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Abstract: This paper presents a conceptual model of land as a coupled human-environment system.
Land use and land cover are incorporated as elements of the human and environment system respectively.
Drivers and associated processes that influence land use, land cover, and land system dynamics are
incorporated within a set of sub-systems. The model includes consideration of driving sub-systems as
a set of capital funds and flows, and how these are influenced by linkages between processes in the human
(socio-economic) and environment systems and sub-systems. The model is consistent with existing models
of the biophysical earth system used by the land change, earth system sciences, and socio-ecological
systems communities. The purposes of the model are to provide (i) a holistic framework within which
descriptions, models and analyses that focus on various components of land can be placed to describe
and explain land systems and land system changes; and (ii) a guide for the development of more fully
integrated and interdisciplinary understanding, analysis and study of land use and land cover dynamics,
with explicit focus on relationships between human and natural systems.
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1. Introduction

Land use, land cover, and the associated dynamics of land systems (including change in cover
and use and combining human and environment systems’ processes) present fundamental challenges
for the sciences that aim to support an understanding of land use and land change [1-3]. Land use
traditionally is understood as a variety of human activities (e.g., agriculture, forestry, recreation),
many of which actively manage land, primarily for economic, social or environmental outcomes [4].
Land cover describes the biophysical character of the Earth’s surface, describing categories of cover
that are produced by land use activities through land management [2,5]. The close correspondence,
but not formal equivalence, between land uses (e.g., forestry) and land cover (e.g., woodlands) has
led to the combined and somewhat interchangeable study of use and cover in land systems science,
notably in programs such as the International Geosphere-Biosphere Programme/International Human
Dimensions Programme Land-Use and Land-Cover Change (LUCC) [2,6] and the NASA program,
Land-Cover and Land-Use Change (LCLUCC) [1,7]. Land use and cover are also frequently conflated
in classifications [8] and their separation and taxonomy are regularly discussed [9-12].

Lessons learned from programs such as LUCC [2], the NASA LCLUCC [13] and the Global
Land Project [14], as well as from large numbers of other studies of land change (see examples in the
Journal of Land Use Science, LAND, and other journals), have led to research on land use and land
use change adopting a systems-based approach, notably in terms of coupled human-environment
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systems! [3]. Since 2005, the Global Land Project in particular, and the Global Land Programme [15]
have promoted the treatment of land use and land cover within a land systems approach. Similarly,
a study of Land Use Futures in the UK [16] recommended that land be treated as a system of human
and environment systems. However, even within the context of representing land systems as coupled
human-environment systems, a general formulation of land systems is poorly defined and developed,
even though such a formulation might contribute both to the capacity for comparison across and
between case studies and to the generalization of the results of land use and land change studies [17].
A formal systems specification might also guide the development of more fully integrated and
interdisciplinary models of land use and land cover dynamics with explicit focus on relationships
between human and environment systems.

Given the inherent limitations of characterizing land systems based solely on land use or land
cover [9], the complex interrelations and interactions that exist between societies and their uses of
land [18], the global scope and scale of land use and land use change [3,19-21], and the central
importance of land use to addressing sustainability challenges [15,19,22,23], a broader, inclusive and
more detailed conceptual description and definition of land systems as coupled human—environment
systems is required.

In this paper, we present a conceptual model for land systems as coupled human—environment
systems. The model combines human and environment systems around a series of sub-systems,
linkages and interactions between them. The model represents the sub-systems as capital funds,
flows from capitals as fluxes, and the influence of dynamics in capital funds as additional drivers
of change. The format for presenting the model reflects the structure and design of the model
of the coupled atmosphere-ocean system as a Physical Climate System linked to Biogeochemical
Cycles [24,25]. (However, that model represents all human activity and land use as a single box with
a single connection to other elements of the (global) Earth System, a linkage that gives an appearance
of lesser significance than recognition of the Anthropocene would imply [15].)

2. Elements for a Conceptual Model of Coupled Human-Environment Systems for Land
Systems Science

A long record of case studies of land use and land cover change [1,2], meta-analyses of the land
change literature [26-28], and synthesis papers [3,15,29] (many associated with the Global Land Project),
have identified a number of elements and principal characteristics exhibited by land systems that might
usefully be incorporated into a general model of land systems. Additionally, descriptions of land systems
identify some characteristic properties. A model should, therefore, include at least these 5 elements:

(i) Consideration of not only environmental and socio-economic driving factors that affect land,
but also the various (and multi-scale) social, economic, cultural and environmental activities and
processes that have an impact on land and on its use, cover, function and dynamics [30].

(ii) Recognition of both the funds and flows associated with land: stocks and funds include various types
of capitals (natural, financial, social, human, physical [31]), as well as the funds of biodiversity [32],
and land itself (both use and cover) located in a geographic space. Flows include a variety of goods,
services, and other materials as well as ideas, innovation, and values.

(iii) Emphasis on the multi-scale interactions and dynamics of a range of system structures and
processes [33-36].

