Chapter 8
The Representation of Human-Environment

Interactions in Land Change Research
and Modelling

Peter H. Verburg

8.1 Introduction: Land Change and Spatial Models

Land change is the result of multiple human-environment interactions operating
across different scales. Land change research needs to account for processes ranging
from global trade of food and energy to the local management of land resources at
farm and landscape level. Land change has a pronounced impact on the local and
global environment. Land change may cause degradation of the living environment
through soil degradation or changes in the aesthetic qualities of the landscape. At the
same time, land change may lead to aggregate impacts on larger spatial and temporal
scales, examples include the impacts on global climate and food security. Such impacts
affect human well-being and often feedback on land use practices and decision
making by adapting to the changing environmental and socio-economic context.
Human-environment interactions in the land system are, therefore, connected across
scales with multiple feedbacks, leading to so-called ‘teleconnections’ or ‘telecoupling’
in the earth system. The same process may cause different trajectories of land
change in different world regions: globalization of food production can cause defor-
estation in tropical regions while marginal agricultural landscapes in other regions
are abandoned. The local environmental and socio-economic context determines
how the same global changes lead to different trajectories of land change in different
parts of the world.

Land change occurs at the interface of human and environmental systems and is
crucial in understanding both the causes and consequences of global environmental
change. Local land change decisions are often made by individual land owners.
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In some cases land owners decide on land practices of small agricultural plots in
terms of farming practices as well as having the opportunity to sell their land or buy
adjacent plots. In other cases land owners have authority to make land use decisions
over large areas of land managed by multiple individual farmers. When ownership
is linked to the state or community, decision making on land resources is either the
outcome of a political process (e.g. in assigning concessions for deforestation) or a
result of communal decision making. Irrespective of the land ownership, land change
decisions are steered by both the preferences of the land owner and managers and
the way in which the decision process is influenced by the environmental conditions,
commodity markets, socio-economic context and other driving factors. The spatial
and temporal diversity of the actors of land change, the environment and the socio-
economic and cultural context lead to a wide array of different land change
trajectories with processes operating across multiple spatial scales. Such diversity
expresses itself in a diverse mosaic of land use within the landscape and in the
development of widely diverging trajectories of landscape change worldwide.
Effective management of land resources and the transition towards sustainable
natural resource management can only be achieved based on a thorough understanding
of the complex interactions and feedbacks in the land system. Land science has
developed a wide portfolio of methods to investigate land system change, ranging
from local case studies aimed at understanding the land change decisions leading to
land change to global scale integrated assessment models that evaluate the impacts
of land change on the earth system functioning. One of the major challenges of the
land change community is to reconcile the different methodological approaches at
different scales and make complementary use of the different types of knowledge
generated. Computer simulation models play an important role in land science.
Models provide a platform for formalized synthesis of the knowledge on the func-
tioning of the land system, allow hypothesis testing and allow the exploration of
alternative development trajectories and intervention options. This chapter will review
how human-environment interactions are conceptualized in land science and land
change models in particular. The chapter will explicitly address how social science
knowledge is integrated in land change models and discuss a research agenda for
further improving the representation of human agency in land change models.

8.2 The Representation of Human-Environment
Interactions in Land Change Models

Conceptual models of human-environment interactions in land science

A theory of land system change should conceptualize the relationships between
the driving and conditioning forces and land use change; including the relationships
among the driving forces and human behavior and organization underlying these
relationships. Existing disciplinary theories can help to analyze aspects of land change
in specific situations and under well-defined assumptions. However, the paradigms
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and theories applied by the different disciplines are often difficult to integrate and
their specific foci do not easily combine into an integrated understanding of land
change. So far researchers have not yet succeeded in defining an all-compassing
theory of land change and it can be questioned if the formulation of such theory is
within reach. The lack of such overarching theory hampers the design of (conceptual)
models to represent the human-environment interactions underlying land change.

