https://doi.org/10.1016/j.agsy.2018.09.007
https://doi.org/10.1016/j.foodpol.2014.05.014
https://doi.org/10.1016/j.gloenvcha.2019.101929
https://doi.org/10.1016/j.gloenvcha.2019.101929
https://doi.org/10.1126/science.1059386
https://doi.org/10.1126/science.1059386
https://doi.org/10.1016/j.gloenvcha.2005.04.004
https://doi.org/10.1007/s10584-014-1064-9
https://doi.org/10.1080/08941920.2018.1559381
https://doi.org/10.1111/gcb.12897
https://doi.org/10.1111/gcb.12897

504 (&) B.L.TURNERETAL.

Kuemmerle, T., Levers, C, Erb, K, Estel, S., Jepsen, M.R., Miller, D., Plutzar, Stirck, J., Verkerk, P.J., Verburg, PH., &
Reenberg, A. (2016). Hotspots of land use change in Europe. Environmental Research Letters, 11 (6), 064020. https://
doi.org/10.1088/1748-9326/11/6/064020

Lambin, E.F., & Meyfroidt, P. (2010). Land use transitions: Socio-ecological feedback versus socio-economic change. Land
Use Policy, 27 (2), 108-118. https://doi.org/10.1016/j.landusepol.2009.09.003

Laney, R, & Turner, B.L., Il. (2015). The persistence of self-provisioning among smallholder farmers in Northeast
Madagascar. Human Ecology, 43 (6), 811-826. https://doi.org/10.1007/s10745-015-9791-8

Larigauderie, A., Prieur-Richard, A.-H., Mace, G.M., Lonsdale, M., Mooney, H.A., Brussaard, L., Cooper, D., & Yahara, T.
(2012). Biodiversity and ecosystem services science for a sustainable planet: The DIVERSITAS vision for 2012-20.
Current Opinion in Environmental Sustainability, 4 (1), 101-105. https://doi.org/10.1016/j.cosust.2012.01.007

Lawler, J.J., Lewis, D.J,, Nelson, E., Plantinga, A.J,, Polasky, S., Withey, J.C., Helmers, Martinuzzi, S., Pennington, D., &
Radeloff, V.C. (2014). Projected land-use change impacts on ecosystem services in the United States. Proceedings of
the National Academy of Sciences, 111 (20), 7492-7497. https://doi.org/10.1073/pnas.1405557111

Le Polain de Waroux, Y., Baumann, M., Gasparri, NI, Gavier-Pizarro, G., Godar, J.,, Kuemmerle, T., Miiller, R., Vazquez, F.,
Volante, J.N., & Meyfroidt, P. (2018). Rents, actors, and the expansion of commodity frontiers in the Gran Chaco.
Annals of the American Association of Geographers, 108 (1), 204-225. https://doi.org/10.1080/24694452.2017.1360761

Liu, J., Yang, W., & Li, S. (2016). Framing ecosystem services in the telecoupled Anthropocene. Frontiers in Ecology and the
Environment, 14 (1), 27-36. https://doi.org/10.1002/16-0188.1

Mace, G.M., Norris, K., & Fitter, A.H. (2012). Biodiversity and ecosystem services: A multilayered relationship. Trends in
Ecology & Evolution, 27 (1), 19-26. https://doi.org/10.1016/j.tree.2011.08.006

Magliocca, N.R, Ellis, E.C., Allington, G.R.H., De Bremond, A. Dell’Angelo, J., Mertz, O., Messerli, P., Meyfroidt, P.,
Seppelt, R., & Verburg, P.H. (2018). Closing global knowledge gaps: Producing generalized knowledge from case
studies of social-ecological systems. Global Environmental Change, 50, 1-14. https://doi.org/10.1016/j.gloenvcha.
2018.03.003

Marsh, G.P. (1864). Man and nature: Or, physical geography as modified by human action. Charles Scribner.

Matson, P., Clark, W.C., & Andersson, K. (2016). Pursuing sustainability: A guide to the science and practice. Princeton
University Press.

McGinnis, M.D., & Ostrom, E. (2014). Social-ecological system framework: Initial changes and continuing challenges.
Ecology & Society, 19 (2), 30. https://doi.org/10.5751/ES-06387-190230

McNeill, J.R., & Engelke, P. (2016). The great acceleration. An environmental history of the anthropocene since 1945.
Harvard University Press.