(iv) Recognition and inclusion of the range of benefits derived from land use, cover and management,
typically now formalized as ecosystem goods and services [37,38], and problems such as
pollution, environmental impacts, biodiversity loss, and other negative consequences of land use,
change and management.

1 The terms ‘coupled natural and environment system’, ‘coupled human-natural system’, and ‘socio-ecological system’ are

considered equivalent for the purposes of this paper.
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(v) Emphasis on the place-based nature of land use and global change [38,39] and its relevance to
the specific architectures of landscapes and communities [3,40] across various geographic and
temporal scales [41]. This also includes appreciation and understanding of the complex responses
of human and environment systems, drivers and processes to geographical heterogeneity and
variability in environmental conditions [38].

Meta-analyses carried out within LUCC provide a list of proximate causes and underlying driving
factors, also referred to as direct and indirect drivers of change [26-28,39,42]. These factors are grouped
into six sets: (i) demographic; (ii) economic; (iii) technological; (iv) policy and institutional; (v) cultural;
and (vi) other, usually environmental [26,27]. These factors were derived from the meta-analysis of
existing studies that documented these factors individually and in combination. Since they were
published, these factors have become widely used as a de facto standard for structuring description
and, to a lesser extent, analysis of change in land systems. The drivers not only force land change in
the sense of land cover change and land use change, but also influence other dynamics of land systems.
Mechanisms associated with the various processes that drive/force dynamics have been further
categorized as (i) enabling (why); (ii) driving (how); and (iii) shaping (where) [43]. Table 1 combines
these two structures for characterizing drivers of dynamics in land systems. For the purposes of
a general conceptual model, there is merit in separating forcing variables in the system into enabling,
driving and shaping factors, and distinguishing them from other characteristics of land systems which
are principally emergent properties of the operation of land systems. It should be noted that one of
the more singular characteristics of land systems is that the state of the land system can also act as
a driving factor, for example through path dependence [44,45].

At the conclusion of the LUCC program, there was discussion of a theory of land science [17].
This discussion identified four aspects and issues that an overarching theory of land change should address:

(1) Behavior of people (agency) and society (structure), and the uses to which land is put, as well as
feedbacks between these elements.

(2) Multi-level with respect to people and pixels (the smallest land units), recognizing that they
combine in ways that impact their behaviors both singly and collectively [36,46]. Hierarchy theory
is relevant to this multi-level, multi-scale behavior [47].

(3) Incorporation of the extent to which people and pixels are connected to the broader world in
which they exist, both past and present. This is partly the scope of study of teleconnections in
land systems [29].

(4) Incorporation of time, both as past time (history) and the future. This is partly encapsulated in
path dependence [44,45].

Table 1. Driving Factors for land system dynamics and land change (based on [26-28,39,42,43]).

Factors Enabling (Why) Driving (How) Shaping (Where)
Infrastructure Extension
. - Transport
Natural increment Migration Markets

Population density

Demographic Population distribution Settl?ments. Demographics
N Public Service
Life-cycle features .
Private Company
Social trigger events
Market Growth Agricultural expansion
e . Permanent cultivation
Commercialization o A
. . Shifting cultivation . .
Economic Economic structures . Finance, Capital
o S Cattle ranching
Urbanization and Industrialization R
Special Variables Colonization
P Economic shocks
Wood extraction
Agro-technical change Commercial
Technological Applications in the wood sector Fuel wood Education
Agricultural production factors Pole wood

Charcoal production
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Table 1. Cont.

Factors Enabling (Why) Driving (How) Shaping (Where)

Formal policies

Policy and Institutional ~ Policy climate Land ownership

Governance, ownership, tenure

Property rights Policy shifts
. . . Leisure
Cultural Pub.h? attitudes, values and beheji s Tourism History, Culture, Tradition
Individual and household behaviors
Protected areas
. . . . Pre-disposing environmental
Environment Resources Biophysical drivers/ trigger events factors; land characteristics

e, floods (soil quality, topography, etc.)

3. Systems Model

The conceptual model for land systems as coupled human-environment systems proposed here
attempts to incorporate these various elements within a single diagram. The prominence of box
and arrow frameworks in land-change science research is recognized [2]. Similar conceptual models
have been developed in other areas, notably, for example, in earth system sciences [24,25]. Similarly,
the State—Factor model for soil development [48] has been important in structuring the research and
analysis of soils as systems [49].

The purposes of the conceptual model presented here are to provide

(i) A holistic framework within which descriptions, models and analyses that focus on various
components of land can be placed to describe and explain land systems and land system changes.

(i) A guide for the development of more fully integrated and interdisciplinary understanding,
analysis and study of land use and land cover dynamics with explicit focus on relationships
between human and natural systems.