Theories from multiple disciplines, such as economics, geography, ecology and
anthropology, contribute to the explanation of land change. Often, these theories are
related to specific land conversion processes or sectors, e.g. Boserupian theory
concerning the effects of population on land use intensity (Boserup 1965; Turner and
Fischer-Kowalski 2010; Turner and Ali 1996), neo-Thiinen theory about moving
frontiers and urban markets (Walker 2004; Walker and Solecki 2004) and the
theories of Fujita and Krugman about urban development (Fujita et al. 1999a, b) as
notable examples. Most theories cannot adequately explain the complexity of land use
decision making underlying the observed land changes. Assumed agent behaviors in
the common rational choice paradigm are very restricted and a variety of alternative
decision making models are available (Meyfroidt 2012). Rational choice theory
may reasonably explain land use decisions under the bid-rent paradigm. However, in
reality individuals may rather seek to minimize risks or take them, as the case may be
(Rabin 1998). Poorly defined property rights are not conducive to the competitive
bidding process that leads to the equilibrium rent profile, which is most frequently
underlying urban and agricultural models (Parker and Filatova 2008). In a recent
review of the representation of decision making in land change research, Meyfroidt
(2012) concludes that in land change science the cognitive aspects of decision
making are underrepresented. His overview of alternative decision making models
is synthesized by the notion that (i) land use choices result from multiple decision-
making processes and rely on various motives, influenced by social norms, emotions,
beliefs, and values toward the environment; (ii) social-ecological feedbacks are
mediated by the environmental cognitions, that is, the perception, interpretation,
evaluation of environmental change, and decision-making; (iii) human agents
actively re-evaluate their beliefs, values, and functioning to adapt to unexpected
environmental changes (Meyfroidt 2012).

The different, alternative, representations of decision making in land change and land
change models are discussed by Hersperger et al. (2010) who describe 4 conceptual
models that (often implicitly) underlie much land change model representations.
Figure 8.1 summarizes the three most important models identified by Hersperger.
We have added a fourth model that explicitly addresses the socio-ecological
feedbacks and re-evaluation of decision making upon environmental change.

The first model looks for a direct relation between driving factors and land
change, e.g. between population and agricultural intensity or between road building
and deforestation. The identification of the underlying driving factors of land change
has been a popular research topic and many papers have, for specific case studies,
revealed the locally most important drivers of land change. Decision making that
moderates the relation between driving factors and land change is often implicit and
not analyzed explicitly. The relations between driving factors and land change can
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Fig. 8.1 Conceptual models for the representation of the relation between driving factors and land
change (Modified after Hersperger et al. 2010)

be established by empirical analysis using observed land change data and statistical
techniques, either based on spatial data or household interviews (Biirgi et al. 2004;
Verburg et al. 2004a; Walsh et al. 1999). When using spatial data, statistical models
are estimated that relate locations of observed land change (as dependent factor) to
the spatial distribution of the driving factors (as independent factors). For example,
locations of urbanization may be associated with locations of improved accessibility,
resulting in a statistical model that relates accessibility to urbanization.

The second model represents the chain from driving factors to actor to land
change. Although the actor has an explicit role in this sequence, the decision making
of the actors itself may not be studied in detail and uniform decision making structures
may be assumed. In addition, the driving factors are assumed to be independent of
the actors. Examples of the application of this conceptual model include many
economic land change models in which all actors are assumed to behave according
to an uniform rational choice model (Happe et al. 2006). In such models the actors
are supposed to make decisions based on land rent. Land rent is then explained as a
function of driving factors, e.g. soil suitability and transportation costs.

The third conceptual model explicitly addresses the decision making process and
accounts for the fact that the same driving factor may lead to a different land change
outcome depending on variations in the decision making process. Examples include
many social science studies in which variations in decision making between groups
of the population are studied. As an example, Overmars et al. (2007) identified that
in a case study in the Philippines, different ethnic groups have different land use
decision strategies based on cultural tradition and knowledge. In many agent-based
land change models a typology of agents is made in which the different groups are
represented by different decision making rules towards land change (Valbuena
et al. 2008). In the model of Valbuena et al. (2010a) hobby farmers are distinguished
from commercial farmers as the decision making of both groups is governed by
different objectives and motivations.