Meerow, S., Newell, J.P., & Stults, M. (2016). Defining urban resilience: A review. Landscape and Urban Planning, 147,
38-49. https://doi.org/10.1016/j.landurbplan.2015.11.011

Ménard, C., & Shirley, M.M. (2014). The future of new institutional economics: From early intuitions to a new paradigm?
Journal of Institutional Economics, 10 (4), 541-565. https://doi.org/10.1017/5174413741400006X

Merton, R. (1968). Social theory and social structure. Free Press/Simon and Schuster.

Meyfroidt, P. (2013). Environmental cognitions, land change, and social-ecological feedbacks: An overview. Journal of
Land Use Science, 8 (3), 341-367. https://doi.org/10.1080/1747423X.2012.667452

Meyfroidt, P. (2016). Approaches and terminology for causal analysis in land systems science. Journal of Land Use
Science, 11 (5), 501-522. https://doi.org/10.1080/1747423X.2015.1117530

Meyfroidt, P., Boerner, J., Garrett, R., Gardner, T., Godar, J., Kis-Katos, K., Soares-Filho, B., & Wunder, S. (2020). Focus on
leakage and spillovers: Informing land-use governance in a tele-coupled world. Environmental Research Letters.
https://doi.org/10.1088/1748-9326/ab7397

Meyfroidt, P., Chowdhury, R.R., de Bremond, A., Ellis, E.C., Erb, K.-H., Filatova, T., Garrett, R.D., Grove, J.M., Heinimann, A,,
Kuemmerle, T., Kull, CA., Lambin, E.F., Landon, Y., le Polain de Waroux, Y., Messerli, P., Muller, D., Nielsen, J.@.,
Peterson, G.D., Rodriguez Garcia, V., Schliiter, M., & Verburg, P.H. (2018). Middle-range theories of land system
change. Global Environmental Change, 53, 52-67. https://doi.org/10.1016/j.gloenvcha.2018.08.006

Meyfroidt, P., & Lambin, E.F. (2011). Global forest transition: Prospects for an end to deforestation. Annual Review of
Environment and Resources, 36 (1), 343-371. https://doi.org/10.1146/annurev-environ-090710-143732

Meyfroidt, P., Schierhorn, F., Prishchepov, A.V., Miiller, D., & Kuemmerle, T. (2016). Drivers, constraints and trade-offs
associated with recultivating abandoned cropland in Russia, Ukraine and Kazakhstan. Global Environmental Change,
37, 111-122. https://doi.org/10.1016/j.gloenvcha.2016.01.003

Miranda, J., Bérner, J., Kalkuhl, M., & Soares-Filho, B. (2019). Land speculation and conservation policy leakage in Brazil.
Environmental Research Letters, 14 (4), p.045006. https://doi.org/10.1088/1748-9326/ab003a

Moran, E.F. (2016). People and nature: An introduction to human ecological relations. John Wiley & Sons.

Mdiller, D., Sun, Z., Vongvisouk, T., Pflugmacher, D., Xu, J., & Mertz, O. (2014). Regime shifts limit the predictability of
land-system change. Global Environmental Change, 28, 75-83. https://doi.org/10.1016/j.gloenvcha.2014.06.003

Munroe, D.K., McSweeney, K., Olson, J.L., & Mansfield, B. (2014). Using economic geography to reinvigorate land-change
science. Geoforum, 52, 12-21. https://doi.org/10.1016/j.geoforum.2013.12.005

Munteanu, C., Kuemmerle, T., Keuler, N.S., Mdller, D., Baldzs, P., Dobosz, M., Griffiths, P., Halada, L., Kaim, D., Kiraly, G.,
Konkoly-Gyuré, E., Kozak, J., Lieskovsky, J., Ostafin, K., Ostapowicz, K., Shandra, O., & Radeloff, V.C. (2015). Legacies of


https://doi.org/10.1088/1748-9326/11/6/064020
https://doi.org/10.1088/1748-9326/11/6/064020
https://doi.org/10.1016/j.landusepol.2009.09.003
https://doi.org/10.1007/s10745-015-9791-8
https://doi.org/10.1016/j.cosust.2012.01.007
https://doi.org/10.1073/pnas.1405557111
https://doi.org/10.1080/24694452.2017.1360761
https://doi.org/10.1002/16-0188.1
https://doi.org/10.1016/j.tree.2011.08.006
https://doi.org/10.1016/j.gloenvcha.2018.03.003
https://doi.org/10.1016/j.gloenvcha.2018.03.003
https://doi.org/10.5751/ES-06387-190230
https://doi.org/10.1016/j.landurbplan.2015.11.011
https://doi.org/10.1017/S174413741400006X
https://doi.org/10.1080/1747423X.2012.667452
https://doi.org/10.1080/1747423X.2015.1117530
https://doi.org/10.1088/1748-9326/ab7397
https://doi.org/10.1016/j.gloenvcha.2018.08.006
https://doi.org/10.1146/annurev-environ-090710-143732
https://doi.org/10.1016/j.gloenvcha.2016.01.003
https://doi.org/10.1088/1748-9326/ab003a
https://doi.org/10.1016/j.gloenvcha.2014.06.003
https://doi.org/10.1016/j.geoforum.2013.12.005

