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Evolution of land use change modeling: routes to different knowledge schools
Abstract

Although much has been published on land use change modeling (LUCM), no study has
comprehensively dealt with the evolution of land use models based on knowledge
schools. The primary objective of this paper is an explanation of the progress and growth
of LUCMs considering their main ontological, epistemological, and methodological
origins. Five main paradigms; i.e. positivism, post-positivism, constructivism,
participatory, and pragmatism approaches are discussed in order to assess the current
orientations of LUCMs. Given the complexities of the LUCMs components, the study
concludes that one paradigm cannot adequately address all methodological aspects.
Accordingly, it is necessary to combine quantitative and qualitative paradigms to create
mixed method approaches within a systemic framework. Such systemic approaches could
shape the most probable future generations of the LUCM, which would be able to cope
with the complexity of various subsystems, including biophysical and socioeconomic.
Keywords: environmental planning; land use; land management; modeling; knowledge

school; sustainable land use.
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1. Introduction

Land use change models (LUCMs) can be developed with different goals in mind and in
a variety of forms through the combination of models and due to their ability to
understand and project land use change systems, represent human decision making, create
links between human and environmental systems, and deal with questions about the
challenges of environmental sustainability (Brown et al. 2013). When reviewing LUCMs,
there are many criteria that can be found and used to classify the different models
(Overmars et al. 2007). Based on Verburg et al. (2004), there are a significant number of
models that outline land use from different backgrounds that have been developed by
those that have researched and studied a variety of disciplines. They emphasize that the
most important tasks for future research is to combine the strengths of all existing ideas,
methods and tactics rather than expounding upon the method that belongs to the
modeler’s own field of study. Moreover, for modelers to further the traditions of their
respective fields and build models that truly span different fields of study, it is necessary
to increasingly integrate tactics and approaches that have been developed in various areas
(Kooman et al. 2008; Witlox 2005).

The literature review revealed that there has been great advancement in developing
models that outline land use change. Nevertheless, the new forms of land use modeling
need to be made in order to create more dimensions of land use systems; such models are
more likely to be successful when dealing with the multi-dimensional components of land
use systems. They can better utilize new approaches when it comes to measuring
neighborhood impacts, determining accurate responses to temporal changes and can more
fully integrate various disciplinary methodologies as well as create more combinations of
LUCMs for rural and urban areas. By gaining such advancements in the development of
LUCM, researchers are able to evaluate land use changes and to better develop effective
land use policies (Verburg et al. 2004).

There are many reasons that demonstrate the importance of understanding philosophy,
especially when it comes to developing a proper LUCM. Philosophy gives the land use
modeler the opportunity to clarify and identify the methods conducted within the model
(Easterby-Smith et al. 1997). This would include the assorted collected data and its

source, the explication of the data, and the way it responds to research inquiries.
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Moreover, with a better understanding of philosophy, the land use modeler can become
more inventive and imaginative when choosing or refining methods that s/he has never
utilized before. The philosophical orientation of the land use modeler also has
implications for the creation and application of preferred LUCMs, including the choice of
the applied method. Working without being aware of the philosophical that underlie the
situation does not necessarily signify that the modeler does not also hold such
assumptions, rather, they in the process of developing a study that has resulted from
assumptions that have not yet been examined or recognized. Therefore, it is crucial that
the prevailing paradigms and that the basic philosophical assumptions are understood
when creating and conducting LUCM and when contributing to the theoretical and
methodological discussions in the model. During the last few decades, numerous LUCMs
have been conducted to fulfill land management requirements, to improve the evaluation
process, and to plan the future role of LUCCs in the natural system function (Veldkamp
and Lambin 2001). Numerous literature reviews (Agarwal et al. 2002; Heistermann et al.
2006; Wainger et al. 2007; Mitsuda and Ito 2011; Wicke et al. 2012; Terry and Sohl
2013; Lee et al. 2015) regarding the approaches of land use modeling have been
conducted over the last few years due to different views and the development of various
typologies. According to Briassoulis (2000), both the epistemological basis and the
contributing disciplinary characteristics critically influence the view of land and land use
which, in turn, affect the methods of theorizing and modeling land use change. As a
result, the role of knowledge claim schools in terms of land use change needs to be
stressed.

One of the compelling reasons why there is a need for research on the
philosophical routes of LUCMs is because the changes to land use occurs through the
effect of many macro and micro factors, functioning within differing time frames and
geographical space. Models are used to estimate and do not predict things precisely.
Thus, the results that they produce should be considered with regard to the model’s
qualifications, assumptions, and limitations. Models depend on mathematical equations
and data in order to simulate the “real world”. Their reliability is mostly due to the quality
of the data used and the principles that govern decision making and on the assumptions

applied. Therefore, understanding the philosophical routes will help us recognize the
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ontological, epistemological, and methodological nature of LUCMs. Such an
understanding directs thoughts concerning land use change, illustrates conceptual and
operational expressions of change, its determinants and their relationships, and suggests
explanatory plans for making sense of available empirical evidence; i.e. to support model
building. Accordingly, understanding the philosophical routes could be an effective guide
when predicting the future orientations/generations of LUCMs (determining which
elements should be included or excluded in the next LUCMs). This would help us obtain
a better understanding of the complex land use systems and to allow us to more
efficiently interact with those that determine land use change (Verburg et al. 2004).
Otherwise, according to Briassoulis (2000), inappropriate and inadequate awareness of
the influence of the knowledge claim schools regarding land use change may mislead
policy creation and create more challenges to deal with. This review paper aims to outline
the evolution of LUCMs based on different worldviews (positivism, post-positivism,
constructivism, participatory, and pragmatism). To meet the objective, we will first
explain the different philosophical aspects (including ontology, epistemology and
methodology) of each worldview and then try to compare the most known LUCMs

against each aspect. Then, we will try to predict the most probable future of LUCM.

2. Knowledge claim schools

The definition of a worldview is “a basic set of beliefs that guide action” (Guba
1990, p. 17) or a common orientation of a researcher with regard to the universe as well
as the content of a given study (Creswell 2009, p. 5). Ontological, epistemological, and
methodological assumptions may belong to different worldviews. Setting a knowledge
claim means that researchers launch a project with concrete assumptions about the
subject under study as well as the way of learning (Creswell 2003). From the
philosophical point of view, researchers mainly make claims about the definition of
knowledge (ontology), the way we recognize it (epistemology), as well as the procedures
of investigating that knowledge (methodology) (Creswell 1994). Table 1 and 2
respectively show a descriptive overview and a summary of the three main philosophical
aspects and empirical dimensions of the five schools of thought about knowledge claims.

[insert Table 1]
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[insert Table 2

Further clarifications of Table 1 and 2 are devoted to a brief discussion of the
relationship between each of the five research paradigms and the main land use change
models. However, prior to this presentation, it is necessary to discuss the need for and the
uses of models within the context of a analysis of the changes to land use . LUCMs may
have an effective role in evaluating different effects caused by previous human activities
or those that would occur in the future within the nature and/or the socioeconomic
contexts. All of which could provide useful information on possible future land-use
configurations (Koomen et al. 2008). Lambin et al. (2000) recognized a number of
categories of land-use change models, such as the empirical-statistical, the stochastic, the
optimization, the dynamic (process-based) and the integrated models. Briassoulis (2000)
distinguished the differences of statistical and econometric, spatial interaction,
optimization, and integrated models, including a category of model types that incorporate
and do not fall into any of these categories. Yet Heistermann et al. (2006) classify LUCC
into geographically based (empirical-statistical or rule-based/process-based), economic,
and integrated models. All inventories demonstrate that a group of heterogeneous model
approaches that have noticeable differences within their theoretical backgrounds, the
points where they start, their range of application and so on (Koomen et al. 2008). In this
study, five categories of LUCMs have been considered in regard to the main research
paradigms. Table 3 summarizes the most important features of each philosophical view of
the LUCMs.

