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In terms of the game theory, we might say the universe is so constituted as to maximize play.
The best games are not those in which all goes smoothly and steadily toward a certain conclusion, but
those in which the outcome is always in doubt. Similarly, the geometry of life is designed to keep us at
the point of maximum tension between certainty and uncertainty, order and chaos.
Every important call is a close one. We survive and evolve by the skin of our teeth.
We really wouldn't want it any other way.
– George Leonard

This worldly life is nothing more than games and a diversion,
and the abode of the hereafter is certainly far better for the pious.
Have you then use your reason (and not comprehend)?
Q.S. Al An’am: 32
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1 INTRODUCTION TO THIS STUDY:
PROBLEM, GOALS AND
METHODOLOGY

1.1

General Background of the Study

Recent land and property development processes are generally characterised as complex
processes that involve conflict and high risk (Allen, 1997; Byrne, 2003). A major cause of this conflict
is the involvement of multiple stakeholders, all of whom have their own preferences and goals that
are both contradictory to and interdependent of one another (De Roo, 2004). Usually, the decision
of one stakeholder will influence the decision of other stakeholders, and vice versa. As a result of
this cross‐influence, the decision‐making process in land and property development often becomes
overly complicated.
Obtaining a proper explanation in order to improve our understanding of the complexity of
land and property development—particularly with respect to the interaction between stakeholders
in decision‐making processes—is clearly important. We must study the rationale of certain
stakeholder behaviours and/or strategies as well as the patterns of those behaviours and strategies,
including the way in which stakeholders respond to decisions made by other parties who are
involved in the development process. Previously, research regarding these issues has been
performed from various perspectives. As we will argue more extensively later in this thesis, for urban
studies, one of the most significant perspectives concerns the institutional economics approach in
planning, as decision‐making in this field is heavily influenced by its institutional setting on one hand
and social and economic considerations on the other hand (see e.g. Webster and Lai, 2003). At the
same time, interest is growing in both the professional and scientific literature with respect to the
methodology for decision‐making analyses through which the complexity of development processes
can be understood and managed more effectively (e.g. Arentze & Timmermans, 2003; Mayer et al. ,
2005; Syms, 1999). However, in the Dutch context, despite some minor attempts, formal models of
decision‐making processes in urban development that explicitly incorporate recent shifts in planning
practice (notably the introduction of the new planning law in 2008 and major changes in view of the
instrument of value capturing in land policies; see Chapter 2) have not yet been developed. The
1
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state‐of‐the‐art with respect to knowledge of the changes in these planning practices has not yet
been incorporated in the formal analysis of the mechanisms of conflicts and collaborations among
stakeholders, nor has it been incorporated in an analysis of the strategic behaviour of various
stakeholders. Consequently, recent insights into collaborative decision‐making in urban
development are currently not used—or are used insufficiently—to support the design of optimal
processes of collective action in land and property development.
The aim of this dissertation is to increase our understanding of decision‐making processes
for urban planning systems in general, with a particular emphasis on land and property
development. This study is primarily focused on the issue of public infrastructure provisions via value
capturing. Value capturing can be defined as a process of recouping some or all of the value that a
public infrastructure generates for private land and property owners to be used as an additional
financing to develop that public infrastructure. The choice to focus on this particular topic is based
on two principal reasons. First, using value capturing as an additional means of generating funding
for public infrastructure provision has (again) become an important issue on the planning agenda in
the past years, and this is due in part to the current financial crisis. This issue is often central to
discussions regarding land and property development and therefore warrants more intense debate
and scrutiny. Second, the instrument of value capturing significantly contributes to the complexity of
decision‐making, as successfully applying this instrument requires collaboration between—or
collective action by—two or more different parties from the public and private sectors, all of whom
clearly have different agendas. This issue will be discussed in further detail in Chapter 2.
In this study, game‐theoretical approaches were used as analytical frameworks and tools. It
is expected that (and we investigated whether) the game‐theoretical approach and perspective used
in this study can play an important role, particularly in explaining the strategic behaviour of
stakeholders in decision‐making processes.
In this introduction chapter, the theoretical and analytical framework used for this study is
elaborated, building primarily upon debates in planning with respect to the complexity issues and
the application of the new institutional economics approach. The issue of public infrastructure
provision using value capturing—which is used as the primary context and problem case for this
study—deserves a much broader elaboration than can be provided in this chapter; therefore,
Chapter 2 provides this elaboration.
Chapter 1 is structured as follows. Section 1.2 focuses on the debates in planning that are
related to the issue of complexity, followed by a brief discussion of the institutional approach in
spatial planning analysis in Section 1.3. The general arguments for using a game‐theoretical
approach in this study are presented in Section 1.4; these arguments are later summarised more
specifically in the journal articles that serve as analytical chapters in this dissertation (Chapters 3
through 8). Section 1.5 presents the study’s primary research questions and objectives, and Section
1.6 describes the relevance of this study in both scientific and social terms. Section 1.7 provides the
general design of this study. Finally, Section 1.8 summarises the overall organisation of the
dissertation.
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Urban Planning and Complexity: A Brief Discussion of a Planning
Debate

Complexity is an important issue in planning, as many situations that involve planning have
become increasingly complicated and complex. However, an attempt to make a perceived
conceptualisation in order to improve our understanding of the basic notions surrounding the issue
of complexity in planning has not received serious attention (De Roo, 2001). In particular, it is
difficult to define precisely what is meant by ‘complexity’. Although many definitions have been
suggested, these definitions are either applicable to only a highly restricted domain (e.g. computer
science, physics or genomics) or are too vague, rendering them nearly meaningless (Edmonds, 1996).
However, by looking back at the original literal meaning of the term ‘complexity’, it should be
possible to grasp a common core in its meaning. Etymologically, the term complexity has its roots in
the Latin word complexus, which connotes the word entwined and can also be defined as twisted
together. Given this denotation, complexity always refers to situations in which at least two
components are interrelated and connected or cannot be separated from one another. The
dimensions of distinctions and connections are then important in characterising a system as
complex. The distinction dimension in a system corresponds to the problem of heterogeneity,
meaning that each component in that system behaves differently, perhaps even conflicting with one
another. The connection dimension refers to the fact that at the same time, the various components
are also not independent of one another with respect to their position and behaviour. In other
words, a situation containing significant interdependencies exists. This interdependency is expected
to determine the features and performance of the individual components. The simultaneous
presence of at least both dimensions is essential for understanding a complex system. It also means
that a system cannot be defined as complex if it contains perfect order, implying that a system
contains only the connection dimension without the distinction dimension, or perfect disorder,
implying that a system contains only the distinction dimension without the connection dimension.
Consequently, by definition, a situation can only be recognised as complex when it is in a state
between order and disorder—in other words, on the edge of chaos (Waldrop, 1993).
The following question now arises: how is the above‐described notion of complexity applied
in planning processes? Planning processes can be considered an attempt to determine—in a rational
way—a certain highest‐desired future condition based on a certain present observed conditions and
situations (Paris, 1982). The classic opinion is that planning practices usually focus on interventions
that are based on pursued goals and the best possible outcomes for the specific planning problem at
hand, generally applying legal procedures that are assumed to be independent of contextual
influences. In this object‐oriented view of planning, complexity is dominantly perceived as typical for
situations that are unmanageable, uncertain or unpredictable; hence, complexity is linked to
planning as an obstacle that should be avoided rather than unravelled. As a consequence, the issue
of complexity usually has a negative connotation in planning processes and is viewed as a barrier to
achieving satisfactory results.
In theoretical debates regarding planning, the notion of complexity as a barrier to planning
can also be recognised. Earlier debates in planning theory—which can be seen as a legacy of the
post‐war period—focus on a straightforward, rational approach (Taylor, 1998; Allmendinger, 2002).
Using this approach, planners have strived to contribute to urban development by creating and
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shaping desired physical environments based on the assumption that it is possible to both predict
and control future events. The role of planners in this approach is essential, as they are considered
to be the experts who plan the future. This approach is regarded as rational in technical terms as
well as in procedural and functional terms (De Roo, 2001).
Given an increasing sense of realism in planning and many prior disappointing planning
results, an increasing number of arguments have been presented in the literature to criticise the
traditional approach and to launch or support new perspectives towards planning (Faludi, 1973).
These new perspectives have caused a shift in attitudes with respect to both planning theory and
planning practice. Central to this shift is the recognition of the importance of social contexts
(Allmendinger, 2002). Together with this shift, interest in the knowledge of networks of—and the
interaction between—stakeholders or actors involved in planning processes has also increased.
Today, planning is not considered to be a process of merely seeking the means to maximise planning
goals; rather, planning is moving towards identifying ways to merge/intertwine the interests of
stakeholders and optimise the results of their decision‐making through mediation, deliberation and
negotiation. This also implies a shift from direct control by a planning authority towards self‐
regulation by the stakeholders themselves. The other important component in this paradigm shift is
that the decision‐making power and the behaviour of multiple interdependent stakeholders must be
acknowledged, as they will become increasingly indispensable in planning analysis.
Another important theoretical concept that arises from this paradigm shift is the new form
of rationality in planning called communicative rationality (Healey, 1992; Innes, 1998), in which the
inter‐subjective interaction is captured to explain the idea that stakeholders are more than mere
objects in planning and that they play important roles by engaging in such interactions. Ultimately,
these interactions will determine the outcome of planning. Some argue that the communicative turn
in planning provides an adequate frame for planners to better cope with growing societal complexity
and to address uncertainty as part of the planning process (e.g. Tewdwr‐Jones & Allmendinger,
1998). This frame forces planning analysts to intensely scrutinise the interactions between
multitudes of stakeholders who have different interests and concerns in the decision‐making process
related to a planning issue. Hence, the notion of complexity—particularly in terms of complex
decision‐making processes—has become an inherent component of planning analysis from the
communicative rationality perspective.
Theoretical discussions regarding this approach have drawn attention to collaboration,
stakeholder participation and the constellation of networks, less in terms of instruments and settings
to create a better outcome of a given planning process, than in terms of the outcome of the process
itself (De Roo, 2003). To a certain extent, this development has moved even further into what is now
considered to be a post‐modern perspective. In this perspective, planning can no longer hope for
certainty, as certainty cannot be expected to exist in reality; consequently, by definition, an analysis
based on certainty cannot lead to a true understanding of the world in which the planning process
occurs. In its more radical form, reality is therefore seen as a subject of discourse that is subject to
doubt, as it is defined by—and depends on—the different ideals and perceptions of various
stakeholders (Allmendinger, 2001). Criticism of this perspective emphasises that it would ultimately
yield nothing but scepticism and therefore result in a rather fatalistic view of the world. With respect
to the previous statement, if technical rationality—together with procedural and functional
rationality in traditional planning approaches—can be considered a process that observes the world
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in total order, it can be stated that the radical version of communicative rationality in fundamental
post‐modern planning approaches envisages the world as being in total disorder. As discussed
above, complexity in a system exists when the system is in a state between order and disorder and is
in neither perfect order nor disorder. Accordingly, the world that is foreseen using either the
traditional planning approaches or the fundamental post‐modern communicative approaches
cannot be recognised as being a complex system.
Nevertheless, as discussed above, the communicative approach has opened up a new focus
on analysis in planning to deal with the complexity issue. Building upon this focus, recent
developments in planning studies have applied different analytical approaches with different focuses
to deal with complexity in various planning contexts. Some approaches focus on the stakeholders’
cognitive characteristics and adaptive abilities within the stakeholders’ limitations (see e.g.
Heidemann, 1992; Grunau and Schonwandt, 2006). Other approaches focus on the co‐evolution of
interaction patterns of stakeholders and the process of planning (see e.g. Celino and Concilio, 2006;
Bertolini, 2007). There are also some approaches attempt to examine the socio‐spatial relationship
of stakeholders in order to give meaning to the discourse of space and hence the process of planning
(e.g. Murdoch, 2004; Massey 2005; Doak and Karadimitriou, 2007). Another prominent analytical
approach that bridging the idea of complexity and planning can be found in institutional economics.
This approach is notably prominent because it perceives a city or society as a result of interactions
between multiple interrelated actors that are materialised in—and affected by—the institutions that
surround planning and decision‐making.
In this study, the choice was made to build upon the institutional economics approach in
order to analyse stakeholders’ interactions in decision‐making processes in urban development. It
will be argued later that with an additional perspective drawn from game theory, it is possible to
improve the explanation and understanding of the connection between planning and complexity as
provided by the institutional economics approach. This notion will be discussed further in the next
section.