JOURNAL OF LAND USE SCIENCE (&) 505

19th century land use shape contemporary forest cover. Global Environmental Change, 34, 83-94. https://doi.org/10.
1016/j.gloenvcha.2015.06.015

Muyanga, M., & Jayne, T.S. (2014). Effects of rising rural population density on smallholder agriculture in Kenya. Food
Policy, 48, 98-113. https://doi.org/10.1016/j.foodpol.2014.03.001

NRC (National Research Council). (2014). Advancing land change modeling: Opportunities and requirements. National
Academies Press.

Osabuohien, E.S. (2014). Large-scale agricultural land investments and local institutions in Africa: The Nigerian case.
Land Use Policy, 39, 155-165. https://doi.org/10.1016/j.landusepol.2014.02.019

Ostrom, E. (2009). A general framework for analyzing sustainability of social-ecological systems. Science, 325 (5939),
419-422. https://doi.org/10.1126/science.1172133

Ostrom, E. (2010). Beyond markets and states: Polycentric governance of complex economic systems. American
Economic Review, 100 (3), 641-672. https://doi.org/10.1257/aer.100.3.641

Ostrom, E. (2011). Background on the institutional analysis and development framework. Policy Studies Journal, 39 (1),
7-27. https://doi.org/10.1111/j.1541-0072.2010.00394.x

Partelow, S. (2018). A review of the social-ecological systems framework: Applications, methods, modifications, and
challenges. Ecology & Society, 23 (4), 36. https://doi.org/10.5751/ES-10594-230436

Peet, R., & Watts, M. (2004). Liberation ecologies: Environment, development and social movements. Routledge.

Peng, S., Piao, S., Ciais, P., Friedlingstein, P., Ottle, C,, Bréon, F.-M., Nan, H., Zhou, L., & Myneni, R.B. (2012). Surface urban
heat island across 419 global big cities. Environmental Science & Technology, 46 (2), 696-703. https://doi.org/10.1021/
€s2030438

Perring, M.P., De Frenne, P., Baeten, L., Maes, S.L., Depauw, L., Blondeel, H., Carén, M.M., & Verheyen, K. (2016). Global
environmental change effects on ecosystems: The importance of land-use legacies. Global Change Biology, 22 (4),
1361-1371. https://doi.org/10.1111/gcb.13146

Pielke, R.A. (2005). ATMOSPHERIC SCIENCE: Land Use and Climate Change. Science, 310 (5754), 1625-1626. https://doi.
org/10.1126/science.1120529

Pingali, P.L. (2012). Green revolution: Impacts, limits, and the path ahead. Proceedings of the National Academy of
Sciences, 109 (31), 12302-12308. https://doi.org/10.1073/pnas.0912953109

Piquer-Rodriguez, M., Butsic, V., Gartner, P., Macchi, L, Baumann, M., Pizarro, G.G., Volante, J.N., Gasparri, I.N., &
Kuemmerle, T. (2018). Drivers of agricultural land-use change in the Argentine Pampas and Chaco regions. Applied
Geography, 91, 111-122. https://doi.org/10.1016/j.apge0g.2018.01.004

Platt, R.H. (2014). Land use and society, third edition: Geography, law, and public policy. Island Press.