[Insert Table 3]

As shown in the table, there are often some common methodological,
epistemological or ontological aspects for each model that may be attributed to one or
more groups. Importantly, Fig. 1 illustrates how land-use change is understood has
shifted from a simplistic (Positivism) to a more realistic and complex (Pragmatism)
paradigm over time. Such new models have tried to better address land use systems and

their multi-scale characteristics, and to integrate disciplinary approaches at a higher level
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(Verburg et al. 2004; Courtney et al. 2015). The evolution of research questions,
methods, and the scientific paradigm is reflected in this change (Lambin et al. 2003).
[insert Fig. 1]

3. Main land use change modeling
3.1. Linear models. pro-positivism?

In linear programming (LP), all mathematical expressions for objective functions
and constraints are quantitative and linear. The inescapable underlying assumption that is
made by modeling the real world via LP is that a linear model is suitable. Yet models
constructed solely from linear relationships have certain limitations. The most obvious is
that lines poorly model some real-world phenomena. A weakness common to all
mathematical programming models is the assumption that input data are considered to be
absolutely accurate (Chinneck 2001). Nevertheless, the main advantage of LP techniques
is their capability to be managed, understood and computed.

The single and the multi-objective models are two major types of LP models. The
first one is conducted in studies that only consider one goal when solving problems and
the second one copes with more pragmatic conditions that deal with problems in which
several objectives need to be optimized. In both situations, there are one or more
objective functions as well as a range of limitations within the procedure to solve the
problem. The objective function(s) of the problems of land use is displayed within a
mathematical format, bringing about the question: "how much land to allocate to each of
a number of land use types in order to optimize objective A (or, B, C, D)?" The objective
is, for instance, to reduce the environmental effects and the development cost of land
conversion to a minimum or to increase the advantages of such development to an
optimum level, and the like (Briassoulis 2000). Two more important models in this group
are the LRM (Linear Regression Models) (Chapin 1965) and CCAM (Canonical
Correlation Analysis Model) (Briassoulis 2000). There are two groups of linear models,
economic and mathematical, that apply statistical techniques in order to derive a
mathematical relationship between the dependent and sets of independent (or predictor)
variables. The study area is often split into several zones according to the selected density

and the data gathered. They are usually cross-sectional, fixed models functioning
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according to the yearly-based data collection (Briassoulis 2000). In this type of situation,
it is necessary to have rich datasets and elaborated statistical models (Agarwal et al.
2002). Economic models are produced through general or partial equilibrium sets of
macro-economic equations that do not consider land as spatially explicit, rather, it is
usually represented as a factor of production (Alcamo et al. 2006). The main goal in
econometric modeling is to estimate the changes in some determinants of land use (such
as: population density, retail and housing demand, employment, rates of salary, rents,
earnings) and then through utilizing land use/activity factors and coefficients whose
estimations are expressed in the form of land use type demands. The EMPIRIC model is
one of the well-known econometric models (Hill 1965; Pack 1978) which represents a
prototype model built in the 1960s and was used as a rather simple vehicle to model
metropolitan structure (Briassoulis 2000). Other examples include the GTAP and the
NEMESIS models. GTAP as an example of a general equilibrium model that deals with
land-use change and represents the entire economy and the primary interactions between
economic sectors of one or multiple regions (CBES 2009). These models are able to be
used in order to define the global demand for various kinds of land-use (Mudgal, et al.
2008), NELUP (Natural Environment Land Use Program) (O’Callaghan 1995) and
METROSIM (U.S. E.P.A. 2000).

While LP is a very effective method that is capable of taking care of problems that
have very high dimensions (in terms of the number of variables, relations, and
constraints). It also has the intrinsic drawback that all of the relations, constraints and
objectives need to be formulated linearly. It is also necessary for the variables to be
continuous (quantitative). This linear quality is not often applied within land-use planning
due to the qualitative characteristic of the relations as well as the discrete characteristic of
(a number of) the variables that have to be optimized (Loonen et al. 2007). Accordingly,
land use linear modelers believe that they are able to control their biases and the
environment sufficiently enough in order to identify a true objective which is able to, in
turn, to become generalized into universal laws or principles (Coyle and Williams 2000;
Greenfield et al. 2007). In order to test a specific part of a general theory, or principle, in
order to determine a conclusion, they use deductive reasoning. As positivists, land use

linear programmers usually put forth a hypothesis or prediction about a set of variables
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from a particular theory and then attempt to test and verify the relationship between these
variables. Consequently, since land use linear modelers believe that such tests have a
crisp methodology and trust that reality can completely be formulated, the biases of the
researcher have no place in the model and they believe that the future can be fully
predicted.

As a result, from the philosophical point of view and according to Table 3, linear
models are oriented in a positivism worldview, but from the ontological aspect, they are
more in line with post-positivism. Similar to positivism in which the researcher’s job is
mainly to discover the reality using quantitative and experimental methods that may not
involve researcher’s personal biases to influence the outcomes, the modelers also use
such methods, mostly regression analysis, to describe the constant relationships between
variables. In both positivism and LP approaches, the modeler and participants are
supposed to be independent and should not influence each other (Lincoln and Guba
2000). However, similar to the post-positivists, LP modelers concur that they are able to
discover the actuality of the situation within a certain realm of probability, only inhibited
by the researcher’s human limitations. Therefore, in LP models, the modeler may not be
able to prove a theory, and primarily, they are able to make an even stronger case by
getting rid of alternative explanations; a method that is in line with post-positivist

principles.

3.2. Static models: pro-post positivism?

The static models (stationary, steady state or cross-sectional models) describe the
state of the system as an equilibrium resulting from a long period of constant inputs. The
static models do not simulate the transient behavior of the system for the time of interval
that it is unstable, but these models give a description of the stable equilibrium of a
system, which may be reached after a very long span of time. These models describe the
structure of a system of distributed parameters as a set of qualitative physical fields. It
consists of a distribution model for each individual field and an intersection model for
each pair of fields that are to be combined in a composite field (Lundell 1996). One of
the well-known static models is the multi-agent system model of changes in land-

use/cover (MAS/LUCC) that can overcome certain important limitations of the existing
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techniques. MAS/LUCC models are particularly well-suited when representing complex
spatial interactions within heterogeneous conditions and when making models of
decentralized, autonomous decision making (Parkera et al. 2003).

Static models of land use are a function certain of fixed (unchanging) driving
factors. These kinds of models are often strongly based in a statistical regression analysis
that demonstrates past and present spatial developments. Static models are able to be used
in order to test our knowledge of the driving factors regarding land-use changes, though
this kind of model does not take into account temporal feedback and path dependencies
(Verburg et al. 2006). Non-temporal static models, naturally, are not based in time, but
rather, on the key ecological landscape attributes that are by the land’s patch size and its
connectivity. These models may be built within a variety of scenarios, ranging from static
land use or from management decisions through the use of appropriate ecological
indicators. The ecological impact of land use change is, essentially, a simple model that
does not reference time.