The fourth conceptual model, which we have added in addition to the models of
Hersperger et al., represents an explicit feedback from land change to the actor and
the driving factors. These feedbacks cause an impact of land change on the driving
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factors of land change, or invoke changes in the decision making strategy as result
of actor learning, adaptation and perception in response to the experienced land
change. Feedbacks between land change and decision making are not always
straightforward and direct. Often the feedback operates across different spatial or
temporal scales. Local land changes add up to impacts on the global climate system,
in turn leading to local impacts in vulnerable regions in terms of changes in
cropping conditions or increased flood risks to which people adapt their decision.
The importance of such feedbacks was stressed by van Noordwijk et al. (2011) and
Meyfroidt (2012). Unfortunately, only a small number of examples of the study of
such feedbacks are available in the land science literature, mostly due to the difficulty
of observing and quantifying such feedback mechanisms (Claessens et al. 2009;
Verburg 2006).

8.2.1 Different Perspectives and Research Approaches

To obtain a full understanding of the causes and consequences of land change a
complementary use has to be made of different research approaches. These can be
classified as the narrative, the empirical and the modeling approaches (Lambin
et al. 2003). The results of the narrative and empirical approach are often used as
input to the modeling approach that aims at formalizing the identified relations in a
structured framework.

The narrative approach seeks depth of understanding through historical detail
and interpretation. It tells the land change story, providing an empirical and inter-
pretative baseline by which to assess the validity and accuracy of the other visions.
It is especially beneficial in identifying stochastic and random events that significantly
affect land change but might be missed in approaches employing less expansive
time horizons or temporal sampling procedures (Briassoulis 2000). The narrative
approach is mostly valid at the level of individual actors and one of the challenges
of the approach is to link it with the features of land change that occur at more
aggregate levels of analysis. This has given rise to efforts to better link ‘people and
pixels’ through georeferencing narrative research and efforts to link the narrative
approach to empirical approaches using geographical data (Liverman and Cuesta
2008; Rindfuss et al. 2003; Rindfuss and Stern 1998). By linking household data to
the spatial units of land managed by those households, it becomes possible to relate
household characteristics to the actual land management applied in the field.

The empirical approach builds on the narrative approach but takes a more quan-
titative perspective by identifying significant relations and pattern in the collected
data while testing hypothesis that are either based on the narrative research approach
or through deductive reasoning (Pfaff and Sanchez-Azofeifa 2004). Such empirical
analysis can take place at various levels of spatial and temporal aggregation, ranging
from the analysis of household survey data (Overmars and Verburg 2005) or the
analysis of spatial units, i.e. pixels or polygons, organized in geographic data layers
(Chomitz and Gray 1996; Veldkamp et al. 2001) to the analysis of time series of
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country-level statistics (Rudel et al. 2009). A major drawback of the empirical
quantification of relations between land use and its supposed drivers is the induced
uncertainty with respect to the causality of the supposed relations. The danger lies
in leaping directly from the exploratory stage, or even from statistical tests based
on descriptive models, to conclusions about causes (James and McCulloch 1990).
Besides, most causal explanations are valid at the scale of study, mostly the indi-
vidual actor of land change, and therefore subject to upscaling problems. This asks
for validation of the causality of empirically derived relations. A combination of the
narrative perspective with the empirical perspective can help to test the validity of
the empirical relations. An example of such a combined approach is a study of
Overmars in the Philippines (Overmars and Verburg 2005). Overmars used an
approach that evaluates the results of statistical models based on geographic data by
a household-level analysis of decision making.