Poelmans, L., & Van Rompaey, A. (2010). Complexity and performance of urban expansion models. Computers,
Environment and Urban Systems, 34 (1), 17-27. https://doi.org/10.1016/j.compenvurbsys.2009.06.001

Pongratz, J., Dolman, H., Don, A, Erb, K-H., Fuchs, R., Herold, M., Jones, C., Kuemmerle, T., Luyssaert, S., Meyfroidt, P., &
Naudts, K. (2018). Models meet data: Challenges and opportunities in implementing land management in Earth
system models. Global Change Biology, 24 (4), 1470-1487. https://doi.org/10.1111/gcb.13988

Prishchepov, A.V.,, Miiller, D., Dubinin, M., Baumann, M., & Radeloff, V.C. (2013). Determinants of agricultural land
abandonment in post-Soviet European Russia. Land Use Policy, 30 (1), 873-884. https://doi.org/10.1016/j.landuse
p0l.2012.06.011

Radel, C., Schmook, B., McEvoy, J., Mendez, C., & Petrzelka, P. (2012). Labour migration and gendered agricultural
relations: The feminization of agriculture in the ejidal sector of Calakmul, Mexico. Journal of Agrarian Change, 12 (1),
98-119. https://doi.org/10.1111/j.1471-0366.2011.00336.x

Raudsepp-Hearne, C., Peterson, G.D., & Bennett, E.M. (2010). Ecosystem service bundles for analyzing tradeoffs in diverse
landscapes. Proceedings of the National Academy of Sciences, 107(11), 5242-5247. https://doi.org/10.1073/pnas.
0907284107

Raymond, C.M., & Robinson, G.M. (2013). Factors affecting rural landholders’ adaptation to climate change: Insights from
formal institutions and communities of practice. Global Environmental Change, 23 (1), 103-114. https://doi.org/10.
1016/j.gloenvcha.2012.11.004

Raynor, S. F., Bretherto, S., Buol, M., Fosberg, W., Grossman, R., Houghton, R, Lal, J,, Lee, J., Lonegran, S., Olsen, J.,
Rockwell, R., Sage, C., & van Imhoff, E. (1994). A wiring diagram for the study of land-use/cover change: Report of
working group A. In W.B. Meyer & B.L. Turner Il (Eds.), Changes in land use and land cover: A global perspective (pp.
13-53). Cambridge University Press.

Robinson, D., Di Vittorio, A., Alexander, P., Arneth, A., Barton, C.M., Brown, D., Kettner, A, Lemmen, C., O'Neill, B.,
Janssen, M., Pugh, T., Rabin, S.S., Rounsevell, M., Syvitski, J.P., Ullah, I., & Verburg, P.H. (2018). Modelling feedbacks
between human and natural processes in the land system. Earth System Dynamics, 9 (2), 895-914. https://doi.org/10.
5194/esd-9-895-2018

Rosenzweig, C, Elliott, J., Deryng, D., Ruane, A.C,, Miiller, C., Arneth, A., Boote, K.J., Folberth, C., Glotter, M., Khabarov, N.,
& Neumann, K. (2014). Assessing agricultural risks of climate change in the 21st century in a global gridded crop
model intercomparison. Proceedings of the National Academy of Sciences, 111 (9), 3268-3273. https://doi.org/10.1073/
pnas.1222463110


https://doi.org/10.1016/j.gloenvcha.2015.06.015
https://doi.org/10.1016/j.gloenvcha.2015.06.015
https://doi.org/10.1016/j.foodpol.2014.03.001
https://doi.org/10.1016/j.landusepol.2014.02.019
https://doi.org/10.1126/science.1172133
https://doi.org/10.1257/aer.100.3.641
https://doi.org/10.1111/j.1541-0072.2010.00394.x
https://doi.org/10.5751/ES-10594-230436
https://doi.org/10.1021/es2030438
https://doi.org/10.1021/es2030438
https://doi.org/10.1111/gcb.13146
https://doi.org/10.1126/science.1120529
https://doi.org/10.1126/science.1120529
https://doi.org/10.1073/pnas.0912953109
https://doi.org/10.1016/j.apgeog.2018.01.004
https://doi.org/10.1016/j.compenvurbsys.2009.06.001
https://doi.org/10.1111/gcb.13988
https://doi.org/10.1016/j.landusepol.2012.06.011
https://doi.org/10.1016/j.landusepol.2012.06.011
https://doi.org/10.1111/j.1471-0366.2011.00336.x
https://doi.org/10.1073/pnas.0907284107
https://doi.org/10.1073/pnas.0907284107
https://doi.org/10.1016/j.gloenvcha.2012.11.004
https://doi.org/10.1016/j.gloenvcha.2012.11.004
https://doi.org/10.5194/esd-9-895-2018
https://doi.org/10.5194/esd-9-895-2018
https://doi.org/10.1073/pnas.1222463110
https://doi.org/10.1073/pnas.1222463110

506 (&) B.L. TURNERETAL.