Although these models predict the following phenomena of causal relationships,
just as post-positivism, the fact is, they are not stable in all situations (unlike linear
models and positivism); rather, it is constructed by those that are engaged in the study.
They are of the opinion that the reality has a multiple (rather than singular) nature, is
subjective, and that individuals mentally construct it, that our understanding of reality can
be different depending on the context, and that reality cannot be fully understood
otherwise. Although a great amount of effort and time is given to static models, the
ability to generalize the results brings them in to question due to the studies focus on
situational and conditional contexts; thus, just like post-positivism, making the
conclusions all the more conditional and temporary (Tekin and Kotaman 2013). One of
the strengths associated with static models is that, like post-positivism (Ponterotto 2005),
these models recognize that not all knowledge is gained from one single method. Instead,
the modeler aims to implement several measurements in the investigation process and
rejects the notion that they are able to capture objective reality seamlessly. Indeed,
idealism is disproved and critical realism and multiplism are accepted, which prove that
the model can usually be considered from different dimensions. In-depth information

from a variety of sources allow the complex web of interactions among variables to be

10
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understood, providing a greater chance to improve (Lor 2011). Static models as well as a
post-positivist paradigm leans towards the predominant use of quantitative methods in
order to collect data and analyze it, however, the increasing use of qualitative techniques
is also recognized (Mertens 2005). The researcher interacts with the subject under
consideration and the results in the static models are the consequences of this interplay
that focuses on the concept and comprehension of the stance being researched.
Consequently, in order to demonstrate valid research, a degree of proof that corresponds

with the study’s results, is necessary(Hope and Waterman 2003).

3.3. Dynamic models: pro-constructivism?

Transient or dynamic models describe the reaction within the system to dynamic
inputs. They describe the transient state of the system, even if it is not in a state of
equilibrium. But rather, they describe the behavior of the system during the time span
needed to reach equilibrium. This approach is usually taken when a time varying input
requires a response from the system. Time is one of the important variables in model
algorithms and the results can be interpreted as the state of the system at a certain point of
time. Dynamic models describe the behavior of a distributed parameter system in terms
of processes acting on fields, the qualitative functional relationships between the
parameters and the changes to the static model (Lundell 1996). Each of these works in
junction with intermediate time-steps that could possibly become the starting-point
calculations of the following situation. The case of dynamic modeling, therefore takes
into account possible progress (throughout the time of the simulation) and tries to provide
a richer model of behavior and the chance to more thoroughly mimic the real-life spatial
developments (Koomen and Stillwell 2007).

Some of these models in LUCM consist of the General Ecosystem Model (GEM),
the Patuxent Landscape Model (PLM), the Forest and Agriculture Sector Optimization
Model (FASOM) (Agarwal et al. 2002), CLUE-s (Conversion of Land Use and Its
Effects) (Verburg et al. 2006) and Cellular Automata (CA) (Voigt and Troy 2008).
Dynamic models specifically concentrate on the dynamics of land-use systems that
involve time as it is depicted by the competition between land uses, the path-dependence

in system evolution due to irreversible past changes, and trajectories of land-use change
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that are fixed. Another category of LUCMs includes dynamic models that apply
optimization methods that are presented by dynamic programming models which have
been useful in dealing with constraints related to the land use analysis (Briassoulis 2000).
Modelers of dynamic land use models conduct a mathematical form of programming that
is usually beneficial in finding a suite of interconnected solutions. This technique
provides the dynamic land use programmers with a systemic procedure that determines
the composite decisions that maximizes the general efficiency of policies. Azadi et al.
(2009a) and Azadi et al. (2007) used such approaches in their study of sustainable
rangeland management. In contrast to LULPs, dynamic land use programmers do not use
a standard mathematical formulation of programming on the problem. Instead, a tailored
approach is developed to deal with the problem, and specific equations conducted by
programmers need to be modified in order to adjust to different conditions (Briassoulis
2000; Hillier and Lieberman 1980).

Unlike constructivism, by using dynamic models as statics, the reality of the
situation is external and is considered to come from outside of the researchers’ minds and
the researchers are unable to import their bias into the models. But like constructivism
and unlike the static models, the modeler's background and experience have an important
role when it comes to understanding the reality of the topic; such reality is not only
different in different places, but also in different times. It means that the reality is not one
singular facet, but multiple and socially constructed within these models and that how
reality is perceived may change through or at any point during the process of study
(Mertens 1998). In other words, studies where the modelers follow the constructivist
view, in which those conducting the research interact with the participants of the study in
order to get information and knowledge, are dependent on the context and the time of the
study (Coll and Chapman 2000; Cousins 2002). In these models, like constructivism,
inputs and independent variables are not fixed; they can be diverse and flexible in scale
and type. The dynamic modelers as well as constructivist researchers are mainly in favor
of methods that collect qualitative data and analyze them or a combination of the two
methods, qualitative and quantitative (Mackenzie and Knipe 2006). For instance, Houet
and Hubert-Moy (2006) utilized a time-series of aerial photographs and satellite imagery

comprised of different spatio-temporal scales in order to identify landscape
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characteristics as well as the spatial features and the temporal changes of land-use/ -cover
from 1950 to 2003. Furthermore, in the constructivism approach, quantitative data is able
to be utilized in a manner that backs or elaborates upon qualitative data and efficiently
enhances the description. Houet and Hubert-Moy (2006) also determined both
biophysical and socio-economic drivers of existing dynamics by collaborating with
members and organizations that are interested in sharing information and materials and
were interested in conducting developed methods and tools as well as model outcomes.
All of these input data were confirmed, examined, and evaluated in terms of applying
spatial statistical methods in order to measure spatial associations. Furthermore, the
modeling processes of cellular automaton are used to provide a spatially-explicit model
according to the simulations of future trends of LUCC. As a result, in these models, the
outcome of the inquiry is constructed through the joint effort of the researcher and
respondents during the modeling process.

Dynamic models are clearly different from statistical models due to the way a
phenomenon is represented and built with parts of a system that we can confirm occur in
reality and describes input-output relationships. They do not depend on historical or
cross-sectional data in order to reveal those relationships. Though, the advantage this
provides also permits dynamic models to be utilized in further applications apart from
empirical models (Agarwal et al. 2002). As shown in Table 3, from the methodological
and epistemological aspects, these models can belong to post-positivism and pragmatism
worldviews, both of which depend on the values of the researchers so that the research
cannot be independent from them. These models rely on how reality is socially
constructed in ways that the study can only be carried out through the interactions
between the investigator and the respondents (Lincoln and Guba 2000). Since from an
ontological point of view, dynamic models are related to constructivism and post-
positivism worldviews, the aim of the modeler’s is to comprehend the multiple social

constructs regarding meaning and knowledge and that objective reality can be known.

3.4. Hybrid models. pro- participatory?
The participatory approach is a group of procedures that experts and stakeholders

use to cooperate in order to produce different scenarios (Alcamo et al. 2006). Often, the
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hybrid approach is used as a means to overcome the boundaries of the previous
approaches and to take advantage of their strengths (Rindfuss et al. 2004), trying to
include the strengths of each representation (Bonan et al. 2004). The result is a hybrid
model that usually is a mixture of other models (Wien et al. 2010).

Hybrid models of LUCC begin with an estimator model, but continue with
simulation patterns. The patterns utilize the estimation model’s parameters in order to
predict the spatial drivers of LUCC that can possibly occur within various scenarios
imposed exogenously (Irwin and Geoghegan 2001). Some examples of hybrid models
are: LUS (Land Use Scanner) (Hilferink and Rietveld 1999), SELES (Spatially Explicit
Landscape Event Simulator) (Haase et al. 2007), ProLand and UPAL (Sheridan et al.
2007), the Simulated Land Use Dependent on Edge-Effect Externalities (SLUDGE)
(Verburg, et al. 2006), Dyna-CLUE (Verburg et al. 2008), and MOLAND (Monitoring
Land Use Changes) (Engelen et al. 2007). Hybrid models try to combine some of these
techniques together, every one of which is a moderately discrete approach in and of itself.
A relevant example is the estuarine LUCC transition modeling which consists of an
explicit, cellular model connected to a system dynamics model. Other similar
combinations of these models include DELTA, which integrates sub-models that pertain
to human colonization and ecological interactions in order to estimate the amount of
deforestation that occurs in various immigration and land management scenarios. Further
examples that utilize different statistical techniques in combination with cellular and
system models consist of larger-scale models, such as GEOMOD?2 (Hall et al. 1995) and
the CLUE family (Veldkamp and Fresco 1996b). The latter is a cross-disciplinary
approach, integrating both socio-economic and biophysical aspects that can be described
as an integrated, spatially explicit, multi-scale, dynamic, and economy-environment-
society-land use model (Briassoulis 2000). Gibon et al. (2010) noted that it is necessary
that the socio-ecological processes in the modeling are taken into account and to
elaborate the scenarios with a hybrid or integrated and participatory approach that regards
the investigation of alternative futures inland change (Houet et al. 2010).