1.3

Institutions: A Brief Discussion of the Theoretical and Analytical
Context

The emergence and exploration of the institutional economics approach resulted from
severe criticism of the traditional neo‐classical economics approach and has significantly influenced
planning scholars in their discussion of complexity issues. For example, Alexander (e.g. 1992, 2001),
Healey (e.g. 1992, 1999), Webster (e.g. 2002, 2005), Lai (e.g. 2005, 2006) and Needham (e.g. 2006)
attempted to translate institutional economics into planning language. Institutional issues—
including property rights, transaction costs, inter‐agent relationship and collective action—have
been examined in an attempt to explain the differences between the way in which cities actually
function and the way in which planners and planning systems have typically assumed that they
function. The basic idea of this approach is that cities grow and spatial patterns emerge as a result of
the interaction between multiple interrelated actors who are affected by such institutions.
In a broad sense, an institution can be defined as an imperative and mechanism that people
form and use to organise and structure their interactions with specific constraints and directives.
Understanding institutions and the way in which they influence behaviour is clearly an important
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endeavour. Institutions and institutional change shape the way in which society evolves over time
and undoubtedly affect the performance of human activities in their social, political and economic
exchanges. Any particular situation that brings either opportunities or constraints to societies will be
influenced by the rules—or absence of rules—that structure the situation (i.e. by a set of
institutions).
Although the importance of institutions has long been recognised, both traditional planning
and neo‐classical economics have ignored them in their analyses, partly because it was believed to
be difficult to incorporate the variables of institutions into testable theories. The neo‐classical
economic theory is based on the fundamental assumptions of scarcity and competition. The
harmonious outcome that follows from this theory is a consequence of its assumptions regarding
frictionless exchange processes in which cost‐free property rights are perfectly assigned and
information is likewise acquired without cost. Moreover, neo‐classical economics does not provide
much understanding of the nature of human coordination and cooperation.
The initial attempts to incorporate issues related to institutions in economics began with the
1899 works of Thorstein Veblen, in which he discussed conspicuous consumption in his book The
Theory of the Leisure Class. In his book, Veblen argued that an agent’s economic decision is driven by
the vestiges of his/her social stratification in society rather than by his/her attempt to maximise
profit in terms of economic utility (Veblen, 1899). With this framework, Veblen provided concrete
empirical evidence based on systematic arguments regarding the importance and effect of
institutions in economic processes and decisions. Other scholars, including Wesley Mitchell, John R.
Commons, Clarence Ayres, Adolf Berle and John Kenneth Galbraith, have elaborated upon Veblen’s
work to form the new tradition of thought that is currently known as Institutional Economics. The
term ‘institutional economics’ was formally introduced by Walton H. Hamilton in 1919. However, this
tradition lost momentum during the first half of the twentieth century, primarily due to a lack of
follow‐up research, in particular with respect to building a fundamental theoretical basis around its
core concept. Moreover, because the mathematical development of the neo‐classical theory has
progressed to provide essential abstractions based on empirical evidence of economic processes,
institutional approaches have received more diminishing attention, as they typically lack this type of
innovation.
More recently, institutional approaches have received a new wave of attention, although
this revival of interests was not completely in the same fashion as it was before. Similar to the earlier
approach, this new development strongly considers institutions as the factors or objects of research
that focus the analysis of their impact on economic behaviour (Furubotn and Richter, 2008).
According to Hodgson (1988), however, the key element that distinguishes this new institutional
approach to economics from its predecessor is that it is tied to the model of rational individual
behaviour and the given assumption of individual preference functions. This new theoretical
development of institutional approaches has become known as New Institutional Economics, and its
predecessor is now known as Old Institutional Economics. Some of the well‐known contributors to
new institutional economics include scholars such as Ronald Coase, Oliver Williamson, Elinor
Ostrom, Douglass North, Harold Demsetz and Andrew Schotter. These scholars have used various
theoretical and analytical concepts that were developed and applied in other fields—including
transaction costs theory, property rights theory, collective action theory, principle‐agent theory and
game theory—to construct a new fundamental theoretical basis for new institutional economics.
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Overall, two general analytical framework strands can be recognised in the new
developments of institutional economics (Rutherford, 1994). The first strand is concerned with
formal law or the structure that induces and governs people’s behaviour when making economic
decisions. This strand focuses on defining the rules of the game that establish the basic conditions
for interactions between people and permits them to make a specific decision or take action to
coordinate to achieve an efficient transactional agreement. Coase’s work regarding transaction costs
(Coase, 1960) has been an important source for this strand and paved the way for much of the
development in new institutional economics thinking (Richter, 2005). Whereas the primary focus of
this framework is on made orders, the focus of the second strand is on what is called spontaneous
orders. This framework can be associated with the tradition of David Hume (1739), which was later
strongly supported by the Austrian school of economic thinkers, including Friedrich Hayek (see e.g.
Hayek, 1960, 1967). Within this framework, the notion that institutions define rules for behaviour
points to the idea that people’s behaviour follows a set of rules—rather than the other way
around—through a regular pattern (Langlois, 1998). This pattern needs to be both explained and
understood based on the given assumption of rationality that drives people’s behaviour. In fact, the
position of behaviour following a regular pattern can also be found in Veblen’s early arguments
(Veblen, 1899).
Some scholars have attempted to explain the position derived from the second strand of
institutional analysis by applying game theory and have introduced the concept of institutions as the
way the game is played in terms of prevailing equilibrium1 (see e.g. Schotter, 1981; Aoki, 2001). In
brief, game theory is a methodological approach that uses formal mathematical language to
studying relational and collective decision‐making situations in which the decision‐makers involved
have interrelated strategies and conflicting preferences (Myerson, 1991). These authors have argued
that game theory can provide formal evidence that the rules of the game can emerge
spontaneously—rather than by design—to form an equilibrium given a specific natural relational
structure of the actors who are involved in the situation that is under scrutiny (Schotter, 1981). In
due course, this strand advances an equilibrium‐of‐game view of institutions that defines an
institution as a salient equilibrium. However, most new institutionalists are not optimistic regarding
the potential contribution of game theory. One criticism is based on the highly unrealistic and rigid
rationality assumption and the deterministic view of game theory as a formal model (North, 1990;
Sugden, 1991). Another criticism of game theory is based on the static nature of the equilibrium
concept, which can only explain the logic of a self‐enforcing social order at a time but cannot explain
an institutional change (Richter, 2005).
Nevertheless, being aware of the limitations of game theory, there are valid reasons to look
at the potentials and possibilities of the theory’s contribution to institutional approaches in order to
improve our understanding of the interaction between interrelated actors with conflicting interests.
With respect to the rationality assumption, we obviously cannot expect that people will be able to
always act purposefully and also logically, that they have well‐defined goals, that they are motivated
solely by their desire to meet these goals as closely as possible, and that they have the calculating
ability required to do so. However, Aumann (1985) noted that to completely reject the rationality

1

Equilibrium may refer to different specific definitions. In this thesis, I focus on the game‐theoretical
concepts of equilibrium.

8

Games and the City

assumption is also incorrect, as there seems to be a cumulative effect of a sequence of interactions
and learning mechanisms over times that generally pushes people in the direction of rational
behaviour (in the sense that there is a dominant desire to pursue the best possible outcome).
Therefore, the assumptions in game theory should not serve as a reason to reject the theory; rather,
the theorems and conclusions that emerge from the model should be discussed critically and—
wherever possible—improved. Repairing, refining and/or improving several assumptions within the
specific setting of the game can improve the theory’s applicability and relevance. In response to this
challenge, several developments in game theory have attempted to include more realistic
assumptions of actors’ behaviour by incorporating complex schemes of human cognitive processes
(or at the very least, by stretching its highly restrictive assumption to be able to cope more
adequately with reality) (see e.g. Camerer, 1991; Goeree & Holt, 2001).
More importantly, game theory still contains several advantages that can contribute to
institutional debates. Whereas institutional analysis fundamentally focuses on human interactions in
a context in which the interests of one party—and the efficacy of that party’s actions—are strongly
influenced by the actions of other parties, game theory may well provide a straightforward method
for bringing institutions into the concept of an interactive economic activity in order to identify a
multi‐party interaction and to achieve optimum results2. In game theory, this interactive economic
activity is associated with the vector of inputs and outputs and is explicitly formulated as the
structure—or heuristics—of interaction. In this respect, game theory focuses on the observation of
how actors dynamically act and interact, particularly when they attempt to achieve the best possible
outcome.
Related to urban planning analysis, the application of game theory—particularly in
interactions with the new institutional economics perspective to date—is relatively uncommon,
although its advantages as an analytical instrument have been recognised and supported by several
scholars (see e.g. Avella et al., 1998; Ball et al., 1998; Wang and Fang, 2007). The applications of new
institutional approaches in planning are still largely dominated by the aforementioned first strand of
institutional analytical spectrum, which—as discussed above—focuses on the influence of made
orders or generic regulations to human behaviour. Because this strand is strongly rooted in Coase’s
work, in general its application in planning can be related to the corollary of the Coase Theorem. This
corollary essentially states that institutions matter when it is costly to transact and when property
rights are poorly defined. As explored by Webster and Lai (2003), high transaction costs—particularly
with and within governments—and undefined property rights will throw cities into a crisis situation
by slowing the spontaneous evolution of social order, ultimately causing the city to lose its
opportunities to adopt more efficient and sustainable spatial strategies and policies. In addition, Lai
and Hung (2008) elaborated that in the situation in which transaction costs are not zero and
property rights are poorly defined (as is often the case in the real world), the assignment of rights
and liabilities through planning processes will affect the allocation of resources. Therefore, based on
these ideas, planning processes should attempt to reduce transaction costs as much as possible and
to properly assign property rights. Some planning scholars have therefore attempted to elaborate
upon the meaning of transaction costs in planning processes (see e.g. Alexander, 1992; Buitelaar,

2

This relates to the assumption of utility maximisation that is used in game theory. Hence the optimum
result is referred to the condition in which a player can maximise his/her utility.
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2007). Moreover, Lai and Hung (2008) interpreted the meaning of the assignment of rights and
liabilities for planning analysis in terms of the variables of law, governance, coordination structure
and/or any contractual arrangements. These variables are assumed to impact upon both the input of
resources and the output of goods (in terms of price, quantity and quality).
The concepts of transaction costs and property rights are undoubtedly useful devices for
explaining how urban development processes evolve. These concepts have successfully yielded a
clear argument to contradict and refute the notion of perfect competition in neo‐classical economic
approaches, as the occurrence of transaction costs has caused the market to become imperfect. By
encouraging particular rules or planning regulations (i.e. institutions) to reduce transaction costs and
properly assign property rights, we might logically expect that a city or region will progress
spontaneously and create a more efficient social and economic construction (Webster and Lai,
2003). However, using the argument of those who focus on the second strand of institutional
analytical approaches or the spontaneous order, it is also important to analyse whether a rule or
institution can be intrinsically enforced in order to make it binding in a natural way. For this reason,
an attempt to reduce transaction costs as much as possible (or even to zero) in combination with
attempts to have property rights properly assigned might not be sufficient to create—or might not
necessarily lead to—efficient resource allocation and more efficient urban development. This
conclusion does not mean to contradict the two strands; rather, it is important to identify ways to
use them both in a complementary fashion in planning analysis.
Evidently, transaction costs and property rights are among the many factors that shape
human interactions and behaviour. The unregulated exercise of power and the exploitation of
information availability can—in most cases—play a significant role in these interactions. The
existence of a rule or regulation is not a substitute for the uncontrolled exercise of power, which
means that one cannot expect that the balance of power will be realised simply by writing a rule on
a piece of paper. Consequently, creating such rules or institutions in order to manage transaction
costs and property rights can only be meaningful if that rule is both stable and unbreakable. In other
words, there is little or no benefit to be gained by violating the rule. Therefore, in addition to
understanding transaction costs and property rights, it is also important to understand the structure
of human interactions in a given situation and identify the kind of outcome that might result
naturally from that structure. This idea corresponds to the concept of equilibrium in game theory,
which can be viewed as the natural steady‐state condition determined by the interaction structure
of interdependent actors based on certain strategies and available payoffs. Focusing on this
equilibrium in collaborative decision‐making under specific institutional conditions using insights into
the structure of human decision‐making and interactions makes the game theoretical approach
attractive. Furthermore, game theoretical thinking can be used to develop a constructive approach
by modelling the reciprocal interactions between purposive action and social interaction structure in
order to understand the interdependency between private and public stakeholders and the
behavioural patterns that follow.
The next section will provide addition discussion regarding game theory as an analytical
framework for this study. First, however, because game theory is based on a quantitative analytical
approach, the main lines of the tradition of quantitative analysis in urban planning will be
summarised.
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Modelling: A Brief Discussion of Methodology

Within the urban study community, quantitative modelling has been widely used to
understand the power and importance of complexity in planning (Batty, 2005). A variety of
quantitative models are available, and each has a unique focus. This subsection provides a global
exploration of the quantitative modelling methods and techniques that are used in urban planning
analysis, followed by a more elaborate description of game theoretical modelling.