Rounsevell, M.D., Pedroli, B., Erb, K.-H., Gramberger, M., Busck, A.G., Haberl, H., Kristensen, S., Kuemmerle, T., Lavorel, S.,
Lindner, M., Lotze-Campen, H., Metzger, M.J., Murray-Rust, D., Popp, A., Pérez-Soba, M., Reenberg, A., Vadineanu, A.,
Verburg, P.H., & Wolfslehner, B. (2012). Challenges for land system science. Land Use Policy, 29 (4), 899-910. https://
doi.org/10.1016/j.landusepol.2012.01.007

Roy Chowdhury, R. (2010). Differentiation and concordance in smallholder land use strategies in southern
Mexico’s conservation frontier. Proceedings of the National Academy of Sciences, 107 (13), 5780-5785. https://doi.
org/10.1073/pnas.0905892107

Roy Chowdhury, R., Uchida, E., Chen, L., Osorio, V., & Yoder, L. (2017). Anthropogenic drivers of mangrove loss:
Geographic patterns and implications for livelihoods. In V.H. Rivera-Monroy, S.Y. Lee, E. Kristensen, & R.R. Twilley
(Eds.), Mangrove ecosystems: A global biogeographic perspective (pp. 275-300). Springer.

Roy Chowdhury, R., & Turner, B.L., Il. (2006). Reconciling agency and structure in empirical analysis: Smallholder land use
in the southern Yucatan, Mexico. Annals of the Association of American Geographers, 96 (2), 302-322. https://doi.org/
10.1111/j.1467-8306.2006.00479.x

Roy Chowdhury, R., & Turner, B.L,, Il. (2019). The parallel trajectories and increasing integration of landscape ecology and
land system science. Journal of Land Use Science, 14 (2), 135-154. https://doi.org/10.1080/1747423X.2019.1597934

Rudel, T.K., Schneider, L., Uriarte, M., Turner, B.L., DeFries, R., Lawrence, D., Geoghegan, J., Hecht, S., Ickowitz, A.,
Lambin, E.F., Birkenholtz, T., Baptista, S., & Grau, R. (2009). Agricultural intensification and changes in cultivated
areas, 1970-2005. Proceedings of the National Academy of Sciences, 106 (49), 20675-20680. https://doi.org/10.1073/
pnas.0812540106

Rulli, M.C., Saviori, A., & D'Odorico, P. (2013). Global land and water grabbing. Proceedings of the National Academy of
Sciences, 110 (3), 892-897. https://doi.org/10.1073/pnas.1213163110

Ruttan, V.W., & Hayami, Y. (1984). Toward a Theory of Induced Institutional Innovation. Journal of Development Studies,
20 (4), 203-223. https://doi.org/10.1080/00220388408421914

Sauer, C.0. (1925). The Morphology of the landscape. University of California Publications. In Geography, 2 (2), 19-54.

Schipmann, C., & Qaim, M., 2010. Spillovers from modern supply chains to traditional markets: product innovation and
adoption by smallholders. Agricultural Economics, 41, 361-371. https://doi.org/10.1111/j.1574-0862.2010.00438.x

Schliter, M., Hinkel, J., Bots, P.W., & Arlinghaus, R. (2014). Application of the SES framework for model-based analysis of
the dynamics of social-ecological systems. Ecology and Society, 19 (1), 36. https://doi.org/10.5751/ES-05782-190136

Schmook, B., & Radel, C. (2008). International labor migration from a tropical development frontier: Globalizing house-
holds and an incipient forest transition. Human Ecology, 36 (6), 891-908. https://doi.org/10.1007/s10745-008-9207-0

Sesnie, S.E., Tellman, B., Wrathall, D., McSweeney, K., Nielsen, E., Benessaiah, K, Wang, O., & Rey, L. (2017). A
spatio-temporal analysis of forest loss related to cocaine trafficking in Central America. Environmental Research
Letters, 12 (5), p.054015. https://doi.org/10.1088/1748-9326/aa6fff

Seto, K.C,, Fragkias, M., Guineralp, B., Reilly, M.K., & Afel, J.A. (2011). A meta-analysis of global urban land expansion. PloS
One, 6 (8), e23777. https://doi.org/10.1371/journal.pone.0023777

Severen, C,, Costello, C,, & Deschenes, O. (2018). A Forward-Looking Ricardian Approach: Do land markets capitalize
climate change forecasts? Journal of Environmental Economics and Management, 89, 235-254. https://doi.org/10.
1016/j.jeem.2018.03.009