The modeling approach uses theoretical, assumed or empirical relations to
construct a model that allows the exploration of land change dynamics across
historic (observed) or future time periods. Models especially allow the analysis of
‘what-if’ questions through acting as an artificial laboratory for conducting
controlled experiments which are very difficult to establish in the real world.
Similarly to the empirical perspective, land change models are aimed at a wide
variation of different spatial and temporal scales. Local agent-based models mostly
represent individual actors within a community or small region (Matthews et al. 2007)
while spatial models often are applied at the regional level, simulating the changes
in land use of land units or pixels. Land use is also an explicit part of larger scale
models operating at the global level, ranging from global equilibrium models of
the world economy (Hertel et al. 2010) to integrated assessment models of global
environmental change (Thomson et al. 2010). The following section will describe
the way in which human-environment interactions are addressed in land change
models in more detail.

From the above it is clear that both the different research approaches and the
different spatial scales of analysis are able to provide complementary insights.
However, the linking of the approaches across the different scales may not be
straightforward. Coleman (1990) developed a framework that describes the inter-
action between micro and macro levels for social systems. The same framework can
also be applied to land change models. Land change assessments made at the
regional level, using remote sensing and geographic data, are often explained by
specifying a micro-level mechanism. Figure 8.2, based on the work of Coleman
(1990), depicts the relations between the macro and micro levels. Macro-level anal-
yses (pathway A) of land use are normally based on empirical techniques, e.g. the
analysis of spatial patterns of land use derived from remote sensing. Pathway B
explains the underlying processes from which the different land use patterns have
emerged, e.g. the individual decisions in response to the (changing) socio-economic
and physical context. Aggregated, these individual decisions lead to changes in land
use pattern that can be analyzed in the more macro-scale analysis. This aggregation
may not be straightforward due to non-linear relationships causing the ‘ecological
fallacy’ or ‘modifiable area unit problem’ (Easterling 1997; Marceau and Hay 1999).
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Fig. 8.2 Illustration of the relations between macro and micro-level analysis of land change
(Based on Coleman 1990)

These terms relate to the bias that is introduced when non-linear relations at
individual level are applied to aggregate data. Also, interactions between agents,
e.g. leading to collective behavior, as well as the role of institutions and other
‘collective’ agents lead to aggregate results that deviate from the sum of individual
decisions (Gibson et al. 2000; Liu et al. 2007). Tools have been developed to
analyze the role of processes across multiple scales, e.g. multi-level statistics
(Neumann et al. 2011; Overmars and Verburg 2006; Pan and Bilsborrow 2005) and
agent-based models, that model the emergence of patterns from individual decision
making (Parker et al. 2008). Still, the importance of scalar dynamics in analyzing
human-environment interactions is still frequently overlooked.