1.4.1 Tradition of Quantitative Analysis in Urban Planning
Quantitative methods have been a part of urban and regional planning analysis since its
inception, and many operational quantitative models are used in planning research. In general, the
following three main functions of quantitative planning models can be distinguished: descriptive,
predictive and normative (Lowry, 1965). A descriptive model attempts to describe and provide an
understanding of the existing situation in a specific location related to urban planning and
development processes. A predictive model attempts to forecast and simulate a future situation
based on the current situation. Finally, a normative model is constructed in such a way that it can
provide advice regarding a better—or even the best—future given all of the possible options
available from the current situation. Although a model need not serve all three functions, but to be
able to have a model with a good normative function, a modeller should have a good understanding
of the current situation (i.e. descriptive function) and also forecast of the potential outcome (i.e.
predictive function). In fact, as specifically argued by e.g. Lee (1973), an urban planning model is a
tool that can be used to support decision‐making in urban planning, and in particular, to enable the
decision‐makers to reach a better decision based on the forecast or prediction of future urban
development based on descriptive and normative considerations.
However, the use of quantitative models in planning is not without criticism. Since its initial
inception, modelling has been defined as an abstraction of reality; therefore, models have been—
and always will be—a simplification of a much more complex situation (Apostel, 1961). On the other
hand, spatial planning and land‐development processes are characteristically highly context‐driven.
It is sometimes argued that modelling those processes would make little sense and seems odd, as
the interactions of the stakeholders who are involved in planning processes are undeniably too
complex and highly dependent on case‐specific circumstances. Moreover, according to this criticism,
the abstract approach of modelling can be considered unpractical, particularly to practitioners and
decision‐makers, whereas the use of technical terms and mathematical calculations can be
considered tedious.
Nevertheless, given the caveat regarding the limitations of modelling exercises for complex
situations with respect to land and property development and urban planning, there are advantages
in considering the possibilities of using abstract formal models, even in its extremely basic and
classic definition as described above. First of all, in order to construct a model for complex land and
property development processes, the researcher/modeller must precisely define the assumptions
regarding the complex reality underlying the model. In line with this requirement, a formal model
allows us to see precisely how the conclusions of a model arise from its assumptions. Of course, the
assumptions can—and should—be discussed, but the outcome of the model can be described in
precise terms. In addition, formal modelling also creates a coherent structure for a line of
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argumentation. The logical structure of a model allows the modeller to systematically and
transparently change parts of the model to derive new conclusions that lead to new insights
regarding the clarification of a problem or the means to optimise planned interventions. Notably,
many different ways to analyse complexity in urban planning or land development processes exist.
However, without the rigour of a formal model, we might fail to sufficiently enlighten the decisions
made and the arguments used to explore this complexity, and we might therefore lack the basis to
generalise such decisions and arguments to other situations. Furthermore, a formal model might
help us structure the situations to be studied in a more simple and clear manner. As a first step, a
formal model will therefore increase our understanding of the decision problems at stake. In a later
stage, the model may be refined and extended into a more sophisticated and/or realistic model.
Notably, the use of modelling exercises in urban planning has been widely appreciated,
primarily among two main types of analyses. In the first type, the modelling focuses primarily on the
analysis of the urban system. The urban system can be any network of cities (or regions) that is
considered to be a system, including but not limited to transportation, land use, economic or social
activities, public utilities, and the movement of labour, goods, services, capital, and ideas. Although
the models in this category attempt to describe and predict the dynamics of the urban system, their
ultimate goal is to identify the most efficient urban system. This type of modelling is generally
rooted in system theory and cybernetics, which have been widely used since the 1950s. This type of
modelling includes System Dynamics Modelling and Cellular Automata, to name but a few.
The second type of modelling involves the analysis of stakeholders’ decision behaviour. A
stakeholder is any individual or organisation involved in the situation that is under scrutiny in the
analysis. The specific focus of this type of modelling is to formally identify and assess important
aspects that are taken into account by the stakeholders to make a decision in order to prescribe the
optimal solution for them. The general idea of this type of modelling can be traced back to the
discipline of decision theory and analysis. Game theory, which is applied in this study, can be
categorised as this type of modelling.

1.4.2 Game Theory
In game theory, a game is essentially any situation in which people or agents interact. Crucial
to game theory is the interdependency of decision‐making behaviours. The outcome of a game (i.e.
the collective decision) cannot be determined by only one actor, or in game‐theoretical terms, by
one player. The combined strategies of all players are essential for forming the decision. Here, a
strategy is defined as a complete plan of action that determines what a player might do in any given
situation during the game (Colman, 1999). Consequently, each player attempts to scrutinise the
possible strategies of the other players and fine‐tune his or her strategic behaviour to match the
expected behaviour of the other players. By taking into account what the other players can do, a
player can optimise his or her expected value of the outcome (i.e. the payoff). In this respect, game
theory provides some general principles for considering strategic interactions.
Traditionally, game theory began with the 1944 publication of The Theory of Games and
Economic Behaviour by John von Neumann and Oskar Morgenstern. Since its introduction, the
application of game theory has been promising primarily in economics. Although there was a time in
which interest in game theory declined, it later began to widely influence other fields in social
science (including among others, political science, anthropology, psychology, sociology, and
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philosophy) and the natural sciences (Hargreaves Heap & Varoufakis, 2004; Kreps, 1990). The
increased attention given to game theory—particularly in social science—is based upon the belief
that it can provide solid micro‐foundations for the study of collective decision‐making processes and
structures (Elster, 1982). Moreover, game theory has the potential to increase our understanding of
social interactions in general and interactive decision‐making in particular.
Game theory is not a single method of analysis. Rather, it has numerous features for
exposing and analysing various interactional structures of stakeholders in various contexts and
dimensions. The various dimensions can include the number of stakeholders involved, the way in
which the stakeholders interact, and the availability of information to the stakeholders, and these
dimensions can notably affect both the structure and outcome of stakeholders’ interaction activities
(Dixit & Skeath, 2004). In order to provide a brief and general classification of some of the features
of game theory that may be pertinent to the later analyses in this study, some basic contrasting
types of games are explained as follows:



Two‐person vs. n‐person Games
In two‐person games, only two players are involved. An n‐person game involves more than
two players; hence, n always means more than two players. This categorisation is important,
as adding more players to a game will add more strategies and payoff functions to the game
model, and it will also increase the complexity of the model considerably. When a game has
more than two players, fundamental differences arise compared with a two‐person game.
For example, with three or more players, the formation of coalitions can become more
significant, which will increase a concern to factors such as cooperation, organisational
structure, commitment, trust, compromise, threat, etc.



Sequential vs. Simultaneous Games
Sequential and simultaneous games can be distinguished based on the way or order in which
the players move in the game. In a sequential game, players move in an order (for example,
in a chess match); in essence, one player moves first, and then the other player moves in
response to the first player’s move. The sequence continues until a point at which a situation
under scrutiny is delineated. In this kind of game, the order and/or the timing of the moves
is important, and the analysis of these movements is essential. A sequential game can be
considered a dynamic game due to the notions of timing and the progress of movements in
the game. In contrast to sequential games, in a simultaneous game, the players move at the
same time, and the players must formulate their strategies based on what they think the
other players will do. In this respect, a simultaneous game can therefore be considered a
static game.



Non‐cooperative vs. cooperative Games
The distinction between non‐cooperative and cooperative games is used in game theory to
explain situations in which agreements among the players are enforceable or not. In a non‐
cooperative game, the players cannot make binding agreements; in a cooperative game, the
player can make such agreements. In a non‐cooperative game, the players act in their own
best interest and select strategies independently to achieve the most desirable outcomes for
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themselves. In contrast, players in a cooperative game attempt to coordinate their
behaviour and focus on the formation of coalitions or alliances to achieve the best outcome.



Perfect information vs. imperfect information Games
Information is an important factor in every game. Perfect information describes the situation
in which all players have complete access to all of the information that is relevant and
significant for making a choice at every point during the game. This information includes—
but is not limited to—the strategies of all of the players, the outcome of the game and the
payoff of any chosen strategy. In a real‐life situation, however, this situation is relatively
rare, and the players are usually in a situation in which they only know of their own
information but not of their opponent’s and must therefore cope with this imperfect
information. It is also possible that one player has better information than the other
player(s), which referred to the incomplete or asymmetric information. In a case of the
information is not complete, each player’s decision whether to reveal, conceal or disguise
their own information becomes an essential element of the game and the players’
strategies.

A game can be described and presented in a variety of ways. Generally, three descriptive
game frameworks or ways to represent the games can be distinguished. The first representation of a
game, depicted in Fig. 1.1, is the extensive form. This framework best represents a game with
sequential moves. In this form, the entire game can be structured using a so‐called game tree, which
is a graphical representation of the players’ strategic interactions. A game tree contains nodes and
branches. The nodes represent the decisions made by a given player, and the branches represent the
alternative actions, among which a decision to choose must be made. A game tree begins with a
node at which the first player makes his or her decision; hence, this node is called the game’s initial
node or root. From this initial node, different branches might emerge, and these branches end at the
various decision nodes at which other players can make a decision based upon the branches that
have emerged from this node; these steps continue until the game ends at a node that yields a
particular outcome for all players. The nodes that represent an outcome are called the end nodes. It
should be noted that a game tree can contain many end nodes.

P1 and P2 : Players

(x1, y1)

Alt.1
P1

: Initial Node
(x2, y2)

Alt.3
Alt.2

P2
Alt.4

: Decision Node

Alt.5

(x3, y3)

Alt.6

(x4, y4)

P1

: End Node
Alt.1‐6

: branches  alternatives/
choices/actions that has
to be made by a player

(xi, yj)

: payoff for every player

Fig. 1.1. A Simple Game Tree
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The second framework is the strategy form. In this form, a game is defined simply by
specifying the following three aspects: the set of players in the game, the set of available options for
each player, and the way in which the players’ payoffs depend upon the options that they choose. A
simple way to represent games in the strategy form is using the strategy profile, which is commonly
presented as a matrix that contains a value or payoff for each strategy available to all of the players
(i.e. a payoff matrix); an example of such a matrix is depicted in Fig. 1.2. In the matrix shown in Fig.
1.2, two players (A and B) face two symmetrical options upon which they decide to agree or
disagree. The respective payoffs for each player under each strategy are assigned the variables a, b,
c and d, which have a specific ordering value that depends on the specific context. Under a
maximising utility assumption, each player attempts to select a strategy that will yield the highest
possible payoff. This framework is best used to represent a simultaneous game with a non‐
cooperative approach.
B

A

Agree

Disagree

Agree

a, a

b, c

Disagree

c, b

d, d

Fig. 1.2. A Simple Payoff Matrix
The third game representation is the coalition form, which is used to represent the dynamics
of coalition formation in a cooperative game. The essential idea is that each player can achieve a
higher payoff (i.e. arrive at a better outcome) by forming or joining a coalition; in addition, a player
can transfer between coalitions in order to obtain a higher payoff. Key to this framework is the
assignment of a value to each feasible coalition (called the value of a coalition). This value
assignment is represented by a mathematical function known as the characteristic function. The
utilisation of a characteristic function in analysing coalition formation specifically in an n‐person
cooperative game was introduced by von Neumann and Morgenstern in their seminal book
published in 1944. Nearly twenty years later, Thrall and Lucas developed a technique to generalise
von Neumann and Morgenstern’s methods in order to analyse coalition formation with externality
problems by utilising a different function that is known as the partition function (Thrall & Lucas,
1963).
After discussing the ability of game theory to analyse the interdependency of decision‐
making behaviour—and being fully aware of the theory’s limitations—at least three arguments
strongly support the application of this approach to the issue of public infrastructure provisions in
land and property developments processes. These arguments are discussed below.
First, many studies have been performed regarding the subject of a public infrastructure
provision, and the issue of value capturing in particular. However, most of these studies focused
either on the empirical evidence of the incidence of rising land and property value associated with
the improvement of public infrastructure (particularly rail transit) (see e.g. Diaz, 1999; Ryan, 1999) or
on planning instruments that can be used for value capturing (see e.g. Gihring, 2001; Alterman,
2012). Only a few studies can help explain the decision‐making process with respect to the use of
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value capturing methods; in particular, to answer the following question: under which (institutional)
conditions are private sector agents willing to contribute to public sector investments in the
infrastructure? As has been argued previously, game theory offers a promising avenue to develop
and construct formal analytical models and also to predict the behaviour of stakeholders during the
decision‐making process.
Second, stakeholder interaction is clearly an important issue in land and property
development processes. Moreover, land development and urban planning is—in essence—the result
of interactions among several stakeholders, both public and private. Because decisions with respect
to land development are affected by interplay between stakeholders, the outcome can be
considered as the result of collective actions. With its focus on interaction and collective effort,
game theory is well‐suited to the study of how competition and cooperation occurs and how
stakeholders interact with one another.
Third, the construction of a model of complex land and property development processes
requires a precise definition of the assumptions regarding the complex reality underlying the model.
As a formal model, game theory allows us to observe exactly how the conclusions of a model follow
from its assumptions. Certainly, the assumptions can and should be discussed, but the outcome of
game theoretical modelling can be described with high precision. In order to explain the complexity
of the process, it is important to provide reasons for why a phenomenon or process occurs in a
certain way. With its formal abstraction, game theory may therefore provide such an explanation
and can provide us with new insights into the processes of land and property development.