During the process of participatory research, participants actively create, modify,
and test the different forms of knowledge in an iterative research process, validating the

outcomes of the research (Hosseininia et al. 2013; Breu and Peppard 2001). Similarly, in
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hybrid models, modelers try to develop a combined method from two separate models in
order to offer a useful method that optimizes the performance models that track land-use
change. Such a combination can be found in the study of Soares-Filho et al. (2013), who
developed a hybrid analytical-heuristic method for calibrating land-use change models.
They constructed and applied a tool using a Genetic Algorithm in order to produce
optimal deforestation probability maps of that are generated using the Weights of
Evidence method in 12 different case-study sites in the Amazon in Brazil. The results
showed that by modeling deforestation after the Genetic Algorithm tool was coupled with
the Weights of Evidence method, was able to surmount fitting and improved the
validation of the fitness scores at a computational cost that was acceptable . There also is
an already established body of research that uses the participatory approach in developing
LUCMSs through the involvement of stakeholders in developing hybrids models. One
good example of that is the participatory model of land use change that is agent-based,
which is only one of a sequence of tools utilized in assessing integrated environmental
situations (Hisschemoller et al. 2001). Varieties of participatory agent-based modeling
are participant observation and 'companion modeling' (Barreteau et al. 2003), which
consists of members of the study population that become actively involved in model
design and its validation (e.g. Bharwani et al. 2005). For example, D'Aquino et al. (2003)
applied the method of companion modeling regarding management issues of land use in
Senegal. Ramanath and Gilbert (2004) reviewed different general methods to
participatory agent-based modeling.

Perhaps linear, static and dynamic models cannot be attributed or related to a
particular worldview, but according to some features, it can be claimed that the principles
of these models are closer to a participatory worldview than any other. Those features are
as follows:

- Using a combination of (usually two) methods,

- Believing that the complexity of the process is comparable to reality,

- The need for people with diverse expertise to participate in the process of
designing a model,

- The methodological imperative that requires the researcher to engage in research

with people rather than in doing research on people,
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- Avoiding purely top-down methods in model design, and

- Attention to non-biophysical variables in addition to the biophysical in a model.

Accordingly, this group mainly has post-positivism, participatory and pragmatism
worldviews regarding the methodological and epistemological aspects of models, while
from an ontological view, they mostly take constructivism, participatory and pragmatism
worldviews. Similar to pragmatism, hybrid modelers emphasize the creation of
knowledge from lines of points of action directed toward the types of “joint actions” or
“projects” that different people or groups are able to accomplish while working together
(Morgan 2007). However, like constructivism, reality is socially constructed in hybrid
models and how reality is perceived may change through and during the study’s process
as some of the perceptions may be in conflict with each other. Above all, hybrid modelers
use a combination of approaches available to understand the problem. In these models,
the effectiveness of the approach is becomes the criteria that is used to judge the worth of

research, instead of the findings corresponding to a “true” aspect of reality.

3.5. Integrative models: pro-pragmatism?

Integrated models generally arose in the 1960s in a "quantitative revolution" in
regional, urban, and geographic assessments. Integrated models, also called
comprehensive or general models, are based on integrating different elements of
modeling techniques more and more. Indeed, the most effective elements are put together
in order to answer the specific questions in ways that are the most appropriate.
Accordingly, in the pragmatic tradition, when we first face a problem, our first task is to
understand our problem by describing its elements and identifying their relationship.
Integrated models consider various environmental, social, economic, as well as
institutional aspects of an issue (Rotmans and van Asselt 2001). Increasingly, these
models are called integrated models. Even though in numerous cases, due to the fact that
level that they are integrated is sometimes low, they are more fittingly described as
hybrid models (Lambin et al. 2000). Numerous integrated models have been built since
the mid-1960s. They are spatial models, meaning that they focus on the interplays

between a range of dimensions within a spatial structure, but are not comprise of a

16



468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498

spatially explicit reference (for instance, energy-economic, demographic-economic,
environmental-economic, and so on). Some examples of these models are: IPDMSs
(Integrated planning and decision-making systems), MEPLAN, TRANUS (Tranus
Integrated Land Use and Transport Planning System) (U.S. E.P.A. 2000), CLUE-CR
(Veldkamp and Fresco 1996a), PLM (Patuxent Landscape Model) (Voinov et al. 1999),
UrbanSim (Waddell 2002), DSSM (Dynamic Settlement Simulation Model)
(Piyathamrongchai and Batty 2007), LUMOS (Land Use Modelling System) (Beurden et
al. 2007) and MAS (Multi-Agent Simulation) models (Loibl et al. 2007). Given the fact
that values, aesthetics, politics, and social and normative preferences are an integral part
of pragmatic research as well as how it is interpreted and utilized, it is noticeable that
integrative models are in line with this integral principle of pragmatism.

One of the general features of integrated models is their large-scale, besides their
integration characteristic discussed above. Considering the objective of the model, the
concept of integration differs and is represented in the integrated system (Briassoulis
2000). The complex nature of the causes, processes, and impacts of land change has
impeded the development of an integrated theory regarding land-use change (Lambin and
Geist 2006). Integrative models have been suggested as a key method in order to improve
how complex systems are managed and to provide information that is objective on the
options decision makers have regarding policy (van Ittersum and Brouwer 2010).

Therefore, the goal of these modelers, like pragmatists, is to search for useful
points and ways of connecting that also combine different techniques from different
disciplines or models in order to improve their knowledge and practical understanding of
reality. Both also believe that how we combine the different methods depends on the
time, place and circumstances of their political, economic and social aspects, all of which
can be mean different things from one another depending on time and place. Similar to
pragmatists who clarify a hypothesis by identifying its practical consequences when
applying integrated models, it is not necessary to combine all components of two or more
models either. Additionally, depending on the situation, certain techniques can be chosen.
The scientific method in integration models is similar to pragmatism, in which an
experimental methodology is conducted, and the application of the pragmatist maxim

reveals how hypotheses can be subject to experimental tests. Like pragmatism, someone
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who is knowledgeable of integrative models is an agent who obtains empirical support for
his/her beliefs by making experimental interventions in her surroundings and by learning
from the experiences that his/her actions elicit. Recently, many national and international
programs have enforced the necessity to produce models that involve different processes,
that ultimately aim to develop integrated models that are able to simulate the processes
and consequences that are important for certain landscapes or societies (Janetos 2004).
These models mainly have a pragmatism worldview of all the three ontological,
epistemological, and methodological aspects. Although, the former may have some

elements of the participatory paradigm.

4. Discussion and conclusions

As discussed in this paper, establishing multi-scale methodologies that lead to
enhancing and conducting evaluations, on both a small and large scale, is a critical
challenge that has not yet been addressed. Such development can provide the opportunity
to identify various influential drivers at different levels. As such, out of all of them, the
main obstacles is obtaining data of specific regional economies and policies. Information
that would be relevant on regional or local levels in order to establish how land claims are
allocated between different sectors (Azadi et al. 2011). Most modeling frameworks and
tools utilize a top-down method, which takes different the national scale and two different
spatially explicit scales, into account (Fig. 2). Consequently, driving social forces like
quality of living, official and unofficial social regulations, and the priorities and manners
of local people are usually not appropriately indicated in the majority of modeling
methods (Mudgal et al. 2008). However, such drivers can pose substantial effects on the
changes of land-use, especially at regional and local levels. In this regard, Azadi et al.
(2009b), Ho and Azadi (2010) also emphasize that, unlike environmental factors, for
example, socio-economic drivers are not usually used to assess the severity of
degradation. Also, they argue that if socioeconomic factors were taken into consideration,

the evaluation of degradation trends would relate more fully to real life.