8.2.2 Using Social Science Case-Studies to Help
Parameterize Land Change Models

The disconnection between the different research perspectives, and the disciplinary
communities involved in the different approaches, causes land change models to
neglect the knowledge gained by the narrative and empirical perspectives. A specific
approach to bridge the different research approaches in land change research
and generalize local findings across larger regions has been the use of meta-analysis
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of case studies. Meta-analysis is a form of systematic review aimed at the statistical
evaluation of a large number of case studies and can provide the empirical base for
designing simulation models. Meta-analysis is especially useful if new (and possibly
more structured) data collection is not feasible due to the large time and financial
investments required. Such systematic review of studies is useful in land science
since globally valid explanations of what factors drive land use change remain
largely incomplete (Rudel 2008). Common understanding of the causes of land
change is dominated by simplifications that, in turn, underlie many land change
models. Within case studies of land change, based on either the narrative or empirical
research approach, a wealth of in-depth information on decision making in human-
environment interactions is available. Meta-analysis can help to identify common-
alities across these case studies and identify which factors (variables) cause different
cases to behave differently. Case studies on land change often contain information
on the proximate causes of land change and their underlying driving factors and
provide insight in the decision making processes leading to changes in land use and
management. The main approach to systematic review of the knowledge in case
studies in the field of land science has been the synthesis of proximate causes and
driving factors for specific land change processes resulting in a listing of the globally
most frequently mentioned drivers of land change. Examples of such systematic
review or meta-analysis are available for deforestation (Geist and Lambin 2002;
Rudel 2005), desertification (Geist and Lambin 2004), agricultural intensification
(Keys and McConnell 2005) and shifting cultivation (van Vliet et al. 2012). These
meta-analysis support the conclusion that the simple answers found in population
growth, poverty and infrastructure rarely provide an adequate understanding of land
change. Rather, individual and social responses follow from changing economic
conditions, mediated by institutional factors. Opportunities and constraints for new
land uses are created by markets and policies, increasingly influenced by global
factors (Lambin et al. 2001). A weakness of the existing meta-analysis in land use
is that it is mainly tended towards understanding the broad, macro-scale social
forces that affect nature-society relationships and less attention is given to the role
of the space-time context in determining these relationships, i.e. mostly the human-
environment system is investigated following the first conceptual model in Fig. 8.1.
At the same time, the case studies included tend to be biased towards the most
interesting regions with dramatic land changes.

For a more limited set of case studies Rindfuss et al. (2007) tried to more specifi-
cally identify the important factors explaining differences in land change processes
between frontier regions. However, as case studies are often made by different
teams and with different objectives, the quantitative comparison of such cases
turned out to be more troublesome; indicating the need for more clearly document-
ing common sets of case study findings and harmonizing case study methods in
order to be able to contextualize case study findings. Such harmonization will
ensure that case study results can more easily be contextualized, allowing the use of
the findings in land change models.
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8.2.3 Representation of Human-Environment Interactions
in Land Change Models

A wide variety of land change models have been developed over the past two
decades that have been reviewed numerous times (Agarwal et al. 2001; Priess and
Schaldach 2008; Verburg et al. 2004b) based on different criteria. In this section we
do not aim to provide an exhaustive review of these models, but rather will address
the variation in ways that human-environment interactions are conceptualized in
the different models. In contrast to a classification or representation based on the
specific modeling technique used, e.g. cellular automata or agent-based modeling,
the methods employed to represent human-environment interactions may be classified
on a scale from deductive, theory-led approaches to fully empirical, inductive
approaches to modeling. Overmars et al. (2007) provide such a scale from deductive
to inductive reasoning and conclude that many of the existing models are neither
fully deductive or inductive. But, still large differences exist in the role of theory and
empirical data in conceptualizing the model. Especially the way in which decision
making on land change is represented differs. In some approaches an almost
completely deductive approach is taken by assuming rational agents that optimize
income and tailor land change decisions towards that goal. Some of these models
operate at the level of individual decision makers, e.g. farmers (Piorr et al. 2009)
while others operate at the level of large world regions in which decision making is
conceptualized for an aggregate (representative) agent (Havlik et al. 2011; Souty
et al. 2012; Van Meijl et al. 2006). It may be questioned under what conditions the
same behavioral assumptions are valid for both individual and highly aggregate
agents. On the other end of the spectrum models that employ machine learning
methods to relate land change to its determinants are found. Many machine learning
techniques do not provide insight into the estimated relations and it is only the
observed data that determine the relations employed in the model to simulate future
land changes. Many other models fall somewhere in between these extremes.
So called ‘factor-led induction’ (Overmars et al. 2007) employs theory to identify the
factors driving land change decisions while the actual relations between these factors
and land change are established using empirical estimation of statistical coefficients
using observed data (Chomitz and Gray 1996; Nelson and Hellerstein 1997).
Such a theory-based approach is important to explore for several reasons. It structures
the model around the critical human-environment relationships identified within the
theory, and focuses attention on the data required to explore those relationships.
Similarly, many agent-based models of land change employ a range of empirical
techniques to make a typology of different decision making types and parameterize
the decision making rules in the model based on household survey results (Robinson
et al. 2007; Smajgl et al. 2011; Valbuena et al. 2008). The latter group of models is
of specific interest to the study of human-environment interactions. Multi-agent
models simulate decision making by individual agents of land use change, explicitly
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addressing interactions among individuals. The explicit attention for interactions
between agents makes it possible for this type of model to simulate emergent prop-
erties of systems. These are properties at the macro scale that are not predictable
from observing the micro units in isolation. If the decision rules of the agents are set
such that they sufficiently look like human decision making they can simulate
behavior at the meso-level of social organization, i.e. the behavior of heterogeneous
groups of actors. Multi-agent-based models of land change are particularly well
suited to representing complex spatial interactions under heterogeneous conditions
(Bousquet and Le Page 2004; Parker et al. 2003). Multi-agent systems are able to
formalize decision-forming behavior of individual stakeholders, either based on
theory (Happe et al. 2006), or based on observations and statistical analysis
(Bousquet et al. 2001; Robinson et al. 2007; Valbuena et al. 2010a). In the initial
years of application of agent-based models to land change, most multi-agent models
focused on either hypothetical or simplified representations of the real world to
explore interactions between agents and between agents and the environment.
Especially the parameterization of agent behavior in models for real case-studies
turned out to be very complex. However, more recently a larger number of applications
of agent-based models to real case studies worldwide have been published, showing
the potential of the approach to explore the land change dynamics in local to regional
level case studies (Le et al. 2012; Robinson et al. 2012; Valbuena et al. 2010b).
At larger spatial scales, ranging from the region to the global level the principles of
agent-based modeling have not yet been applied in simulation models, leaving most
models at that level with highly simplified representations of human-environment
interactions (Rounsevell and Arneth 2011). The possibilities for either upscaling or
outscaling agent-based models have been described by Rounsevell and colleagues
(Rounsevell et al. 2012), but have not yet been applied in operational models.