1.5

Research Objective and Research Questions

The aforementioned discussions have addressed the substantial progress that has been
made in improving our understanding of land and property developments. This study, however,
focuses on the decision‐making processes underlying these developments. The primary objective of
this study is to provide a new institutional perspective based on game‐theoretical approaches to
achieve a better understanding of the stakeholders’ decision‐making behaviour in land and property
development processes. Recalling the background provided for this study earlier in this chapter,
these processes will essentially be specified to the case of public infrastructure provision with
respect to value capturing. To achieve this aim, several research objectives are formulated, guiding
the analysis to be presented in the following chapters:
1. To observe the structure of strategic decisions in land and property development
processes from a game‐theoretical perspective;
2. To explore the advantages and disadvantages of various game‐theoretical models in
analysing public infrastructure provisions in land and property development processes;
3. To analyse the strategic and operational responses of stakeholders involved in land and
property development and to predict the outcomes of the stakeholders’ decision‐making
processes using a game‐theoretical approach; and
4. To identify the most relevant mechanisms in the decision‐making process that are related
to a public infrastructure provision in land and property development.
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The primary research questions for this study are as follows:
1. In what sense is the strategic decision of stakeholders in land and development processes
influenced by—and/or interrelated to—one another?
2. In what way can a game‐theoretical approach provide a better understanding of the
relationships between these stakeholders and the effects of these relationships on the
mechanisms of conflicts and collaborations between stakeholders?
3. Can we develop models based upon a game‐theoretical approach in order to explain the
dynamics of stakeholders’ decision‐making processes in land and property development
in the case of public infrastructure provision, particularly with regard to value capturing?
4. Under which (institutional) conditions are these stakeholders willing to cooperate, and
can we identify the optimal processes of collective action in that process?

1.6

Relevance

After having discussed the objectives of this study, its relevance will be elaborated. Both the
scientific and practical relevance are addressed.

1.6.1 Scientific Relevance
Theoretical considerations clearly served as a motivation for this study. As discussed above,
it has been argued that there still exists a lack of understanding regarding how stakeholders arrive at
decisions with respect to the issue of public infrastructure provisions in land and property
development processes. A deeper understanding of stakeholders’ decision‐making behaviour in land
and property development processes—particularly in the case of public infrastructure provisions—
can be gained by addressing some research questions as described earlier. Furthermore, this
information might contribute to the formulation of a new framework for analysing land and property
development as well as public‐private co‐financing of public infrastructure provisions.
Moreover, current studies of stakeholders’ interactions with respect to the issue of public
infrastructure provisions in land and property development processes are usually based upon case
study approaches. Although case studies are useful in their own right, a disadvantage of this
approach will always be the limited number of suitable cases, as it is difficult to determine the effect
of unique case‐specific factors when the crucial data are limited to a few cases and might therefore
be biased by these cases’ unique characteristics. This limitation leads to difficulties in generalising
new insights regarding the behaviour of stakeholders based on those results. Therefore, the present
study—with its approach of formal abstraction and experimental settings—will complement these
previous studies.

1.6.2 Practical Relevance
An improved understanding of stakeholders’ decision‐making and strategic behaviours in
land and property development—particularly with respect to public infrastructure provisions—is
undoubtedly important from a practical point of view. After all, the primary goal of urban planning in
general—and land development in particular—is to drive changes and improvements in the practical
world rather than in academia. Because current urban planning and land development practices can
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be defined principally as a process of collaborative decision‐making in the public domain, the failure
of stakeholders to arrive at a good decision will most likely hamper land and property development
processes. It is therefore important to analyse these negotiations in detail, with the aim of better
understanding the possible outcome of the process and to define the conditions needed to achieve
more successful results.
Given these considerations, this study has practical relevance in at least three distinct ways.
First, because the Netherlands will be used as a case study, the concepts and models in this study
may help actual stakeholders within the Netherlands make better decisions. Although the formal
modelling of game theory is not used as a prescriptive instrument, the descriptive and explanatory
approach can help stakeholders construct their strategy and can prepare them to deal effectively
with opportunistic opponents. Second, this study is expected to reveal useful insight regarding the
interaction structures of stakeholders, which may provide stakeholders with valuable information.
Although offering practical guidelines to stakeholders is not an explicit aim of this study, the
approaches used in this study can help stakeholders comprehend the complexity of the situation in a
more systematic way and can also provide stakeholders with an unconventional perspective
regarding their decision‐making processes. Finally, an aim of this study is to provide valuable insight
into the use and effectiveness of value capturing instruments. Although the research is focused on
the Netherlands with specific contexts that are taken place there, the analytical methods will likely
be applicable to investigate value capturing strategies in other countries as well. Although the
contexts and instruments that stimulate the stakeholders’ strategies may vary, the principles behind
those strategies will likely be similar.

1.7

Research Design

This dissertation consists of four phases. After the in‐depth analysis of public infrastructure
financing and value capturing provided in Chapter 2, phase one deals with an exploration of the
general process of land and development in the Netherlands in order to identify the nature of
strategic decisions in that process. To achieve this goal, game theory in extensive form is utilised,
using a hypothetical case of greenfield residential development in the Netherlands as the context.
The explanation and the results of this analysis are provided in Chapter 3 (these results were
published in the journal Land Use Policy).
In phase two, the structure of stakeholders’ interactions and the process of collective action
in relation to value capturing are discussed. The goal is to identify the conditions under which public
and private agents will agree on value capturing based on a negotiation process. The non‐
cooperative game theory in strategy form is employed to conceptualise the structure of
interdependent relationships among stakeholders. Chapter 4 provides the results of this analysis
(these results were published in the Journal of European Real Estate Research).
As explained in Chapter 4, non‐cooperative game theory in strategy form assumes that
stakeholders are highly competitive actors who cannot make binding agreements and a coalition
among stakeholders are not an option. Although modelling approaches based on this assumption
provide useful insight into the strategies used by stakeholders in the process of collective action (in
relation to value capturing), it is clearly insufficient for representing the problem in the real world.
Therefore, phase three abandons the non‐cooperative assumption and starts with the assumption
that stakeholders can make a decision with respect to value capturing by forming a coalition. Two
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different settings related to the free‐rider problem are explored. In the first setting, it is assumed
that there is no free‐rider problem in the process of coalition formation with respect to value
capturing (by assuming that a specific regulation exists to prevent the free‐rider problem); in the
second setting, this assumption is expunged by incorporating the free‐rider problem into the
analysis. For the first setting, the analysis is based on a cooperative game in characteristics function
form, which is described in Chapter 5 (and was published as part of a book entitled Transition
towards Sustainable Mobility: New Solutions and Approaches for Sustainable Transport System). In
the second setting, the analysis utilises a method that is based on the cooperative game in partition
function form, with the addition of an experiment to validate the results that are predicted by the
method. Chapter 6 contains an explanation and the results of this analysis (these results were
published in the journal Environment and Planning B: Planning and Design).
In phase four, the analysis focuses on the strategic behaviour of stakeholders in decision‐
making in a bilateral negotiation process regarding value capturing. The analysis is based on an
experiment that simulates negotiations between public authorities and private sector agents. A
game theoretical approach is used in this study as a general instrument to determine the equilibrium
of the negotiation to be compared with the results of the experiment. Two experimental settings
were constructed for this study. First, a computer‐based negotiation experiment was performed in
order to minimise the influence of external factors on the negotiation results. Second, a face‐to‐face
role‐playing negotiation experiment was performed. The explanation and the results of the
computer‐based negotiation experiment are provided in Chapter 7 (based on a manuscript
submitted to the International Journal of Strategic Property Management), and the results of the
face‐to‐face negotiation experiment are presented in Chapter 8 (based on a manuscript submitted to
Urban Studies Journal).

1.8

Organisation of the dissertation

Table 1.1 provides a summary of the focus of the analyses and utilisation of game‐theoretical
models in this dissertation with Chapter 9 summarises and concludes the results of the study.
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Table 1.1. Outline of the dissertation
Phase/
Part
0

Chapter

1

3

Sequential Game
in extensive form

2

4

Non‐cooperative
game in strategic
form

3

5

Cooperative
Game in
characteristic
function form

6

Cooperative
Game in partial
function form

7

Computer‐based
negotiation
experiment

8

Face‐to‐face
negotiation
experiment

4

Game‐theoretical
model

1
2

9

Topic of analysis
Introduction
In‐depth analysis of
public infrastructure
financing and value
capturing mechanisms
The process of land and
property developments
in the Netherlands
Strategic behaviour of
stakeholders of land and
property developments
in making collective
decision
The coordination and
coalition of stakeholders
of land and property
developments

Case Study

Published in

Greenfield area
development
for residential
location
Implementation
of value
capturing

Land Use Policy, 2010,
Vol. 27, Issue 2, pp.
564‐578

Bargaining for
value capturing

Van Nunen, J.A.E.E.,
Huijbregts, P. and
Rietveld, P. 2011.
Transitions Towards
Sustainable Mobility.
Berlin Heidelberg:
Springer‐Verlag, Ch. 4,
pp. 59‐80
Environment and
Planning B: Planning
and Design, Vol. 40,
Issue 2, pp. 234‐253

The coordination and
coalition of stakeholders
of land and property
developments with the
free‐riders problem
Negotiation in land and
property development
process

Bargaining for
value capturing

Negotiation in land and
property development
process
Summary and
Conclusions

Public land
development
process

Public land
development
process

Journal of European
Real Estate Research,
Vol. 5, Issue 1, pp. 48‐
65

International Journal of
Strategic Property
Management
(accepted)
Urban Studies
(submitted)
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2 PUBLIC INFRASTRUCTURE
FINANCING AND VALUE CAPTURING

2.1

Introduction: Problems in Financing of Public Infrastructure
Development

Financing the public infrastructure is becoming increasingly problematic for many countries.
Traditionally, more often than not, public authorities or governments are responsible for public
infrastructure provisioning and financing. From the perspective of this traditional approach, the
problems and difficulties related to public infrastructure financing arise primarily due to decreasing
public revenues, expenditures, and borrowing, as well as increasing development and construction
costs. Moreover, the rapid increase in urbanisation—which leads to an increasing demand for an
adequate and appropriate infrastructure—can also make it difficult for governments to fulfil various
desires with respect to providing public infrastructure. With no special mechanism in place for
allocating taxes or no direct link between the source of the tax and its dedication, a great deal of
competition generally arises among the various development sectors with respect to public spending
(Kirwan, 1989). In addition, many countries—particularly within Europe—have been forced to
reduce their government expenditure in response to an economic downturn, and this reduction has
led to a decline in national public infrastructure investments (Guhnemann et al., 2006). This situation
has been exacerbated by the liberalisation of the market in most parts of the world and by the
recent monetary crisis (Stockhammer, 2009). Consequently, public authorities increasingly feel
compelled to obtain additional financing from alternative resources for developing their public
infrastructure, including seeking contributions from private sectors. Direct private sector
contributions however are particularly—though not exclusively—relevant to plan‐related public
infrastructures.
The development of the public infrastructure is both costly and complex, as it usually
involves large‐scale investments and the management of conflicting interests from a variety of
parties from both the public and private domains. However, it has long been recognised that the
public infrastructure can play a crucial role in economies due to its ability to generate positive effects
on society. High‐quality infrastructures enable firms to exploit production scale and agglomeration
economies; to use production and distribution means more efficiently; to link disconnected markets;
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and to increase efficiency through market expansion and competition. These advantages enable
firms to become more receptive to innovation and increase economic growth (Banister &
Berechman, 2000). Another example of positive effects generated by public infrastructure provisions
is the increase in land and property values. For example, many studies have reported that land and
property prices increase in the vicinity of transport nodes and corridors, particular with respect to
public transport initiatives (see e.g. Batt, 2001; Gihring, 2001; Debrezion et al., 2007).
The process of capturing or recouping all or some of the incremental land and property
values caused by improving certain public services—rather than from the landowner’s action—for
public use is known as value capturing (Brown & Smolka, 1997). Many studies have prompted a
variety of thoughts and ideas with respect to value capturing.3 Most of those studies however only
focus on obtaining empirical evidence of land and property value increases in association with the
improvement and development of land and public infrastructures. Nevertheless, because the
implementation of value capturing in most countries still has problems, whether value capturing
might be a feasible method for co‐financing public infrastructure development remains an open
question. One important topic is based on the legal structure underlying value capturing and the
obligation for stakeholders to give the incremental values to a public authority as a contribution to a
public infrastructure development. This topic is particularly relevant to the present study, which
aims to explore—among other issues—the impact of (the lack of) legal structures on decision‐
making processes in land and property development. This issue can also be related to the discussion
regarding property rights, which has become an important subject in the new institutional
economics theory.
This chapter attempts to elaborate these issues by briefly exploring the relevant literature
regarding value capturing and conducting in‐depth interviews with stakeholders in land and property
development within the Netherlands. Thus, this chapter is structured as follows. Section 2.2 provides
a general discussion regarding the legitimacy of value capturing. Section 2.3 provides a description of
various methods used for value capturing. In Section 2.4, we discuss the implementation of value
capturing in the Netherlands. Section 2.5 provides some key arguments regarding the future of value
capturing instruments. Finally, Section 2.6 provides several conclusions.