[insert Fig. 2]
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Therefore, land-use modelers will not only need to take into consideration of the
relative importance of various drivers regarding land-use change (Agarwal et al. 2002),
but also will need to integrate various drivers to be able to provide important
improvements in land use models in the future. Issues like the integration of
socioeconomic and biophysical drivers, improving agent-based decision-making models,
enhancing the ability of modeling land-use decisions in terms of lag time and their
thresholds, and using mixed methods in multi-source integration of data (e.g., the remote
sensing using a census and data from household surveys) gain additional importance in
this context. As a result, assessing different LUCMs based on different knowledge claim
schools in this study showed that modelers have moved towards more qualitative
approaches. Denzin (2001) also says that "the days of naive realism and naive positivism
are over" and adds that "the criteria for evaluating research are now relative". Qualitative
researchers are primarily concerned with the process, rather than outcomes or products.
Yet, there is no escaping the reality in qualitative research that the researcher is an tool
that screens data through their own respective paradigms. Those that conduct research
cannot be objective and their research and intuition will be laden with values. It is
significant that research design and the researcher are separated in terms of their
paradigmatic, ontological, epistemological, and methodological aspects.

Therefore, evaluating different LUCMSs according to their philosophical routes
demonstrates that due to the complex nature of the LUCMs, there is no single paradigm
that could satisfactorily deal with all of the required methodological aspects. As a result,
it is necessary to combine the quantitative with qualitative paradigms in order to create
mixed method approaches within a systemic framework. The blending of both paradigms
can provide land use change modelers with the ability to cope with the limitation of the
existing methodology of LUCMs. Thus allowing for the collection multiple sets of data
that use different research methods, epistemologies, and methods in a manner that results
in a mixture or combination that consists of complementary strengths and does not have
any overlapping weaknesses (Johnson and Turner 2003). These models ought to rely on
scales that are global, regional and local, and on digital databases. Not only on land-cover
classes, but also on methods of land management (like fertilization, irrigation, etc.) that

allow for increased participatory, open GIS and data sharing. Furthermore, researchers of
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change in land-use will need to diversify their portfolios of analytic methods further: not
only with multiple regressions, but with narratives, system and agent-based approaches,
network analysis, etc., as well. (Lambin et al. 2006). On the other hand, when LUCMs do
not take the presence of nonlinearities and spatial and temporal lags into account, which
exist in environmental systems, their ability to understand the mutual complexities
between human and environmental systems may be significantly reduced.

All these reveal that there is a crucial necessity to produce a systemic framework
in order to collaborate and develop models (Agarwal et al. 2002) that can cope with the
complexities and interactions of various subsystems (biophysical as well as socio-
economic). Systemic models are more complex than others and the difficulty lies in
deciding how to incorporate such complexities. Nevertheless, once a systemic model is
constructed, if-then scenarios are able to be more readily formulated in comparison to
other modeling approaches that are not oriented systemically. Particularly, a systemic
approach is able to examine the feedback that exists within socio-ecological systems. In
this regard, many studies (Houet et al. 2010; Gaucherel et al. 2010; Valbuena et al. 2010;
Sohl et al. 2010 and Verburg et al. 2010; Courtney et al. 2015) emphasize the need to
combine modeling approaches and techniques in order to further reduce the uncertainties
of the future landscape. In order to monitor, model, and assess the interactions among and
in humans/nature, landscapes’ temporal dimensions have to be considered as significant
as its spatial dimensions. Communally, combining modelling approaches and techniques
opens up new avenues of research in the science of LUCMs. The systemic perspective
represents the dynamics of the links between the economy and environment that operate
from regional to global scales (Azadi and Filson 2009). It concerns issues such as
technological innovations, changes in policy and the institution, environmental
conservation, ownership of collective land resources, physical geography, dynamics of
rural-urban areas, and macroeconomic transformations (Briassoulis 2000). Hence, it
appears more sensible to use a systemic approach, rather than to rely on a single
theoretical schema, which will inevitably miss some dimensions of the case under study
or will be too complex to be easily understood and useful. Nonetheless, to achieve this
systemic model successfully, it is necessary to critically examine which paradigm is

suitable for which study scale. To do so, research paradigms help modelers conduct the
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study in a more effective method. According to Johnson and Christensen (2005), research
paradigms are perspectives that are based on a set of shared assumptions, values,
concepts, and practices, which would indeed be helpful in developing a systemic
approach when analyzing LUCMs. Most researchers agree that it is very important to
begin the research process by identifying the researcher’s own worldview (Creswell
2007) and the research paradigms that consist of different approaches and research
philosophies. The combination of all this helps researchers come to an understanding and
develop knowledge base regarding the topic being studied, which, in our case, is
developing a systemic approach within LUCMs. In the research paradigms, there are
different factors that affect the study’s ability to effectively apply a certain approach, like
time constraints, budget constraints, etc. By using the suitable research paradigm and
philosophies, researchers help exclude these factors from the study. Moreover, the
specialist needs more useful data in order to reinforce the utilization of LUCMs, the
integration of models that work at various levels, and the coupling of models that address
both positive and normative dimensions of land use and cover patterns, as well as its
dynamics (Brown et al. 2013). In this regard, when a modeler understands the philosophy
of a study, he is able to conceive the constraints of special methodologies. Which in turn
will help him to assess the various approaches and techniques and will prevent him from
making burdensome mistakes when selecting suitable methods or wasting his time
performing non-essential tasks (Easterby-Smith et al. 1997). If a researcher, for instance,
can evaluate the difference between a model constructed according to a positivist
paradigm and a model that is based on a post-positivist worldview, the suitability to the
model requirements will be noticable and selecting the most suitable approach can then
simply be specified. This was confirmed by Brown et al. (2013), who emphasized that it
is essential to select an appropriate modeling approach for scientific or decision-making
goals under consideration. This paper also described the major paradigms so that new
modelers can justify selecting and combining different paradigms that best fit their
proposed systemic approach in LUCC studies. Since research is described as a systemic
process (Wiersma and Jurs 2004), it would seem reasonable to make the future trend of

LUCMSs as systemic as possible. This study clearly discussed that the function of
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622  paradigms is more important than selecting an approach, yet does not effectively address
623  developing LUCMSs within a systemic framework.
624

22



625
626
627
628
629
630
631
632
633
634
635
636
637
638
639
640
641
642
643
644
645
646
647
648
649
650
651
652
653
654

References

Agarwal C, Green G M, Grove J M, Evans T P, Schweik C M (2002) A Review and
Assessment of Land-Use Change Models: Dynamics of Space, Time, and Human
Choice: Gen. Tech. Rep. NE-297. Newtown Square, PA: U.S. Department of
Agriculture, Forest Service, Northeastern Research Station. 61 p.

Alcamo J, Kok K, Busch G, Priess J A, Eickhout B, Rounsevell M, et al. (2006)
Searching for the Future of Land: Scenarios from the Local to Global Scale. In E.
F. Lambin & H. J. Geist (Eds.), Land-Use and Land-Cover Change: Local
Processes and Global Impacts (pp. 137-156). New York: Springer.

Azadi H, Ho P, Hasfiati L (2011) Agricultural land conversion drivers: A comparison
between less developed, developing and developed countries. Land Degradation
and Development 22: 596—604.