The conceptual model is shown in Figure 1. The coupled land system has two main component
(sub)systems: an environment (biophysical) system and a human (socio-economic) system. Land cover
and land use are associated with these two systems respectively. The human system includes demographic,
institutional /governance, economic, and technological sub-systems, and the environment system includes
the coupled earth system. These sub-systems are considered both as the set of driving factors, operating as
process systems in their own right, and as the five capitals (human, social, financial, physical/manufactured,
and natural). In addition, there is a subsystem in the human system for decision-making. This makes
explicit the additional suite of human and social factors that influence individual and group decisions
and decision-making, beyond the inputs and other conditions provided by the five capitals. Agency in
the human system is associated with choices and decisions, these being included in the conceptual model
by a decision-making subsystem. An additional subsystem labelled “land capability/suitability” for
human-environment interaction is also included. This refers to the technical capacities and opportunities
for land use that the combined human-environment system offers. These capacities and opportunities
are clearly dynamic, reflecting both technical (human system) developments and natural (environment
system) capacities.

The main subsystems, as funds, are connected by flows (as fluxes (¢) and changes (8) in the
funds). For example, the flows from technical factors to decision making and to economic factors
are described as (a) fluxes of products and innovation and (b) changes in technology and other
infrastructure (the manufactured capital). The diagram also includes an indication of timescales as
days/months/seasons and years/decades. In the case of connections between technical factors with
economics and decision-making, the suggested timescale is years to decades.

A major linkage between the human and environment systems is expressed through ecosystem
services. These are embedded in the systems approaches of the Millennium Ecosystem Assessment [37]
and the Global Land Project [14], and they are key to the current understanding of human—environment
relations and natural capital accounting [38,50-52]. Better understanding of ecosystem services as
a product of land systems management and as part of the operation of coupled human-environment
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systems will complement the existing emphasis on the roles of biodiversity in supporting ecosystem
services [38,53].

Human activities and impacts are listed on the right side of the diagram in Figure 1. Other activities
and impacts can be added to these lists. Clearly, the land system as a coupled human-environment system
is fully about the roles and impacts of human activities in interaction with environment.

Methods, methodologies and other techniques used for the study of land systems are included,
surrounding the central coupled human-environment land system. As with the list of human activities
and their impacts, the list provided is not intended to be exclusive. Rather, it is meant to signal the
diverse methods necessary to study land systems, emphasizing the human, environment and spatial
dimensions evident in much of the existing research literature on land use and land cover [2].

Land Use
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Figure 1. Conceptual model of land system as a coupled human-environment system.

4. Discussion

We identified this general model framing land systems—a type of box and arrow
framework [17]—to support the study and understanding of land systems, and to inform science,
policy, and decision-making [5]. The principal aim of the model is to provide an instrument which
contributes to the development of land systems science, and which supports new methods and
approaches to the analysis of land systems as manifestations of coupled human—environment systems
and processes. This model also aims to allow for comparative studies across various land systems,
as well as an improvement to basic and applied understandings of land systems [54,55]. There are
four ways in which this conceptual model of land systems as a coupled human-environment system
may help.

First, it provides a meta-structure for framing case studies in a broader land systems science,
allowing individual case studies to contribute to a wider understanding of the nature of land
system dynamics by setting them within a larger and general framework describing the coupled
human-environment land systems context. For example, a case study may consider only a subset of
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influences on land cover or land use, while the conceptual model provides a context for following and
assessing additional possible influences and feedbacks [56].

Second, it emphasizes the process dynamics of interacting sub-systems within and between the
human and environment sub-systems [57]. This provides an opportunity for framing and structuring
studies of the sub-systems themselves, as well as connections between the sub-system components,
and for scientific analysis of land changes based on addressing processes [58] and causality [59].

Third, it emphasizes an understanding of the multi-scale nature and dynamics of land systems
by recognizing the cross-scale and multi-level nature and interactions of drivers, processes and land
change [3,60-63]. A wide range of scaling issues are recognized in land systems [46], and differences
in space and time scales between human and environment systems are well documented [64,65].
The limitations associated with understanding scaling are one of the key attributes of case studies of
land use and land cover change that confounds their comparative analysis and the generalization of
their results such that they apply beyond the boundaries of the case study area. A fuller appreciation
and development of techniques to address the range of scaling issues and to handle multi-scale
effects is, therefore, required for the generalization of studies of land change and land system
function [35]. The conceptual model invites studies of land systems to be explicit about scaling [33],
including multi-scale [36] and multi-level [66] impacts.

Finally, as coupled human—environment systems, land systems demonstrate the full suite of
characteristics of complex systems [57,67,68]. Similarly, diagnostic analysis of land systems and
their dynamics, and the ways in which they change, encounters a set of challenges of description,
interpretation, explanation, and understanding of causality, including the challenge of generalization
from singular phenomenon. These challenges are common to sciences based on the observation of
complex natural and social systems [68,69]. A conceptual model of the full land system can help to
structure and frame the study of land as a complex, coupled human-environment system.

5. Conclusions

The conceptual model that we describe here aims to visualize a general framework that
encapsulates the complex dynamics of land systems at the interface of human and environment
systems. The model not only identifies sub-systems that represent various capital funds and the
driving processes of sub-systems, but also identifies flows and processes that drive system dynamics.
This model also helps to frame ways in which spatial, temporal and organizational scales can be
managed. The conceptual model can be used to place and develop individual studies as a part of land
systems within a wider framework of whole system analysis and process modelling.
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