2.2

Legitimacy of Capturing Value Increase

Contentious debates regarding the role of private land and property in society have long
been waged among urban planners as well as philosophers, legal scholars, and economists. The
principal concern in these debates primarily relates to the issue of property rights. Property rights
can be considered a bundle of rights that constitute an individual’s ownership of an asset. In its
complete form, those rights include the right to derive value from the asset including the right to
consume and obtain income or other benefits from that asset, to exclude others from using the
asset, and to alienate the asset or transfer it to others (Barzel, 1997).
One of the most famous proponents of private ownership is the 17th century Western
philosopher John Locke, who claims in his renowned Two Treatises of Government that property and
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property rights existed prior to the civil state or government and refers to those rights as natural
rights that deserve protection under the law. Without protection by the government, the incentive
for individuals to work would be eroded, which would ultimately harm society (Locke, 1689). This
Lockean perspective was reflected in Adam Smith’s The Wealth of Nations (1776), although there
has been considerable debate regarding how much of Smith’s work was affected by Locke’s natural
rights tradition. It should be noted that Smith strongly opposes all legislation that interferes with
free individual transaction activities. Smith recognises that freedom to transact affects the incentive
to create and maintain property. Another strong supporter of private property rights is Jeremy
Bentham, who developed the utilitarian theory of property rights in the late 18th century. Although
Bentham voiced strong criticism of Locke’s idea of natural rights, but similar to Locke, Bentham also
proposed the idea that private property rights should be protected and promoted by the
government in order to enable the management and maintenance of properties in a much better
way by their private owners. Bentham argued that with this protection, private owners could
automatically contribute to the general social welfare by not allowing properties to become derelict
(Bentham, 1781). Support for private ownership—particularly land ownership—has also emerged
from more contemporary scholars. For example, Hernando de Soto (2000) made a strong argument
in favour of promoting public policies that increase the formal status of private land tenure for
individual households. In doing so, individual households would have sufficient power to leverage
their property in order to produce economic benefits.
While many strong and valid arguments support the importance of protecting property
rights, it is also difficult to deny that at the same time, individuals may realise benefits from public
and government activities. This fact has precluded countries around the world from adhering to
social systems in which landowners have absolute freedom to use their property. However, it does
not imply that private property rights should not be respected. The primary concern here is based
more on the extent to which private gain allocation can be captured by the public in order to
improve society. This view can be conceptualised into what is known as the social function of
property or the social‐obligation theory (Dagan, 2007). If a proponent of property rights ideas in their
purest form might suggest that property owners should retain the full benefits that they receive as
part of economic processes, the social‐obligation theory puts forward the idea that owners of
properties owe society and are therefore obliged to share the unearned increment with society.
The idea that society should be able to recoup the value that it created is by no means a new
concept. For example, Henry George, an American thinker and political economist from the late 19th
century who is best known for his single land‐taxation proposal, also had a resounding thought
(George, 1879). George observed the increase in land values due to technological and social
advances (including public services), and he demanded the capture of those increments for the
betterment of public services. He argued that capturing value in this situation has an ethical
dimension, as it is only fair that one is rewarded for one’s own efforts, and this implies that an
individual should return all values that result from community action to the community. In Great
Britain, this idea can be related to the concept of betterment and compensation, which can also be
traced back to the late 19th century and which later gathered strong momentum in 1942 with the
introduction of the influential Uthwatt Report. More recently, the concept of betterment levy has
become popular in many countries that use different variations of implementation, although not all
of those implementations have been successful, nor did they meet a problem‐free reception.
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Additional support for the idea of capturing incremental values that result from public goods
and services provisions can also be found in economics. From an economic perspective, the
profitable effects of public activities that are capitalised in the increment values of private land and
properties can be considered positive externalities. Many have argued that any kind of externality
should be capable of being internalised in order to avoid social inefficiency (Webster and Lai, 2003;
Van der Krabben and Needham, 2008). However, the question of how to internalise those
externalities has sparked several intense debates among economists. Perhaps the most prominent
debate regarding the internalisation of externalities arises between the 1920 work of Arthur Cecil
Pigou, which is used in Welfare Economics Theory, and the 1960 work of Ronald Harry Coase, which
later became one of the most significant elements of the New Institutional Economics Theory. In
short, Pigou’s approach to internalisation of externalities is to levy taxes in order to force private
marginal costs to meet social marginal costs, which diverged from one another due to the
externalities. Coase’s approach essentially attempts to explore the fairness problem in Pigou’s
taxation concept, as this taxation does not necessarily consider the damage done to the parties who
are being taxed, which in the end will create social inefficiency rather than the other way around.
Because this debate becomes an important concern with respect to methods used for the
internalisation of externalities, it must also be considered when defining techniques or methods for
value capturing. Before we discuss this issue in detail, in the next section we first focus on the
various methods for value capturing that have been used in practice or have been considered for use
in the literature.

2.3

Value Capturing Methods

Value capturing is not merely a single mechanism for recouping benefits from public
investments. Rather, it can be viewed as a set of methods of betterment levies on unearned
incremental value that can be imposed directly (through taxes, fees, exaction and/or other fiscal
means), indirectly (through an agreement related to land improvements or investments that
provides benefits to the community at large), or through a policy at the macroscopic level that is
motivated by broader principles (Alterman, 2012). Before we elaborate on these methods, it is
important to make a distinction between value capturing and other concepts, notably cost recovery
and creaming off plus value, each of which is linked to a specific implementation method or policy
instrument.
In using the cost recovery concept, private parties—more specifically, private land
developers—are expected to make a contribution to cover the costs of the public infrastructure
developments that directly benefit the developers themselves; this contribution can be delivered
directly by paying a sum of money to the public authorities. The focus of this concept is to make the
provision of the public infrastructure feasible by ensuring sufficient resources to pay the
development costs. Therefore, as long as the development can be achieved, it does not matter who
develops or realises the public infrastructure. This means that the contribution from the private
developer might also be given by his/her involvement—either in full or in part—in the development
in order to share or assume the development costs.
The second concept is creaming off plus value. In this concept, public authorities attempt to
capture any increment values in private land and properties that are caused by public infrastructure
development, by any public decisions, or by any general increase in the demand for land (for
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example, a local authority’s decision to allow residential development on land that was formerly
designated for agricultural use). This concept does not use the costs required to develop public
infrastructure as the basis for the capture. Instead, it focuses solely on taking the extra benefits that
are received by the private parties, for example by imposing a higher tax rate on private land and
properties (Kruijt & Needham, 1980).
In contrast to the two concepts discussed above, value capturing is usually limited to the
increments in private land and property values that result from public infrastructure development,
and it also excludes the increment value resulting from the unrelated public authority’s decisions
regarding land‐use regulations. With respect to the cost recovery concept, the costs of development
that must be covered can potentially exceed the benefits or increment value received by the private
developer, or vice versa. In the value capturing concept, full cost recovery might occur only when the
costs are lower than the increase in value. On the other hand, when costs exceed the increase in
value, recovering all of the costs is not possible. Given these considerations, in value capturing it is
important to reveal the amount of the increment values in order to determine whether that amount
exceeds or falls below the cost of developing the infrastructure. Nowadays, it is possible to quantify
the increment values using any of the many methods that are available based on regression analysis
and the Hedonic Price Model to calculate the increment property values caused by infrastructure
instalment (see e.g. e.g. Du & Mulley, 2006; Debrezion et al., 2007; Hess & Almeida, 2007).
As mentioned above, several techniques or policy instruments can be used for value
capturing, and several ways of categorising these instruments can be found in the literature. Here,
we follow the categorisation suggested by Alterman (2012), which includes macro, indirect and
direct instruments, as this categorisation enables us to include broader considerations of the
implementation of value capturing (see Table 2.1 for an overview).
Table 2.1. Value Capturing Instruments
Category

Instruments

Macro







Nationalisation of land
Long‐term public leasehold
Land banking
Active land policy
Land readjustment

Indirect








Exaction
Planning gain or obligation
Private participation or partnership
Impact fees
Development charges
Incentive zoning

Direct

 Capital gain tax on land and real property
 Betterment tax
 Increment tax upon transfer of land or
property title
 Annual property tax

Source: Summarised from Alterman (2012)
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Macro instruments for value capturing are part of national and/or regional land‐policy
regimes that are explicitly motivated by—or can be at least theoretically related to—the basic idea
of value capturing. The amount of value that can be—or has been—captured may not be directly
obvious using these instruments, but they may ensure that any unearned increment that results
from public development activities will go to the government. Nationalisation and long‐term public
leasehold of private land and property can be considered the extreme forms of land‐policy regimes
(i.e. value capturing instruments) within this category. Land banking and traditional active land
policy, which were used extensively in the Netherlands, can also be considered instruments for value
capturing at the macro level. In these regimes, or at least in active land policy, public authorities
actively purchase land and then provide the land with the necessary infrastructures and facilities in
accordance with their land‐use plan; afterwards, the land is sold or leased to private parties. With
this policy, the unearned increment value can be incorporated into the selling or leasing price. The
other policy regime that can be classified into this category is land readjustment. Van der Krabben
and Needham (2008) provided an argument regarding the use of land readjustment for value
capturing. This instrument provides several key advantages. Compared with other instruments in
this category, land readjustment has the least public intervention with respect to private property.
As argued by van der Krabben and Needham, land readjustment also could make value capturing to
be more efficient in term of unitisation of the area which they called as scoping. In addition, the risk
to public authorities is much smaller, particularly compared to active land policies, as they are
shared among all of the property owners who are included in the land readjustment project.
However, several issues associated with this instrument warrant attention. For example, a complete
collective agreement among all involved property owners cannot always be reached, particularly in
the absence of a supporting legal instrument.
The second category of policy instruments for value capture involves indirect instruments.
Many variations of this instrument have been used around the world. The basic idea of these
instruments is to shift—either fully or partially—the burden of undertaking public development to
private parties through a form of contribution in exchange for receiving an easement to perform a
particular activity. As in the previous category, with indirect instruments, the unearned increment
value to be captured is not clearly visible, as it is ‘disguised’ by the agreed contributions that the
private parties might deliver to the government in the form of money, assets, properties and/or
services. Some land‐policy instruments—such as exaction, planning gain or obligation, private
participation or partnership, impact fees, development charges, and incentive zoning—can all be
classified into this category. Because most of these instruments are commonly implemented locally,
and because the benefit to the community can vary and can be unpredictable, they are relatively
vulnerable to both legal and political challenges. Nevertheless, instruments in this category are likely
to expand with more creative innovations as governments have an increasing need for private
contributions in order to provide public services.
The last instrument category is the direct instruments. Compared with instruments in the
other categories, the instruments in this category can more explicitly capture the unearned
increment value in private property that results from public infrastructure development. The most
common form of direct instrument is taxation. Various types of taxation can—or have been—used in
various settings, all of which can—in a broad sense—be regarded as value capturing. These taxes
include—but are not limited to—capital gain tax on land and real property, betterment tax,
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increment tax upon transfer of land or property title, and annual property tax. However, problems
generally occur when new programs that are based on a form of fiscal intervention—particularly
taxes—are introduced to the public. As a result, the introduction of taxes or charges on the
increment land and property value that result from public infrastructure development will likely face
a lack of acceptance at both the political and social levels. These conditions have prevented most
countries from introducing direct value capturing policies.