Azadi H, Filson G (2009) Comparative study of agricultural extension systems: A
systemic view. Outlook on Agriculture 38(4): 337-347.

Azadi H, Berg J, Shahvali M, Hosseininia G (2009a) Sustainable rangeland management
using fuzzy logic: a case study in southwest Iran. Agriculture, Ecosystems and
Environment 131 (3&4): 193-200.

Azadi H, van den Berg J, Ho P, Hosseininia G (2009b) Sustainability in rangeland
systems: introduction of fuzzy multi objective decision making. Current World
Environment 4 (1): 19-32.

Azadi H, Shahvali M, Berg J V D, Faghih N (2007) Sustainable rangeland management
using a multi-fuzzy model: How to deal with heterogeneous experts’ knowledge.
Journal of Environmental Management 83: 236-249.

Barreteau O, et al. (2003) Our companion modelling approach. Journal of Artificial
Societies and Social Simulation 6 (2): 1. http://jasss.soc.surrey.ac.uk/6/2/1.html
(accessed 19 February 2013).

Beurden J B, Bakema A, Tijbosch H (2007) A land-use modelling system for

environmental impact assessment: Recent applications of the LUMOS toolbox. In
E. Koomen, J. Stillwell, A. Bakema & H. J. Scholten (Eds.), Modelling Land-Use
Change Progress and Applications 90: 281-296. Dordrecht: Springer.

23



655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685

Bharwani S, Bithell M, Downing T E, New M, Washington R, Ziervogel G (2005) Multi-
agent modelling of climate outlooks and food security on a community garden
scheme in Limpopo, South Africa. Philosophical Transactions of the Royal
Society B 360: 2183-2194.

Bonan G B, Defries R S, Coe M T, Ojima D S (2004) Land Use and Climate. In G.
Gutman, A. C. Janetos, C. O. Justice, E. F. Moran, J. F. Mustard, R. R. Rindfuss,
D. L. Skole, B. L. Turner & M. A. Cochrane (Eds.). Land Change Science 6: 301-
317. Dordrecht: Kluwer Academic Publishers.

Breu K, Peppard J (2001) The participatory paradigm for applied information systems
research. The 9th European Conference on Information Systems Bled, Slovenia,
June 27-29.

Briassoulis H (2000) Analysis of Land Use Change: Theoretical and Modeling
Approaches. In S. L. Morgantown (Ed.), The Web Book of Regional Science
WYV: Regional Research Institute, West Virginia University.

Brown D G, Verburg P H, Pontius J R G, Lange M D (2013) Opportunities to improve
impact, integration, and evaluation of land change models. Current Opinion in
Environmental Sustainability 5(5): 452-457.
http://dx.doi.org/10.1016/j.cosust.2013.07.012 (accessed 8 February 2014).

CBES (Center for BioEnergy Sustainability, Oak Ridge National Laboratory) (2009)

Land-Use Change and Bioenergy: Report from the 2009 workshop,
ORNL/CBES-001, U.S. Department of Energy, Office of Energy Efficiency and
Renewable Energy and Oak Ridge National Laboratory, Center for Bioenergy

Sustainability (http://www.ornl.gov/sci/ees/cbes)

Chapin F S J (1965) A Model for Simulating Residential Development. Journal of the
American Institute of Planners, 31(2): 120-136.

Chinneck J W (2001) Practical Optimization: A Gentle Introduction. Systems and
Computer Engineering. Ontario: Carleton University.

Coll R K, Chapman R (2000) Choices of methodology for cooperative education
researchers. Asia-Pacific Journal of Cooperative Education, 1: 1-8.
http://www.apjce.org/volume 1/volume 1 1 pp 1 8.pdf (accessed 25 July
2013).

24



686
687
688
689
690
691
692
693
694
695
696
697
698
699
700
701
702
703
704
705
706
707
708
709
710
711
712
713
714
715
716

Courtney M, Regan CM, Bryan BA, Connor JD, Meyer WS, Ostendorf B, Zhu Z, Bao C
(2015) Real options analysis for land use management: Methods, application, and
implications for policy. Journal of Environmental Management 161: 144—152.

Cousins C (2002) Getting to the “truth™: Issues in contemporary qualitative research.
Australian Journal of Adult Learning 42: 192-204.

Coyle J, Williams B (2000) An exploration of the epistemological intricacies of using
qualitative data to develop a quantitative measure of user views of health care.
Journal of Advanced Nursing 31(5): 1235-1243.

Creswell JW (1994) Research Design: Qualitative, Quantitative, and Mixed Methods
Approaches (2nd ed.). London: Sage.

Creswell JW (2003) Research Design: Qualitative, Quantitative, and Mixed Methods
Approaches. Thousand Oaks, CA: Sage.

Creswell JW (2007) Qualitative Inquiry and Research Design Choosing among Five
Approaches (secound ed.). California: Sage.

Creswell JW (2009) Research Design: Qualitative, Quantitative, and Mixed Methods
Approaches Third Edition (Thired ed.). London: Sage.

D'Aquino P, Le Page C, Bousquet F, Bah A (2003) Using self-designed role-playing
games and a multi-agent system to empower a local decision-making process for
land use management: The SelfCormas experiment in Senegal. Journal of
Artificial Societies and Social Simulation 6(3): 5.
http://jasss.soc.surrey.ac.uk/6/3/5.html (accessed 5 May 2013).

Denzin NK (2001) The Seventh Moment: Qualitative Inquiry and the Practices of a More
Radical Consumer Research. The Journal of Consumer Research 28(2): 324-330.

Engelen G, Lavalle C, Barredo JI, Meulen M, White R (2007) The MOLAND Modelling
Framework For Urban and Regional Land-Use Dynamics. In E. Koomen, J.
Stillwell, A. Bakema & H. J. Scholten (Eds.), Modelling Land-Use Change
Progress and Applications 90: 297-319. Dordrecht: Springer.

Easterby-Smith M, Thorpe R, Lowe A (1997) Management Research: an Introduction.
London: Sage.

Gaucherel C, Griffon S, Misson L, Houet T (2010) Combining process-based models for

future biomass assessment at landscape scale. Landscape Ecology 25(2): 201-215.

25



717
718
719
720
721
722
723
724
725
726
727
728
729
730
731
732
733
734
735
736
737
738
739
740
741
742
743
744
745

Gibon A, Sheeren D, Monteil C, Ladet S, Balent G (2010) Modelling and simulating
change in reforesting mountain landscapes using a social-ecological framework.
Landscape Ecology 25(2): 267-285.

Greenfield BH, Greene B, Johanson MA (2007) The use of qualitative research
techniques in orthopedic and sports physical therapy: Moving toward
postpositivism. Physical Therapy in Sport 8(1): 44-54.

Haase D, Holzkdmper A, Seppelt R (2007) Beyond growth? Decline of the urban fabric
in eastern Germany. In E. Koomen, J. Stillwell, A. Bakema & H. J. Scholten
(Eds.), Modelling Land-Use Change Progress and Applications 90: 339-353.
Dordrecht: Springer.

Hall CAS, Tian H, Qi Y, Pontius G, Cornell J (1995) Modelling spatial and temporal
patterns of tropical land use change. Journal of Biogeography 22(4/5): 753-757.

Heistermann M, Miiller C, Ronneberger K (2006) Land in sight? Achievements, deficits
and potentials of continental to global scale land-use modeling. Agriculture,
Ecosystems and Environment 114: 141-158.

Hilferink M, Rietveld P (1999) LAND USE SCANNER: An integrated GIS based model
for long term projections of land use in urban and rural areas. Journal of
Geographical Systems 1: 155-177.

Hill DM (1965) A growth allocation model for the Boston region. Journal of the
American Institute of Planners 31(2): 111-120.