Steffen, W., Persson, A, Deutsch, L., Zalasiewicz, J., Williams, M., Richardson, K., Crumley, C., Crutzen, P., Folke, C,
Gordon, L., Molina, M., Ramanathan, V., Rockstrom, J., Scheffer, M., Schellnhuber, H.J., & Svedin, U. (2011). The
Anthropocene: From global change to planetary stewardship. Ambio, 40 (7), 739. https://doi.org/10.1007/s13280-
011-0185-x

Steffen, W., Rockstrém, J., Richardson, K., Lenton, T.M.,, Folke, C,, Liverman, D., Summerhayes, C.P., & Barnosky, A.D.
(2018). Trajectories of the Earth System in the Anthropocene. Proceedings of the National Academy of Sciences, 115
(33), 8252-8259. https://doi.org/10.1073/pnas.1810141115

Stern, P.C. (2000). New Environmental Theories: Toward a Coherent Theory of Environmentally Significant Behavior.
Journal of Social Issues, 56 (3), 407-424. https://doi.org/10.1111/0022-4537.00175

Stern, P.C,, Dietz, T., & Guagnano, G.A. (1995). The New Ecological Paradigm in Social-Psychological Context.
Environment and Behavior, 27 (6), 723-743. https://doi.org/10.1177/0013916595276001

Sturck, J., Levers, C,, van der Zanden, E.H., Schulp, CJ.E., Verkerk, P.J., Kuemmerle, T., Helming, J., Lotze-Campen, H.,
Tabeau, A. Popp, A, Schrammeijer, E, & Verburg, P. (2018). Simulating and delineating future land change
trajectories across Europe. Regional Environmental Change, 18 (3), 733-749. https://doi.org/10.1007/s10113-015-
0876-0

Tarolli, P., Preti, F., & Romano, N., 2014. Terraced landscapes: From an old best practice to a potential hazard for soil
degradation due to land abandonment. Anthropocene, 6, 10-25. https://doi.org/10.1016/j.ancene.2014.03.002

Tellman, B., Magliocca, N.R., Turner, B.L,, Il, & Verburg, P.H. (2020). Understanding the role of illicit transactions in
land-change dynamics. Nature Sustainability, 3 (3), 1-7. https://doi.org/10.1038/s41893-019-0457-1

Thompson, J.R., Lambert, K.F., Foster, D.R., Broadbent, E.N., Blumstein, M., Alimeyda Zambrano, A.M., & Fan, Y. (2016). The
consequences of four land-use scenarios for forest ecosystems and the services they provide. Ecosphere, 7 (10),
e01469. https://doi.org/10.1002/ecs2.1469

Thrall, G.I. (2017). Land use and urban form: The consumption theory of land rent. Routledge.


https://doi.org/10.1016/j.landusepol.2012.01.007
https://doi.org/10.1016/j.landusepol.2012.01.007
https://doi.org/10.1073/pnas.0905892107
https://doi.org/10.1073/pnas.0905892107
https://doi.org/10.1111/j.1467-8306.2006.00479.x
https://doi.org/10.1111/j.1467-8306.2006.00479.x
https://doi.org/10.1080/1747423X.2019.1597934
https://doi.org/10.1073/pnas.0812540106
https://doi.org/10.1073/pnas.0812540106
https://doi.org/10.1073/pnas.1213163110
https://doi.org/10.1080/00220388408421914
https://doi.org/10.5751/ES-05782-190136
https://doi.org/10.1007/s10745-008-9207-0
https://doi.org/10.1088/1748-9326/aa6fff
https://doi.org/10.1371/journal.pone.0023777
https://doi.org/10.1016/j.jeem.2018.03.009
https://doi.org/10.1016/j.jeem.2018.03.009
https://doi.org/10.1007/s13280-011-0185-x
https://doi.org/10.1007/s13280-011-0185-x
https://doi.org/10.1073/pnas.1810141115
https://doi.org/10.1111/0022-4537.00175
https://doi.org/10.1177/0013916595276001
https://doi.org/10.1007/s10113-015-0876-0
https://doi.org/10.1007/s10113-015-0876-0
https://doi.org/10.1038/s41893-019-0457-1
https://doi.org/10.1002/ecs2.1469

JOURNAL OF LAND USE SCIENCE (&) 507

Turner, B., Meyer, W.B., & Skole, D.L. (1994). Global land-use/land-cover change: Towards an integrated study. Ambio, 23
(1) 91-95. http://www. jstor.org/stable/4314168