2.4

Value Capture in the Netherlands: Some Legal and Empirical
Observations

The Netherlands currently lacks specific legal support for value capturing. The government is
not permitted to cream off any increases in land and property values that arise from public activities.
Thus, these values are directed automatically to the landowner (Needham, 2007). However, the
possibility exists—and has been the usual practice primarily in large development processes—for
private property developers to voluntarily enter into a development agreement
(Exploitatieovereenkomst) with a local authority (e.g. municipalities) regarding their contribution to
recover the costs of public investments in infrastructure development. Developers may contribute
by providing a specific infrastructure or by giving some amount of money to a municipality for doing
so. The specific conditions and the development costs that can be included have some limitations; in
addition, the contributions should be directly related to the development.
Nevertheless, until recently, municipalities have had only limited legal power with which to
enforce contributions from private developers when an agreement was not possible. To help
overcome this problem, the Dutch government introduced the Land Development Act (as part of the
new Planning Law) in 2008 to strengthen the government’s position in land development,
particularly with respect to cost recovery. Under this new regulation, all landowners who in a given
development project can be forced to contribute to those public investments that are related to the
plan. In the event that a municipality fails to reach a voluntary agreement with a landowner,
particularly with respect to the latter’s contribution to recover the costs of public investments, the
new law gives the municipality legal support to force the landowner to contribute to the public
investment. However, the previous limitations in the conditions and types of costs that can be
included still apply in the new law. If the contribution demanded by the government exceeds the
limits that are stated in the regulation, or if it will potentially cause excessive harm to the
landowners (as specified by law), the courts can overrule the case.
Although the new law can serve as a tool for value capturing (de Wolff, 2007), it does not
provide full support for value capturing, nor does it completely solve the problems related to
financing the public infrastructure. However, any initiative to enforce another new public law that is
designed specifically for value capturing will likely be met with significant political and societal
resistance and is therefore unlikely to be successful.
To elaborate this issue, we conducted several interviews with various stakeholders in land
and property development, including municipalities4, property developers and real estate
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development consultancies within the Netherlands. We found that the municipal respondents
primarily agree that it is now more difficult to achieve public development goals due to limitations in
public revenues. The costs for land assembly and public infrastructure development have increased
substantially and have become more difficult to recover. These respondents also experienced more
difficulty reaching agreements with landowners. Long‐lasting negotiation processes with landowners
can actually be highly problematic for the municipalities, as they not only delay the development
process, but also increase development costs. Although the option to expropriate the land is
available to them, this option is difficult to exercise, and this is due primarily to two reasons. First,
although it is supported by law, the expropriation of land is socially sensitive. Second, expropriation
is not always possible since—according to the law—when a landowner can prove that he/she is
willing and capable to carry out the development themselves in accordance with the land‐use plan
the municipality is not allowed to expropriate his/her land. The municipal respondents also observed
that the new Land Development Act does not completely solve those problems, although it can
potentially serve as an additional tool to legally force private landowners to contribute to the
development project. According to the municipalities, despite the new Land Development Act, in
practise, they still experience long and difficult negotiations with landowners regarding their
contribution to financing public infrastructures.
With respect to value capturing, the municipal respondents noted that they are aware of the
concept, as it was mentioned by both the advisory board for the Minister of Transport (Raad voor
Verkeer en Waterstaat ‐ RVW) and the advisory board for the Minister of Spatial Planning (VROM
Raad) back in 2004. However, the municipalities are not completely sure—or are even rather
sceptical—that the concept would ever be approved or fully implemented. The municipalities’
doubts regarding value capturing in particular relate to the possibility of making a specific prediction
or accurate calculation—that can be approved by the landowners—of the exact land and property
increment values that will arise from the future development of a given infrastructure development.
From the interviews conducted with a number of property developer respondents, we found
differing views with respect to the possibility of using value capturing in the Netherlands. In essence,
property developers are less sceptical of value capturing than municipalities. The idea of
contributing to public infrastructure development based on the extra benefits they received—or will
receive—from that infrastructure seems fair in their eyes. Unlike municipalities, property developers
do not expect that the calculation of increment land and property values caused by public
infrastructure development will be a major problem. The property developers also mentioned that
they would be willing to fully cover the costs of public infrastructure development if that
infrastructure was essential to their business. Generally speaking, their principal concern lies with
the profitability of their own property development, given the uncertainty of market demand. This
uncertainty will likely make it problematic for property developers to contribute to public
infrastructure development. They reluctant, however, of the idea of value capturing becoming a
mandatory and legally enforced as a form of taxation. Instead, they prefer that value capturing be a
negotiable process.
The real estate consultancy respondents also voiced opposition to the idea of implementing
value capturing in the form of taxation. Some argued that a form of taxation already exists—the so
called Baatbelasting—but has been completely ineffective. The introduction of another new tax
specifically for value capturing would be highly problematic, as landowners in the Netherlands have
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the right to all increment value to their properties. On the other hand, the landowners’ development
rights are limited by law and by land‐use and building regulations. The power to grant a building
permit can serve as leverage for local governments to both regulate land use and require a
contribution from the landowners to support public infrastructure development.
Based on some of the aforementioned observations, value capturing is usually considered by
the stakeholders with respect to land development processes in the Netherlands, even though it is
not specifically supported by law. However, certain issues remain that preclude its further
implementation. The primary issue is perhaps related to the difficulty in calculating the amount of
value that should—or can—be captured and would be acceptable to all stakeholders. Moreover,
imposing value capturing through taxation is problematic. An alternate approach is to allow the
stakeholders, typically the infrastructure provider and property owners, to initiate a negotiation
process to reallocate the increment values among the stakeholders. The argument behind this
approach is that the property owners are expected to benefit to a certain extent from public
investments in the infrastructure—in the case of transportation infrastructure, accessibility of the
location is increased, and consequently property values will increase—and might therefore be willing
to voluntarily pay a certain price for that benefit. Ultimately, the property owners’ decision to
contribute to financing infrastructure development by giving up the increment value will depend
upon their profitability in making such a decision.

2.5

Finding the Right Instrument for Value Capturing

Theoretically, with respect to increased land values, direct capturing instruments have a
more suitable rationale than other instruments for value capturing, as their application can be both
legitimised by and based upon the observable/calculated added value that results from public
infrastructure development. In practise, however, these instruments are not always as convincing as
they may seem because of shortfalls and dilemmas that are due to insufficient—or even a complete
lack of—societal and political acceptability. Consequently, despite their shortcomings, it might be
more fruitful to increase the focus on developing innovations in indirect instruments that are based
on negotiation processes.
In this context, we would argue that the discussion regarding who has the right to own the
increment value that results from public infrastructure development must receive less attention.
This is because although the landowner has the right to keep the increment value, he/she can still be
expected to contribute the increment value to help develop a public infrastructure if this decision is
deemed profitable for him/her. On the opposite side of the coin, if the public authority has the right
to capture the increment value, it would be unfair and unacceptable if this action harms the
landowner or will place his/her welfare at high risk. Given this consideration, the decision whether
to take or to give an increment value that results from public infrastructure development should be
based on how profitable that decision will be to both the landowner and the public authority (as a
representative of the community) and this issue of probability is not necessarily should be related to
financial term. Moreover, the agreed contribution of a landowner based on received or expected
benefits would arguably be more acceptable than merely imposing an obligation on the landowner
to contribute without considering the positive or negative effects of that particular contribution. This
agreement can be reached through a deliberate negotiation process in order to strike a balance
between the potential detriment and profitability of capturing a given amount of increment value
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for both the landowner and the public authority. A basic question in such a negotiation strategy is
how much of the increased value can be captured, and the extent that would be acceptable to both
the landowner and the infrastructure provider. However, the most imperative question is not how to
determine the exact amount of the increased value due to the infrastructure development (as
mentioned above, many techniques already exist for this calculation), but rather what a fair share—
or an agreeable distribution of the value increase—is. Given this consideration, the question of
fairness becomes essential in the implementation of value capturing. However, the following
question then arises: how does one determine fairness?
To incorporate fairness into a negotiation process is surely a challenge, as what counts as fair
in different societies and under different circumstances can vary as widely as the discrepancies in
human preferences and behaviours. However, some scholars have attempted to define the most
common structures of fairness. One such attempt is provided by John Rawls in his celebrated work,
A Theory of Justice (Rawls, 1971), in which Rawls introduced the concept of original position as a
hypothetical standpoint from which people—in order to make a judgment or an agreement with
their roles—are concealed from one another as if they stand behind a veil of ignorance. Rawls
argued that using the device of the original position will lead to an egalitarian distribution of goods
and services, which can then be considered a fair distribution. With respect to a negotiation process
between two parties, this egalitarian approach may yield a mutually satisfactory outcome in which
both party’s weighted gains are equal. In this approach, the focus of the negotiation process is to
reach an equilibrium, which is an agreement point, when each party attempts to maximise their own
outcome. The idea of using a negotiation process may also resonate with Coase’s proposal to
overcome externality problems as discussed earlier in this chapter. In his proposal, Coase argued
that the deliberate negotiation to internalise the externalities will automatically assign property
rights in the proper way and will eventually lead to an efficient allocation of resources, provided
there are no transaction costs involved. This argument later became famously known as the Coase
Theorem. As a corollary of this theorem, it can be stated that in a situation in which transaction costs
are not zero and property rights are poorly defined—as is often the case in the real world—resource
allocation would not be efficient (Lai & Hung, 2008). Consequently, in order to achieve the optimum
efficiency with respect to resource allocation through a negotiation process designed to yield a
proper assignment of property rights, it is important to introduce rules that can reduce transaction
costs as much as possible. With respect to value capturing, these rules can serve as instruments to
allow stakeholders to negotiate for a distribution of the increment values with the lowest
transaction costs. We might further expect that the result of this negotiation can be naturally
justified and that any contract that is built upon the outcome would not completely harm any of the
stakeholders.
There can be no doubt that reducing transaction costs and properly assigning property rights
are important goals. However, these two factors are not the only aspects that shape human
interactions and behaviours. Therefore, understanding the other forces that can influence the
results of a negotiation is equally important. In many cases, these forces can be related to—or
influenced by—the way in which the actors exercise their power and their access to information.
Given a particular power structure of actors and the level of information availability, a regulation or
institution may not be enforced or bound in a natural way. Moreover, the existence of a regulation is
not necessarily a substitute for the uncontrolled exercise of power. Building on David Hume’s
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metaphor, a social contract or regulation should naturally be sufficiently firm, like stones in a
masonry arc that stay together without the need for cement or glue. In other words, creating such a
regulation to manage the transaction costs and property rights can only be meaningful if that
regulation is naturally stable and unbreakable. This notion implies that there is little or no benefit in
violating the rule, given the structure of the stakeholders’ interaction in a specific situation. This idea
corresponds to the concept of equilibrium in game theory, which can be viewed as the natural
steady‐state condition given by the interaction structure of interdependent actors based on the
available specific strategies and payoffs (Von Neumann & Morgenstern, 1944). An equilibrium in
game theory—in fact, following from John Rawls’ aforementioned Theory of Justice—has been
introduced essentially to help predict or highlight the outcome of conflicting situations (for example,
a negotiation) in the original position (Binmore, 2005).
Game theory provides the possibility to determine whether a situation has a single optimum
equilibrium, a sub‐optimal equilibrium, multiple equilibria, or no equilibrium. These options give the
idea that an interaction can lead naturally to an optimum agreement, a sub‐optimum agreement,
many agreements, or no agreement whatsoever. In the Appendix A, five classic game‐theoretical
models to explain these situations are described. Among those five classic game‐theoretical models,
outcome of single optimum equilibrium is yielded only in the Simple 2‐person game with dominant
strategy. Therefore, when the interaction structure of stakeholders can be formulated using any of
the other four game models, no single optimum outcome can be expected.
Related to this study, it means that the introduction of new legislation regarding value
capturing might not be necessary, particularly when the stakeholders’ strategy of agreeing to
contribute to value capturing rests on the equilibrium that yields the optimum outcome for the
situation. In this particular situation, value capturing would then be naturally possible and
acceptable to the stakeholders. On the other hand, if no such optimum equilibrium exists for an
agreement, if many equilibria are offered, or if no equilibrium at all can be naturally expected from
the situation, any proposed statutory public intervention should then be able to construct an
interactional structure in order to shift the equilibrium towards the optimum agreement that would
enable value capturing. This shifting means to promote a better payoff structure for all stakeholders
to make value capturing more feasible.

2.6

Conclusions

In this chapter, we discussed several problems related to providing financial means to
develop a public infrastructure. Value capturing has been suggested as a promising solution to these
problems and has attracted the interest of many public authorities around the world, including the
Netherlands. In general, value capturing can be defined as the process of recouping all or a portion
of the increment in land and property values that results from an improvement in certain public
services—rather than from the landowner’s action—to be used for public purposes. A long‐standing
debate has centred on who should receive the value increase that results from public activities, and
this can be related to a broader discussion regarding the content of the rights governing land
ownership. In the Netherlands, this value increase goes to the landowner, and there is no special
legal instrument that acknowledges a public share in the increased value of private property that
accumulates from public investments. In this chapter, we argue that the discussion regarding
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whether public authorities have the right to capture the unearned value that they received from
private properties should not be the central issue in an attempt to promote value capturing.
Without question, the option of transferring the increased value from private landowners to
the public authority must be fair; otherwise, it would promote social efficiency to all parties involved
in the process. Therefore, any regulation to endorse the implementation of value capturing should—
at the very least—not endanger the private landowner’s welfare. This concern was also the central
issue in Coase’s approach to deal with externality problems that can be strongly related to value
capturing, as it can be viewed as a tool for internalising positive externalities. Coase approach
therefore also provides a compelling argument in favour of basing value capturing on an acceptable
negotiation outcome.
We extended our argument with the idea of negotiation, which can be investigated using the
concept of equilibrium in game theory. In a highly simplified manner, value capturing can be
conceptualised as the process of establishing a social contract in order to achieve the optimum
allocation of an increment value that results from a public investment between only two parties
(namely, a public authority and a private property owner). Here, we argue that this process should
be conducted through a negotiation mechanism. Based on the Coase Theorem, as discussed above,
this negotiation process can achieve optimum allocation when there are low—or even no—
transaction costs involved. Because a negotiation without transaction costs is nearly impossible to
achieve in practise, introducing specific regulations to allow stakeholders to negotiate with the
lowest possible transaction costs is important. However, using a game‐theoretical approach, it can
be revealed that having low—or even no—transaction costs alone might not necessarily be sufficient
to create an optimal or efficient outcome.
Using game theory allows one to observe the various equilibrium possibilities that arise
when players are free to interact and make a decision, i.e. with no transaction costs involved. It was
argued that the optimum outcome can only be expected in a case in which the interaction structure
of the stakeholders naturally produces the optimum equilibrium. Consequently, any statutory public
intervention introduced to enforce the interaction of stakeholders towards a specific result without
considering the equilibrium that results from that interaction might well end in failure.
It is true that game theory—and the five classic games in particular—describes the
interaction situation in a highly simplified manner. Moreover, most game‐theoretical models
intrinsically assume that a face‐to‐face negotiation is not always possible, particularly for models
that are based in a non‐cooperative setting. This limitation is a criticism of game theory.
Nevertheless, at the very least, game‐theoretical models facilitate the simple and clear structuring of
interdependent situations. Furthermore, with proper validation, these models can serve as the first
step in raising our understanding of the decision problems faced in value capturing, which might
subsequently serve as the key to achieving higher success in the public‐private co‐financing of public
infrastructure development.
In addition, using the idea of equilibrium to develop instruments for value capturing that are
based on a negotiation process would not only increase the acceptability of the results of value
capturing, but it might also yield a more optimal outcome for the stakeholders. Finding an
equilibrium means finding a natural position for either agreement or disagreement between the
parties involved and might therefore serve as an indicator for whether an agreement can naturally
be reached or not. If an agreement can be reached, then public enforcement will not be needed in
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order to arrive at that agreement; if an agreement cannot be reached, this will provide an idea of
what conditions should be created to allow the stakeholders to reach an agreement. However,
although we do not expect that it would solve all of the problems associated with financing public
development projects, it may at least contribute to any attempts to move in that direction.
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APPENDIX A: Classic Simple Games and Their Equilibria
Here, five different classic simple games in a strategy form with a payoff matrix are
described in order to provide better insight into the idea of equilibrium. In using the payoff matrix,
the interdependent character of the players’ interactions can be manifested. The five classic games
are as follows: Simple 2‐person game with Dominant Strategy, Prisoner’s Dilemma game, Stag Hunt
game, Chicken Game, and Simple 2‐person game without equilibrium. For the sake of illustration, in
each of these games, suppose that there are only two players involved (Player A and Player B), each
of whom has two strategies available: agree or disagree. The payoffs for the players are in an ordinal
form, which means that they correspond to the rank of outcome for a given player. The higher the
rank, the more desirable the outcome will be to the respective player. In this illustration, the payoff
is ranked as follows: a < b < c < d.
1. Simple 2‐person game with dominant strategy
In this game, suppose that both players choose to agree, for which each of them will receive
a certain benefit that is equivalent to a payoff of c. However, if A chooses to disagree while B
chooses to agree, A will receive a penalty that would give him/ her a payoff of a, and B will receive a
payoff of d. The reverse situation is also applied. If A and B both disagree, each player will receive a
payoff of b. This situation can be described using the payoff matrix shown in Fig. 1. The value on the
left side of each box is the payoff to A, and the value on the right side is the payoff to B (for example,
{d, a} denotes that Player A receives a payoff of d and Player B receives a payoff of a).
B
Agree