Hillier FS, Lieberman GJ (1980) Introduction to Operations Research. Oakland , Ca.:
Holden-Day, Inc.

Hisschemoller M, Tol RSJ, Vellinga P (2001) The relevance of participatory approaches
in integrated environmental assessment. Integrated Assessment 2: 57-72.

Ho P, Azadi H (2010) Rangeland degradation in North China: Perceptions of pastoralists.
Environmental Research 110(3): 302-307.

Hope KW, Waterman H (2003) Praiseworthy pragmatism? Validity and action research:
methodological issues in nursing research. Journal of Advanced Nursing 44(2):

120-127.

26



746
747
748
749
750
751
752
753
754
755
756
757
758
759
760
761
762
763
764
765
766
767
768
769
770
771
772
773
774

Hosseininia G, Azadi H, Zarafshani K, Samari D, Witlox F (2013) Sustainable rangeland
management: Pastoralists’ attitudes toward integrated programs in Iran. Journal of
Arid Environments 92: 26-33.

Houet T, Verburg PH, Loveland TR (2010) Monitoring and modelling landscape

dynamics. Landscape Ecol 25: 163-167.

Houet T, Hubert-Moy L (2006) Modeling and projecting land-use and land-cover
changes with a cellular automaton in considering landscape trajectories: an
improvement for simulation of plausible future states. EARSeL. eProceedings
5(1): 63-76.

Irwin EG, Geoghegan J (2001) Theory, data, methods: developing spatially explicit
economic models of land use change. Agriculture, Ecosystems & Environment
85(1-3): 7-24.

Janetos AC (2004) Research Directions in Land-Cover and Land-Use Change. In G.
Gutman, A. C. Janetos, C. O. Justice, E. F. Moran, J. F. Mustard, R. R. Rindfuss,
D. L. Skole, B. L. Turner & M. A. Cochrane (Eds.), Land Change Science 6: 449-
458. Dordrecht: Kluwer Academic Publishers.

Johnson RB, Turner LA (2003) Data collection strategies in mixed methods research in
Tashakkori, A., & Teddlie, C. (Eds.). Handbook of mixed methods in the social
and behavioral sciences. Thousand Oaks, CA: Sage.

Johnson B, Christensen L (2010) Educational Research: Quantitative, Qualitative, and
Mixed Approaches. UK: SAGE.

Koomen E, Rietveld P, Nijs TD (2008) Modelling land-use change for spatial planning
support. The Annals of Regional Science 42(1): 1-10.

Koomen E, Stillwell J (2007) Modelling land-use change. In E. Koomen, J. Stillwell, A.
Bakema & H. J. Scholten (Eds.), Modelling Land-Use Change Progress and
Applications 90: 1-21. Dordrecht: Springer.

Lambin EF, Geist H (2006) Conclusion. In E. F. Lambin & H. Geist (Eds.), Land-Use
and Land-Cover Change: Local Processes and Global Impacts (pp. 173-176). New
York: Springer.

27



775
776
777
778
779
780
781
782
783
784
785
786
787
788
789
790
791
792
793
794
795
796
797
798
799
800
801
802
803
804
805

Lambin EF, Geist H, Rindfuss RR (2006) Introduction: Local Processes with Global
Impacts. In E. F. Lambin & H. Geist (Eds.), Land-Use and Land-Cover Change:
Local Processes and Global Impacts (pp. 1-8). New York: Springer.

Lambin EF, Geist HJ, Lepers E (2003) Dynamics of land-use and land-cover change in
tropical regions. Annu. Rev. Environ. Resour 28: 205-41.

Lambin EF, Rounsevell MDA, Geist HJ (2000) Are agricultural land-use models able to
predict changes in land-use intensity? Agriculture, Ecosystems & Environment
82(1-3): 321-331.

Lee DK, Park C, Tomlin D (2015) Effects of land-use-change scenarios on terrestrial
carbon stocks in South Korea. Landscape and Ecological Engineering 11 (1): 47-
59.

Lincoln YS, Guba EG (2000) Paradigmatic controversies, contradictions, and emerging
confluences. In N. K. Denzin & Y. S. Lincoln (Eds.), Handbook of qualitative
research 2: 163-188. Thousand Oaks, CA: Sage.

Loibl W, Toétzer T, Kostl M, Steinnocher K (2007) Simulation of polycentric urban
growth dynamics through Agents: Model concept, application, results and
validation. In E. Koomen, J. Stillwell, A. Bakema & H. J. Scholten (Eds.),
Modelling Land-Use Change Progress and Applications 90: 219-235. Dordrecht:
Springer.

Loonen W, Heuberger P, Kuijpers-Linde M (2007) Spatial Optimisation in Land-Use
Allocation Problems. In E. Koomen, J. Stillwell, A. Bakema & H. J. Scholten
(Eds.), Modelling Land-Use Change Progress and Applications 90: 147-165.
Dordrecht: Springer.

Lor P (2011) Preparing for research: metatheoretical considerations. Retrieved from
http://pjlor.files.wordpress.com/2010/06/chapter-3-draft-2011-04-152.pdf
(accessed 23 March 2013).

Lundell M (1996) A Qualitative Model of Physical Fields. Paper presented at the
National Conference on Artificial Intelligence (AAAI).

Mackenzie n, Knipe S (2006) Research dilemmas: Paradigms, methods and methodology.
Educational Research, Vol 16.
http://www.iier.org.au/iier 1 6/mackenzie.html (accessed 10 February 2013).

28



806
807
808
809
810
811
812
813
814
815
816
817
818
819
820
821
822
823
824
825
826
827
828
829
830
831
832
833
834
835

Mertens DM (2005) Research methods in education and psychology: Integrating diversity
with quantitative and qualitative approaches. (2nd ed.) Thousand Oaks: Sage.

Mertens DM (1998) Research methods in Education and Psychology: Integrating
diversity with quantitative and qualitative approaches. Sage Publications, Inc.

Miles MB, Huberman AM (1994) Qualitative Data Analysis: An Expanded Sourcebook
(2nd ed.). Thousand Oaks, CA: Sage.

Mitsuda Y, Ito S (2011) A review of spatial-explicit factors determining spatial
distribution of land use/land-use change. Landscape and Ecological Engineering 7
(1): 117-125.

Morgan DL (2007) Paradigms lost and pragmatism regained: Methodological
implications of combining qualitative and quantitative methods. Journal of Mixed
Methods Research 1(1): 48-76.

Mudgal S, Benito P, Koomen E (2008) Modelling of EU Land-Use Choices and
Environmental Impacts-Scoping Study. Am sterdam BIO Intelligence Service &
SPINLAB, Vrije Universiteit, Amsterdam.

Nkonya E, Karsenty A, Msangi S, Souza JRC, Shah M, Braun JV, Galford G (2012)
Sustainable land use for the 21st century. United Nations Department of
Economic and Social Affairs: Division for Sustainable Development.

O’Callaghan JR (1995) NELUP: an introduction. Journal of Environmental Planning and
Management, 38(1): 5-20.

Overmars KP, de Groot WT, Huigen MGA (2007) Comparing inductive and deductive
modeling of land use decisions: Principles, a model and an illustration from the
Philippines. Human Ecology 35: 439-452.

Pack JR (1978) Urban models: diffusion and policy application. Philadelphia: regional
science research institute.

Parker DC, Manson SM, Janssen MA, Hoffmann MJ, Deadman P (2003) Multi-Agent
Systems for the Simulation of Land-Use and Land-Cover Change: A Review.
Annal of the Association of American Geographers 93(2): 314-337.

Piyathamrongchai K, Batty M (2007) Integrating Cellular Automata and Regional
Dynamics Using GIS: The Dynamic Settlement Simulation Model (DSSM. In E.