Turner, B.L. (2002). Contested identities: Human-environment geography and disciplinary implications in a restructuring
academy. Annals of the Association of American Geographers, 92 (1), 52-74. https://doi.org/10.1111/1467-8306.00279

Turner, B.L, Il, & Ali, AM.S. (1996). Induced intensification: Agricultural change in Bangladesh with implications for
Malthus and Boserup. Proceedings of the National Academy of Sciences, 93 (25), 14984-14991. https://doi.org/10.
1073/pnas.93.25.14984

Turner, B.L,, II, Clark, W.C,, Kates, R.W., Richards, J.F., Mathews, J.T., & Meyer, W.B. (Eds). (1990). The earth transformed by
human action. Cambridge University Press.

Turner, B.L., ll, Lambin, E.F., & Reenberg, A. (2007). The emergence of land change science for global environmental
change and sustainability. Proceedings of the National Academy of Sciences, 104 (52), 20666-20671. https://doi.org/10.
1073/pnas.0704119104

Turner, B.L., II, & Robbins, P. (2008). Land-change science and political ecology: Similarities, differences, and implications
for sustainability science. Annual Review of Environment and Resources, 33 (1), 295-316. https://doi.org/10.1146/
annurev.environ.33.022207.104943

Turner, V.K, & Stiller, M. (2020). How Do Homeowners Associations Regulate Residential Landscapes? An Analysis of Rule
Structure and Content in Maricopa County (AZ). Journal of the American Planning Association, 86 (1), 25-38. https://
doi.org/10.1080/01944363.2019.1665474

UNEP (United Nations Environment Programme). (2019). Global environment outlook: Healthy planet, healthy people
(GEO6). Cambridge University Press.

USGCRP (U.S. Global Change Research Program). (2018). Fourth national climate assessment, Vol. 2: Impacts, risks, and
adaptation in the United States. USGCRP.

Vadjunec, J.M,, Frazier, A.E., Kedron, P., Fagin, T., & Zhao, Y. (2018). A land systems science framework for bridging land
system architecture and landscape ecology: A case study from the southern High Plains. Land, 7 (1), 27. https://doi.
org/10.3390/land7010027

van Vliet, J., de Groot, H.L.F., Rietveld, P., & Verburg, P. (2015). Manifestations and underlying drivers of agricultural land
use change in Europe. Landscape and Urban Planning, 133, 24-36. https://doi.org/10.1016/j.landurbplan.2014.09.001

Van Vliet, J.,, Magliocca, N.R., Biichner, B., Cook, E., Benayas, J.M.R, Ellis, E.C, Heinimann, A., Keys, E., Lee, T.M,, Liu, J.,
Mertz, O., Meyfroidt, P., Moritz, M., Poeplau, C., Robinson, B.E., Seppelt, R., Seto, K.C., & Verburg, P.H. (2016). Meta-
studies in land use science: Current coverage and prospects. Ambio, 45 (1), 15-28. https://doi.org/10.1007/513280-
015-0699-8

Verburg, P.H., Alexander, P., Evans, T., Magliocca, N.R., Malek, Z., Rounsevell, M.D., & van Vliet, J. (2019). Beyond land
cover change: Towards a new generation of land use models. Current Opinion in Environmental Sustainability, 38,
77-85. https://doi.org/10.1016/j.cosust.2019.05.002

Verburg, P.H., Crossman, N., Ellis, E.C, Heinimann, A, Hostert, P, Mertz, O., Nagendra, H., Sikor, T, Erb, K-H.,
Golubiewski, N., Grau, R., Grove, M. Konaté, S. Meyfroidt, P., Parker, D.C., Chowdhury, R.R. Shibata, H.,
Thomson, A., & Zhen, L. (2015). Land system science and sustainable development of the earth system: A global
land project perspective. Anthropocene, 12, 29-41. https://doi.org/10.1016/j.ancene.2015.09.004

Verburg, P.H., Erb, K-H., Mertz, O., & Espindola, G. (2013). Land system science: Between global challenges and local
realities. Current Opinion in Environmental Sustainability, 5 (5), 433-437. https://doi.org/10.1016/j.cosust.2013.08.001

Vermeulen, S.J., Campbell, B.M., & Ingram, J.S. (2012). Climate change and food systems. Annual Review of Environment
and Resources, 37 (1), 195-222. https://doi.org/10.1146/annurev-environ-020411-130608