Disagree

Agree

c, c

d, a

Disagree

a, d

b, b

A

Fig. 2.1. Simple 2‐person game with dominant strategy
To find the solution for this game, (i.e. the Nash equilibrium), each player’s best response
must be identified. Let’s begin with A’s best response to each of B’s two possible strategies. If B
chooses agree, it is better for A to also choose agree—in which A will receive c—than to choose
disagree—in which A will receive a—given that c > a. If B chooses disagree, A’s best response is still
to choose agree, as he/she will receive a better payoff (d) than if A’s response is to choose disagree
(which will give him/her a payoff of b), given that d > b. Thus, agree is always the best response
strategy for A, regardless of B’s strategy. The same holds true for B; whatever A’s strategy is, agree is
always the best response for B. Therefore, the strategy of {agree, agree} is the Nash equilibrium for
this game (noted by the pair of payoffs in bold in the top‐left box). This strategy is also the most
optimum compared to the other strategies that are available to all players, making it the dominant
strategy to choose.
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2. Prisoner’s Dilemma
This game, as shown in Fig. 2.2, is perhaps the most famous of all games in game theory.
Using the same illustration as in the previous game, suppose that there is no penalty if a player
refuses to agree. Consequently, the payoff to each player for the strategy {agree, disagree}—and
vice versa—is changed. In this situation, if one player agrees and the other does not, the player who
agrees will carry a risk that will yield him/her a payoff of a, whereas the player who disagree will
receive the full benefit without any cost, which will give him/her a payoff of d.
B
Agree

Disagree

Agree

c, c

a, d

Disagree

d, a

b, b

A

Fig. 2.2. Prisoners’ Dilemma Game
By applying the same technique to determine the Nash equilibrium as in the previous game,
we find that the best response strategy for both players is to choose disagree, which will yield a
payoff of b for both players. The dilemma emerges from the fact that this equilibrium is suboptimal,
particularly compared to the strategy {agree, agree}, given that b < c. This result does not mean that
there is a paradox of rationality, nor does it suggest a communication problem in forming an
agreement or cooperation. It simply means that in the Prisoners’ Dilemma situation, cooperation will
not exist, as the conditions that are required for rational cooperation are absent, given the relational
structure of the players based on their strategies and payoffs.
3. Stag Hunt Game
The third game, which is shown in Fig. 2.3, was originally used to illustrate the famous Stag
Hunt story by Jean‐Jacques Rousseau; thus, Stag Hunt Game is the generic name used for this game.
With the same ordinal rank of payoffs as in the previous games, two Nash Equilibria can be identified
here: {agree, agree} and {disagree, disagree}. Some might argue that it would be rational for both of
the players in this situation to cooperate and trust one another and therefore choose the {agree,
agree} strategy; given that d > b, this strategy will provide them both with a better payoff. However,
a game theorist would argue that there is nothing irrational about the players not trusting one
another in this situation, and hence it is not that simple to cooperate (i.e. for both to choose agree).
Suppose that A and B are already in the situation when they both choose disagree. Even though A
attempts to persuade B to choose agree, B may remain unconvinced since whatever A is actually
planning to choose, it is always in A’s interest to persuade B to choose agree. Suppose that A
succeeds to persuade B to choose agree; A will receive d rather than a (note that d > a) if A is
planning to choose agree, and A will receive c rather than b (note that c > b) if A is planning to
choose disagree. It means that rationality alone does not allow B to deduce anything about A’s plan
to action from what A says, because A is going to say the same thing (i.e. to ask B to choose agree)
no matter what A real plan may be.
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B
Agree

Disagree

Agree

d, d

a, c

Disagree

c, a

b, b

A

Fig. 2.3. Stag Hunt Game
4. Chicken Game
The fourth game is perhaps more disturbing than the previous game. This game is named
after a juvenile “dare‐to‐crash” car game in which two drivers drive towards each other on a collision
course until one driver swerves or “chickens out” as a coward to avoid a collision. Neither driver
wants to be called a coward or “chicken” by swerving; however, if neither driver swerves, both could
become seriously or even fatally injured by the collision. This game has many applications and has
been used under a variety of names to describe any situation with a total conflict. The same
illustration as in the previous games can be used here by changing the payoff structure. Suppose A
and B choose to agree. Both players will then receive a payoff of c; if one player chooses to agree
and the other does not, the player who agrees will receive a payoff of b and the player who
disagrees will receive d. However, if both players choose to disagree, each player will receive the
worst payoff, a. The payoff matrix for this game is shown in Fig. 2.4.
B
Agree

Not agree

Agree

c, c

b, d

Not agree

d, b

a, a

A

Fig. 2.4. Chicken Game
As in the previous game, this game has two Nash equilibria, but they occur in the strategy in
which a given player chooses the opposite strategy of the other player, i.e. {agree, disagree}.
5. Simple 2‐person game with no equilibrium
Each of the games that we have considered thus far has had at least one Nash equilibria.
However, a game can exist for which there is no single pure strategy with a Nash equilibrium.
Consider the following example shown in Fig. 2.5. For a > b > c > d, no strategy can serve as a Nash
equilibrium for the game.
B
Agree

Not agree

Agree

a, b

d, a

Not agree

b, c

c, d

A

Fig. 2.5. Simple 2‐person game with no equilibrium
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3 A GAME THEORY APPROACH TO THE
ANALYSIS OF LAND AND PROPERTY
DEVELOPMENT PROCESSES
Abstract
Land and property development processes obviously can be seen as a social situation in
which the interaction of individuals or groups of individuals is one of the essential elements. To study
and understand social situations, it is important to analyse how the decisions of actors are
interrelated and how those decisions result in outcomes. In this paper, we propose a game
theoretical modelling approach to analyse it. Hence, the objective of the paper is to investigate the
usefulness as well as the limitations of game theoretical modelling for analysing and predicting the
behaviour of actors in decision‐making processes with respect to the development of land and
property. For that purpose, we have developed game models for the case study of the development
of a greenfield residential location in the Netherlands with respect to the implementation of new
Dutch legislation on cost recovery.
Our study demonstrates that game theory could help us to identify the key strategic decisions
of land and property development projects by showing the different payoffs for stakeholders of their
chosen strategies and selecting the equilibrium in which all stakeholders involved are best of. We also
found many limitations of using game theory in our case study especially regarding the assumptions
underlying the model. However, we conclude that game theoretical modelling can be a useful
decision support tool in spatial planning, because it provides a way to think about the complexity of
strategic interaction and, in particular, about the conflicting structure of collective decision‐making
processes.

3.1

Introduction

Land and property development processes obviously can be seen as social situations in
which the interaction of individuals or groups of individuals is one of the essential elements
(Goodchild and Munton, 1985; Adams and May, 1991; Adams et al., 1985, 1988). To study and
understand social situations, it is important to analyse the decisions of actors and how they are
interrelated and to analyse how those decisions result in outcomes.
Decision‐making processes, especially with respect to land and property development, are,
almost by definition, complex processes (Alexander, 1965; Byrne, 2003; de Roo, 2004). First,
different groups of actors or stakeholders are involved (e.g., landowners, property developers,
various municipal departments, investors, end users and real estate agents) and they respond to
each other’s strategies differently and also with different rationalities. Second, the utility functions
of most of the stakeholders involved are usually based on more than one goal. Financial aspects are
of course very relevant to decision‐making, but the same goes for abstract themes like spatial quality
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and the wish to continue cooperation after completion of the project. These utility functions
probably vary for each stakeholder. Third, many studies have demonstrated the strong link between
the institutional context and market processes which in the end may change the stakeholders’
strategies (Healey, 1992; Van der Krabben and Lambooy, 1993; Keogh and D’Arcy, 1999; Adams et
al., 2005; Buitelaar, 2007). And fourth, there is interdependency among stakeholders’ decisions in
which the decision of one stakeholder will influence or be affected by the decision of other
stakeholders.
This complexity issue is taken in this paper as the starting point for the analysis of decision‐
making in land and property development. The interactions among stakeholders in land and
property development processes can be investigated by case study analysis. However, one of the
disadvantages of this approach is the limited number of successful cases. Moreover, using case
studies analysis could bear some difficulties regarding the influence of unique factors on the results
and hence it would lead to the difficulties of generalization of the insights in behaviour of
stakeholders. An alternative research approach is to use more experimental settings for analysis.
This approach offers the opportunity to study behavioural aspects in relation to responses on
controlled stimuli. Simulation and gaming tools have often been used in experiments with real
players to analyse decision‐making processes in land and property development (see e.g., Devisch et
al., 2005; Havel and Viitanen, 2007; Devisch, 2008). In this paper, alternatively, we propose a game
theoretical modelling approach. Hence, the objective of the paper is, in the above context, to
investigate the usefulness as well as the limitations of game theoretical modelling for analysing and
predicting the behaviour of actors in decision‐making processes with respect to the development of
land and property. Compared to gaming experiments, game theoretical modelling potentially offers
the advantage to select the best possible outcomes of a game, i.e. the equilibriums. Moreover, we
will argue in this paper that game theory is able to conceptualise the structure of relations between
actors in land and property development, which in the end may lead us to a better understanding
about the land and property development process. This may support, for instance, the choice of
development models in the context of the institutional‐economic environment. On the other hand,
we also know from earlier studies that many underlying assumptions in game theory contain
limitations that could reduce the applicability of the results.
To investigate the usefulness of game theoretical modelling with respect to collective
decision‐making in land and property development processes, we have developed a game model for
the case study of the development of a greenfield residential location in the Netherlands. In this case
study, we analyse the strategic behaviour of private developers and municipalities with respect to
the implementation of new Dutch legislation on cost recovery (the Land Development Act, issued
July 1st, 2008). The focus in the case study on the Land Development Act follows from our
assumption that the new legislation not only affects the strategies of the actors involved, but also
the interrelationships between the actors (Korthals Altes, 2006; Van Dinteren et al., 2008). The game
model will thus be employed to analyse the effects of the actors’ changing strategies on both the
outcomes of each other’s strategies and on the equilibriums that can be achieved.
The structure of this paper is as follows. Section 3.2 provides an introduction to game theory
and a discussion of the supposed advantages as well as limitations of applying game theory to urban
planning and land and property development studies. Section 3.3 discusses then how game theory
actually works. In Sections 3.4 and 3.5 we use game theory to construct a model with respect to
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greenfield residential location development in the Netherlands. Section 3.4 presents a brief
description of the land development process for residential use in the Netherlands, introducing the
stakeholders, their strategies and the institutional context in which they operate. In Section 3.5 the
modelling analysis is carried out. It will show the outcomes of the game model, both before and
after the implementation of the new legislation on cost recovery. Finally, Section 3.6 discusses the
usefulness of game theory for modelling land and property development processes and suggests the
next steps for further analysis.