8.3 Land Change Models as a Platform
for Social Science Integration

The review and discussion in the previous sections has illustrated the importance of
the social sciences for studying land change processes. Often, the social sciences have
taken the narrative or empirical approach for studying land change. The modeling
perspective is often dominated by natural scientists and in many models the social
drivers of land change are underrepresented. This underrepresentation can, to some
extent, be attributed to the lack of spatial data representing the social drivers. For the
physical factors such data are often better available, e.g. soil maps and climate data.
At the same time, the poor representation of social science in land change models
is due to the difficulty to generalize social science findings outside the context of a
specific case study, and the lack of an overarching theory of land change that
includes the social dimensions. Still, there are several advances and prospects that
allow land change models to act as a platform for social science integration in
natural resource studies.
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It is not likely that the complete richness of human-environment interactions
leading to land change will easily and completely be described by one single, all
compassing theory that can inform the design of land change models. Different
existing theories describe specific land change processes and are valid under specific
conditions or at a specific scale; together the different theories help explain part
of the total variation in human-environment interactions leading to land change.
The combination and integration of narrative research with empirical investigations
will help to better define the conditions under which certain land change processes
occur and when theories and conceptual models are valid. Such understanding will
help to define under what conditions land change models based on these conceptual
relations can adequately capture the system dynamics. The complementary use of
narrative, empirical and model-based explorations requires the interdisciplinary
collaboration and exchange of insights across the different research perspectives and
disciplines. Land change models may be designed based on the narrative and theo-
retical understanding of the human-environment interactions in a particular context.
At the same time, social science perspectives may be formalized by representing
them in simulation models, enabling to test the implications for system dynamics.