Vogt, J.M,, Epstein, G.B., Mincey, S.K,, Fischer, B.C., & Mccord, P. (2015). Putting the “ E “ in SES: Unpacking the ecology in
the Ostrom social-ecological system framework. Ecology & Society, 20 (1), 55. https://doi.org/http://dx.doi.10.5751/ES-
07239-200155

Walters, B. (2017). Explaining rural land change and reforestation: A causal-historical approach. Land Use Policy, 67,
608-624. https://doi.org/10.1016/j.landusepol.2017.07.008

Walters, B., & Vayda, A.P. (2009). Event ecology, causal historical analysis, and human-environment research. Annals of
the Association of American Geographers, 99 (3), 534-553. https://doi.org/10.1080/00045600902931827

Walton, D. (2014). Abductive reasoning. University of Alabama Press.

Wang, C., & Maclaren, V. (2012). Evaluation of economic and social impacts of the sloping land conversion program:
A case study in Dunhua County, China. Forest Policy Economics, 14 (1), 50-57. https://doi.org/10.1016/j.forpol.2011.06.
002

Wentz, E.A,, Rode, S,, Li, X, Tellman, E.M., & Turner, B.L,, II. (2016). Impact of Homeowner Association (HOA) landscaping
guidelines on residential water use. Water Resources Research, 52 (5), 3373-3386. https://doi.org/10.1002/
2015WR018238

Wu, J. (2013). Landscape sustainability science: Ecosystem services and human well-being in changing landscapes.
Landscape Ecology, 28 (6), 999-1023. https://doi.org/10.1007/5s10980-013-9894-9

Wu, J., & Hobbs, R. (2002). Key issues and research priorities in landscape ecology: An idiosyncratic synthesis. Landscape
Ecology, 17 (4), 355-365. https://doi.org/10.1023/A:1020561630963


https://doi.org/10.1111/1467-8306.00279
https://doi.org/10.1073/pnas.93.25.14984
https://doi.org/10.1073/pnas.93.25.14984
https://doi.org/10.1073/pnas.0704119104
https://doi.org/10.1073/pnas.0704119104
https://doi.org/10.1146/annurev.environ.33.022207.104943
https://doi.org/10.1146/annurev.environ.33.022207.104943
https://doi.org/10.1080/01944363.2019.1665474
https://doi.org/10.1080/01944363.2019.1665474
https://doi.org/10.3390/land7010027
https://doi.org/10.3390/land7010027
https://doi.org/10.1016/j.landurbplan.2014.09.001
https://doi.org/10.1007/s13280-015-0699-8
https://doi.org/10.1007/s13280-015-0699-8
https://doi.org/10.1016/j.cosust.2019.05.002
https://doi.org/10.1016/j.ancene.2015.09.004
https://doi.org/10.1016/j.cosust.2013.08.001
https://doi.org/10.1146/annurev-environ-020411-130608
https://doi.org/http://dx.doi.10.5751/ES-07239-200155
https://doi.org/http://dx.doi.10.5751/ES-07239-200155
https://doi.org/10.1016/j.landusepol.2017.07.008
https://doi.org/10.1080/00045600902931827
https://doi.org/10.1016/j.forpol.2011.06.002
https://doi.org/10.1016/j.forpol.2011.06.002
https://doi.org/10.1002/2015WR018238
https://doi.org/10.1002/2015WR018238
https://doi.org/10.1007/s10980-013-9894-9
https://doi.org/10.1023/A:1020561630963

508 (&) B.L.TURNERETAL.

Zhang, W., Ricketts, T.H., Kremen, C, Carney, K, & Swinton, S.M. (2007). Ecosystem services and dis-services to
agriculture. Ecological Economics, 64 (2), 253-260. https://doi.org/10.1016/j.ecolecon.2007.02.024

Zhou, -B.-B., Wu, J., & Anderies, J.M. (2019). Sustainable landscapes and landscape sustainability: A tale of two concepts.
Landscape and Urban Planning, 189, 274-284. https://doi.org/10.1016/j.landurbplan.2019.05.005


https://doi.org/10.1016/j.ecolecon.2007.02.024
https://doi.org/10.1016/j.landurbplan.2019.05.005

	Framing the search for a theory of land use
	Repository Citation

	Abstract
	Search for theory for land system science
	Advancing land-use theory

	Land-use frameworks
	Proposed framework
	Use of the framework
	Addressing explanatory chains

	Summary
	Notes
	Acknowledgments
	Disclosure statement
	ORCID
	References