29



836
837
838
839
840
841
842
843
844
845
846
847
848
849
850
851
852
853
854
855
856
857
858
859
860
861
862
863
864

Koomen, J. Stillwell, A. Bakema & H. J. Scholten (Eds.), Modelling Land-Use
Change Progress and Applications 90: 259-277. Dordrecht: Springer.

Ponterotto JG (2005) Qualitative Research in Counseling Psychology: A Primer on
Research Paradigms and Philosophy of Science. Journal of Counseling
Psychology 52(2): 126-136.

Ramanath AM, Gilbert N (2004) The design of participatory agent-based social
simulations. Journal of Artificial Societies and Social Simulation 7(4), 1.
http://jasss.soc.surrey.ac.uk/7/4/1.html (accessed 9 July 2013).

Rindfuss RR, Walsh SJ, Turner II BL, Moran EF, Entwisle B (2004) Linking Pixels and
People. In G. Gutman AC, Janetos CO, Justice EF, Moran JF, Mustard RR,
Rindfuss DL, Skole BL, Turner MA. Cochrane (Eds.), Land Change Science 6:
379-394. Dordrecht: Kluwer Academic Publishers.

Rotmans J, van Asselt MBA (2001) Uncertainty management in integrated assessment
modeling: towards a pluralistic approach. Envrionmental Monitoring and Assessment 69:
101-130.

Schuette DR (1978) A Linear Programming Approach to Graduation Transactions of
Society of Actuaries 30: 407-445.

Sheridan P, Schroers JO, Rommelfanger E (2007) GIS-based modelling of land-use
systems. In E. Koomen, J. Stillwell, A. Bakema & H. J. Scholten (Eds.),
Modelling Land-Use Change Progress and Applications 90: 375-389. Dordrecht:
Springer.

Soares-Filho B, Rodrigues H, Follador M (2013) A hybrid analytical-heuristic method for
calibrating land-use change models. Environmental Modelling & Software 43:
80-87.

Sohl TL, Loveland TR, Sleeter BM, Sayler KL, Barnes CA (2010) Addressing
foundational elements of regional land-use change forecasting. Landscape
Ecology 25(2): 233-247.

Tekin AK, Kotaman H (2013) The Epistemological Perspectives on Action Research.
Journal of Educational and Social Research 3 (1): 81-91.

30



865
866
867
868
869
870
871
872
873
874
875
876
877
878
879
880
881
882
883
884
885
886
887
888
889
890
891
892
893
894
895

Terry L, Sohl TL, Claggett PR (2013) Clarity versus complexity: Land-use modeling as a
practical tool for decision-makers. Journal of Environmental Management 129:
235-243.

U.S.E.P.A. (2000) Projecting Land-Use Change: A Summary of Models for Assessing
the Effects of Community Growth and Change on Land-Use Patterns.
EPA/600/R-00/098. U.S. Environmental Protection Agency, Office of Research
and Development, Cincinnati, OH.

Valbuena D, Verburg PH, Bregt AK, Ligtenberg A (2010) An agent-based approach to
model land-use change at a regional scale. Landscape Ecol 25(2): 185-199.

Van Deursen WPA (1995) Geographical Information Systems and Dynamic Models.
Utrecht Rotterdam.

van Ittersum M, Brouwer FM (2010) Introduction. In F. M. Brouwer & M. van Ittersum
(Eds.), Environmental and Agricultural Modelling: Integrated Approaches for
Policy Impact Assessment (pp. 1-7). Dordrecht Heidelberg London New York:
Springer.

Veldkamp A, Lambin EF (2001) Editorial; predicting land-use change. Agric Ecosyst
Environ 85: 1-6.

Veldkamp A, Fresco LO (1996a) CLUE-CR: An integrated multi-scale model to simulate
land use change scenarios in Costa Rica. Ecological Modelling 91(1-3): 231-248.

Veldkamp A, Fresco LO (1996b) CLUE: A conceptual model to study the conversion of
land use and its effects. Ecological Modelling 85(2/3): 253-270.

Verburg PH, van Berkel DB, van Doorn AM, van Eupen M, van den Heiligenberg
HARM (2010) Trajectories of land use change in Europe: a model-based
exploration of rural futures. Landscape Ecology 25(2): 217-232.

Verburg PH, Bakker M, Overmars KP, Staritsky I (2008) Landscape level simulation of
land use change. In K. Helming, M. Pérez-Soba & P. Tabbush (Eds.),
Sustainability Impact Assessment of Land Use Changes: 211-227. Heidelberg
Springer.

Verburg PH, Kok K, Pontius JRG, Veldkamp A (2006) Modeling Land-Use and Land-
Cover Change In E. F. Lambin & H. Geist (Eds.), Land-Use and Land-Cover
Change: Local Processes and Global Impacts: 117-136. New York: Springer.

31



896
897
898
899
900
901
902
903
904
905
906
907
908
909
910
911
912
913
914
915
916
917
918
919
920
921
922
923
924
925

Verburg PH, Rounsevell MDA, Veldkamp A (2006) Scenario-based studies of future
land use in Europe. Agriculture, Ecosystems & Environment 114(1): 1-6.

Verburg PH, Schot PP, Dijst MJ, Veldkamp A (2004) Land use change modelling:
current practice and research priorities. Geojournal 61: 309-324

Verburg PH, de Konig GHJ, Kok K, Veldkamp A, Fresco LO, Bouma J (1997)
Quantifying the Spatial Structure of Land Use Change: An Integrated Approach.
Paper presented at the Conference on Geo-Information for Sustainable Land
Management.

Voigt B, Troy A (2008) Land-Use Modeling. In J. Sven Erik & F. Brian (Eds.),
Encyclopedia of Ecology: 2126-2132. Oxford: Academic Press.

Voinov A, Costanza R, Wainger L, Boumans R, Villa F, Maxwell T, et al. (1999)
Patuxent landscape model: integrated ecological economic modeling of a
watershed. Environmental Modelling and Software 14(5): 473-491.

Waddell P (2002) UrbanSim; modeling urban development for land use, transportation
and environmental planning. Journal of the American Planning Association 68(3):
297-314.

Wainger LA, Rayburn J, Price EW (2007) Review of Land Use Change Models
Applicability to Projections of Future Energy Demand in the Southeast United
States. Southeast Energy Futures Project, UMCES (CBL) Ref. No. 07-187.
http://waingerlab.cbl.umces.edu/docs/LUchangeReviewRevised.pdf (accessed 9
February 2014).

Wicke B, Verweij P, Meijl HV, Vuuren DPV, Faaij APC (2012) Indirect land use

change: review of existing models and strategies for mitigation. Biofuels 3(1): 87-
100. doi:10.4155/bfs.11.154

Wien JE, Rizzoli AE, Knapen R, Athanasiadis I, Janssen S, Ruinelli L, et al. (2010) A
Web-Based Software System for Model Integration in Impact Assessments of
Agricultural and Environmental Policies. In F. M. Brouwer & M. van Ittersum
(Eds.), Environmental and Agricultural Modelling: Integrated Approaches for
Policy Impact Assessment: 207-234. Dordrecht Heidelberg London New York:
Springer.

32



926
927
928
929
930
931
932

933

934

Wiersma W, Jurs SG (2004) Research methods in education: an introduction. Pearson
Education Inc.

Witlox F (2005) Expert systems in land-use planning: An overview. Expert Systems with
Applications 29(2): 437-445.

Witlox F, Antrop M, Bogaert P, De Maeyer P, Derudder B, Neutens T, Van Acker V, Van
De Weghe N (2009) Introducing functional classification theory to land use planning
by means of decision tables. Decision Support Systems 46(4): 875-881.

33



935  Fig. 1. Classification of the LUCMs based on different knowledge schools.
936  Fig. 2. Top-down allocation procedure (Adapted from Verburg et al. 2004).

34