Besides interdisciplinary collaboration it is also required to broaden the perspec-
tive of the individual disciplinary approaches. The most effective way to reap the
benefits of more deductive work is not to rigidly ‘go deductive’ and stay there. Such
a ‘process-led approach’ may blind the analyst to alternative processes at work
(Overmars et al. 2007). Rather, the message should be that researchers will profit
most from developing a consciousness of the whole spectrum between the inductive
and deductive extremes, and an awareness of the advantages of the variation in
research routines, and then seeking the most fertile sequences and interactions
between inductive and deductive work. Ultimately, this will contribute to theory
development in the field of land change while at the same time helping the develop-
ment of modeling tools to explore the dynamics in land systems and possible
responses to policy interventions.

The lack of social science integration in models of land change is exemplified by
the, often, very simplistic representation of human-environment interactions in
operational land change models which does not do justice to the complexity of deci-
sion making. Especially at larger spatial and temporal scales models assume in most
cases profit optimizing strategies at the level of either spatial units or for highly
aggregate representative agents. In contrast, at local scales much advancement has
been made in the representation of human behavior and decision making in agent-
based models of land change. Ignoring spatial and temporal variation in decision
making and responses to environmental change leads to inaccuracies in global
assessment outcomes and difficulties in using these models to design place-based
natural resource management and adaptation and mitigation strategies. The upscaling
and/or outscaling of agent-based models of land change is restricted by the lack of
empirical data to support the parameterization of the human-environment inter-
actions in these models. Such parameterization requires insight in the diversity of
diverging decision making models and the contextual conditions that may explain
such diversity. To better include such social science information a promising
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direction is the re-analysis of existing case-studies and social science surveys to
identify commonalities across locations as well as the role of context. The use of
meta-analysis to achieve some of these objectives has revealed that information
reported in case studies is often restricted and incomplete to make a full compara-
tive analysis possible. Moreover, as narrative and econometric case studies are
not conducted following a common structure or reporting protocol the necessary
information to make a systematic review across case studies is often lacking in
the scientific reports. Common reporting protocols to ensure that information is
consistently documented have been successful in the individual-based and agent-
based modeling communities. The ODD reporting protocol of individual-based and
agent-based models (Grimm et al. 2006, 2010) is now common as supplementary
material of all individual-based and agent-based model papers in peer-reviewed
journals. A similar documentation protocol has been proposed by Seppelt and
others (2012) for documenting ecosystem service assessments. If land change
case-studies would apply similar documentation standards a wealth of information
on land change processes and the underlying human-environment interactions
worldwide would be disclosed.

Another constraint for parameterizing agent-based models is the limited infor-
mation that standard land change case studies provide on the cognitive aspects of
land change decisions (Meyfroidt 2012). Many studies describe the ways in which
driving forces relate to land change decisions without considering the underlying
cognitive processes and the way in which decision making adapts to changing con-
ditions, including learning. While the investigation of such mechanisms is normally
the field of environmental psychology, such insights are essential to understand
transitions in decision making as are likely to take place under increasing influence
of global markets, changing policy environments and climate change. Land change
is happening in a dynamic socio-economic and environmental context, leading to
dynamic decision making patterns in which we have yet insufficient insights.

Spatial simulation models are frequently used to reconstruct historic land changes
(Klein Goldewijk et al. 2011) and explore future changes or evaluate the land change
consequences of alternative policies. The comparison of simulation results with
reality provides a measure of the extent to which we understand the human-
environment interactions resulting in land change (Castella and Verburg 2007,
Pontius et al. 2008). The wide diversity in modeling concepts and implementations
serves the variation in research and policy questions as well as the different scales
of analysis. Adequate land change models require the integration of social science
perspectives and multi-agent models are an example of the possibility to do so.
However, the challenges for better understanding and integrating human-environment
interactions in land change models are still manifold. But, in the end, the development
of land change models provides a platform for integrating the different disciplinary
perspectives on the complex socio-ecological system governing land change.
Advancing land change modeling, therefore, not only requires the efforts of individual
disciplinary researchers, it especially takes the courage of all individual researchers
to collaborate, contextualize findings and respond to the needs to translate findings
across spatial scales.
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