3.2

Why Game Theory?

Game theory is a theory of interdependent decision‐making in which the decision‐makers
involved have conflicting preferences and the outcome of their decisions cannot be determined by
one party or actor only. The roots of game theory derive from decision theory (Myerson, 1991).
However, there is a clear distinction. Decision theory usually analyses decision‐making processes
from one player’s point of view, while game theory emphasizes its analysis in the interaction among
many players. Because game theory focuses on situations in which interactions and interdependency
play a role, it can be seen as an extension of decision theory.
The term ‘game theory’ stems from the resemblance of collective decision‐making situations
to well‐known parlour games like chess, poker, and monopoly (Aumann, 1989). Because of its focus
on conflicting preferences, game theory is often defined as a theory of conflict (Myerson, 1991; Luce
and Raiffa, 1957). Aumann has even proposed to speak of ‘Interaction Decision Theory’ instead of
Game Theory, since the former name more accurately describes the content and focus of the theory
(Myerson, 1991). Modern game theory began in the 1920s with the work of Borel (1921) and Von
Neumann (1928). But it was after the seminal work of Von Neumann and Morgenstern (1944) that
game theory triggered an outburst of interests, especially among mathematicians and economists,
and started to flower as a field of study. Since then, game theory has been profoundly influencing
other fields in natural science, such as biology, physics, and computer science, as well as social
science, including anthropology, psychology, sociology, politics, and philosophy (Kreps, 1990;
Colman, 1999; Hargreaves Heap and Varoufakis, 2004). The increased attention to game theory
especially in social science is based on the idea that it can provide solid micro‐foundations for the
study of collective decision‐making processes and structures and social change (Elster, 1982;
Aumann and Hart, 1992). Furthermore, game theory has the potential to improve our understanding
of social interactions in general and interactive decision‐making in particular. One important
example is the game theoretical model of the prisoners’ dilemma which has been one of the most
prominent analytical foundations for the understanding of problems of collective action (Hardin,
1971, 1982; Ostrom, 2000)5.

5

The study of collective actions has been introduced in the classical work of Olson: The Logic of Collective
Action (Olson, 1965). Olson’s analysis of collective action focuses particularly on the problem of public
goods provision. According to Olson, there is a natural tendency for people with shared interests to act
together in pursuit of those interests. However, there is sometimes a problem of congruence between
individual interests and group interests which is not well explained in Olson’s work. As discussed by Hardin
(1971, 1982), using the game theoretical model of the Prisoners’ Dilemma the divergence of individual
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With respect to land and property development processes, the applications of game theory
so far are limited in number (Berkman, 1965; Mu and Ma, 2007). The lack of attention is perhaps
understandable because land and property development and spatial planning are characteristically
very much context‐driven. The issues of pluriformity, complexity and interdependency have become
much more important in urban societies and, accordingly, in current planning literature (Healey,
1992; Taylor, 1998; Needham, 2007). Modelling those processes, so it is sometimes argued, makes
no sense, because the interactions of the actors involved are undeniably too complex and so much
dependent on the case‐specific circumstances. To argue in favour of modelling land and property
development processes in simplified models may then seem to be odd. However, we will argue
otherwise. This is supported by a review of the analytical tools for studying land and property
development processes by Ball et al., which considers game theory as a promising methodology in
this field of research (Ball et al., 1998; Ball, 1998).
Game theoretical modelling indeed implies, like any modelling exercise, a simplification and
abstraction from the real world. However, in some disciplines, for instance in economics, the
translation of the real world into a formal model is very much accepted and appreciated.
Mathematical approaches to the analysis of complex situations have evolved through time as a very
significant field of study.
Being aware of the limitations to modelling exercises of complex situations, there are some
good reasons to look at the possibilities of game theory as a decision support tool for the analysis of
land and property development. First, one of the benefits of using game theory is that the
construction of a model of complex land and property development requires to define very precisely
the assumptions about the complex reality underlying the model (see Section 5). In line with that, as
a formal model, game theory allows us to see exactly how the conclusions of a model follow from its
assumptions. Of course, the assumptions can and should be discussed, but the outcome of game
theoretical modelling can be described very precisely. In addition, formal modelling also creates a
logical structure for an argument and its accumulation. The logical structure of a model allows a
modeller to add to it or rub out something from it to derive new conclusions and leads to new
insights or the clarification of a problem. Moreover, sensitivity analysis can be carried out in order to
examine the robustness of the model. There are many different ways to define issues and arguments
in urban planning or land and property development. However, without the rigour of a formal
model, we might fail to generalize such argument to other situations. And moving away from
complexity by trying to make a more general structure of arguments may also contribute to increase
the transferability of planning and development strategies internationally6.
Second, many have criticized the notion of rational or payoff maximizing players underlying
game theory, which assumes complete information for each player. However, recent contributions
to game theory seem to offer new opportunities to increase its applicability. In the last decade game
theory has been capable of developing more realistic decision‐making models, including bounded

6

interest and group interest can be clearly explained. For more information about collective action and
game theory (see e.g., Hardin, 1971, 1982; Ostrom, 2000, 1990; Olson, 1965; Oliver, 1993).
Several authors have addressed the problem of the limited international transferability of planning and
development strategies and instruments (e.g., Dolowitz, 1998; Dolowitz and Marsh, 2000; Salskov‐Iversen,
2006; Bulmer et al., 2007; Dolowitz and Medearis, 2009).
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rationality models, models taking account of emotions and intuitive decision‐making, models with
incomplete information and models with asymmetric information positions. In this respect, game
theory is leaving its mathematical heritage and is becoming more and more a behavioural theory of
decision‐making and has lead to much experimentation in game theory (see e.g., Camerer, 2003;
Camerer et al., 2004). Applications of game theory to spatial planning can take advantage of that. In
this paper, however, we stick to the more traditional game theoretical methods. The advantage of
this approach is that it structures the situations to be studied in a simple and clear way. As a first
step, it therefore raises our understanding of the decision problems at stake. In a later stage, it may
be refined and extended into a more sophisticated or realistic model.
Third, results of earlier studies show that it is possible to test and validate empirically the
outcomes of game theoretical modelling. In this respect, we refer to good results of earlier research
(van Deemen, 2006). Validating the preferences of the stakeholders involved and testing the
outcomes of the games to be played can help to increase the applicability of the outcomes of games
in a more general way.

3.3

How Does Game Theory Work?

This section provides a brief introduction to how game theory actually works. Since the main
objective of the paper is to investigate the usefulness of game theoretical modelling for the analysis
of land and property development processes, only the basic concepts of game theory are explained
here, including games, players, strategies, outcomes and payoffs and solution concepts7.

3.3.1 Games
Any game consists of two parts, namely a descriptive part which describes the game under
scrutiny, and a solution part which describes or predicts the outcomes given the description of the
game. This two‐component approach can be compared with a mathematical problem, e.g., in linear
algebra. We then have a set of equations describing the problem and, subsequently, we try to find a
solution of the system of equations. In game theory we describe a collective decision‐making
situation as a game and try to find its solutions. This analogy of game theory with linear algebra
elucidates another important point in game theory. In linear algebra, a system of equations may
have one solution, many solutions or no solution at all. The same is true for games. Basically, three
descriptive frameworks for the games are distinguished: games in strategy form, games in coalition
form or characteristic form and games in extensive form. These three formats have already been
constructed by Von Neumann and Morgenstern (1944). In the case study in this paper (Section 5) we
model the decision‐making processes as a game in extensive form. In this way, we will arrive at a
detailed picture of the structure of land and property development processes and the possible
outcomes of this structure. It is assumed that players decide sequentially, as in playing chess. The
first player makes a move, the second one responds and so on. The whole game can be structured
by means of a so‐called game tree. This can be seen as a graphical representation of the strategic
interactions of the players in Fig. 3.1.

7

General introductions to game theory include (Aumann, 1989; Luce and Raiffa, 1957; Carmichael, 2004;
Dixit and Skeath, 2004).
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Fig. 3.1 Game Tree
Trees are defined in terms of nodes and branches. The nodes in the tree represent the
decisions made by a player, while the branches represent the moves or alternative actions for a
player to choose from. The branches end in different decision nodes at which other players can
make a decision and so on until an outcome is arrived at and the game ends. The nodes representing
these outcomes are called end nodes. Note that a game tree, usually, will have many end nodes. The
node at with the first player makes his decision is called the initial node or also the root of the game.
So, a game in extensive form is a sequence of decisions with respect to possible actions, made by the
players in succession.
It is possible to transform games in extensive form into games in strategic form. However,
games in extensive form are usually more detailed. Conversions into strategic form games therefore
lead to a loss of information which in most cases is difficult to repair. The strategic form game, based
on the game in extensive form, gains in more abstraction and hence in the loss of detailed
information. In principle, it is also possible to move from games in strategy form to games in
coalition form. Again, information will be lost when increasing the level of abstraction. According to
Myerson (1991), games in extensive form usually offer the most richly structured way to describe
the structure of game situations, although sometimes it could seem too complicated. When the
game is showed in detail, this may hinder the analysis, because the fundamental issues are
obscured. The strategic or normal form is offering a simpler construction and, conceptually, it gives
more convenience or purposes of general analysis. Therefore, sometimes it is necessary to represent
the game in both extensive and normal form.

3.3.2 Players
In a game, players are the decision makers. If a player exactly knows where he stands in the
game tree, then we speak of perfect information. If a player does not know where he is in the tree,
he can still estimate the probability that he is at a certain node. We then speak of imperfect
information. In this situation, he does not know the moves made in a previous stage by other
players. A player is a primitive term that has to be linked to an empirical domain in order to get any
meaning. In the case study in Sections 4 and 5, players are interpreted as stakeholders involved in
the process of land and property development in the Netherlands.

3.3.3 Strategy
A strategy can be defined as a contingent plan of actions. It stipulates a priori how the player
will act when a move is made by another player. Players are supposed to be able to choose from a
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set of different strategies. There is a similarity between a strategy in game theoretical terms and the
business meaning of strategy. The strategic management literature (see e.g., Ansoff, 1979) contains
a variety of definitions of the concept strategy, but most definitions have in common that a strategy
contains long‐term goals and objectives, as well as a plan how to attain them. In game theory,
players also aim at a goal, namely utility maximization, and adopt a plan how to achieve this in their
strategy. The essence of game theory is that each player makes his own selection of a strategy, but
the overall result depends on the choices of all. So each player only partially controls the outcome of
a game.

3.3.4 Outcome and payoff
In any game, a clear distinction has to be made between the concepts of outcome and
payoff. An outcome is a social or physical state which may result from the behaviour of the players
or a complete set of strategic selections in the game. In fact, it is the decision, if any, arrived at by
the players collectively. The payoff of an outcome for a player is the value of that outcome for the
player. Different players will, in general, value outcomes differently and, consequently, will have
different preferences over the set of outcomes. The players’ preferences over outcomes are
represented by means of expected utility functions or, as they are called in game theory, by payoff
functions. These presumed differences in individual preferences and hence in the players’ payoff
functions make the notion of conflict very important in game theory. It is because of this reason that
game theory sometimes is called a theory of conflict (Luce and Raiffa, 1957; Jones, 2000). The
individual payoff functions that assign values to outcomes vary across individuals. The best outcome
for one player may be the worst for the other. The basic question therefore is how to solve games
given these different conflicting payoff functions.

3.3.5 Solution concepts
There are several solution concepts for game theory8. However, it is the concept of Nash
Equilibrium (NE) that is certainly most frequently applied (Aumann, 1985). An NE can be defined as a
profile of selected strategies – one strategy for each player – in which no player has an incentive to
deviate from his selected strategy. The strategy selected by any player is a best response to the
strategies chosen by all the other players. Note the complexity of the concept: each player selects a
best response to any other individual strategy selected. Hence, Nash equilibrium is a situation of
best responses toward each other, one strategy for each player. ‘Best’ hereby means that deviating
from the response will not lead to an increase in payoff. Nash equilibrium need not be unique. Many
games have multiple Nash equilibriums. Therefore, in the theory of games in strategic and extensive
form much attention has been paid to refinements of the NE concept. A frequently used refinement
for games in extensive form with perfect information is the notion of sub‐game perfect equilibrium

8

The variation of solution concepts for game theory mainly ensues based on the different types of game
that are played in different situations. Nash Equilibrium is the most common solution concept to be applied
in Non‐cooperative games. While in cooperative games such concepts like the core, the stable set (also
known as the von Neumann–Morgenstern solution) and Shapley value are the most important solution
concepts. For more information (see e.g., Aumann, 1989; Luce and Raiffa, 1957; Carmichael, 2004; Dixit
and Skeath, 2004).
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(SPE). A sub‐game of an extensive form game is a part of the game that as such can be considered as
a game on its own. It corresponds with a sub‐tree in the game tree. An SPE is an NE for every sub‐
game in an extensive form game. Clearly, an SPE is always an NE, but not conversely, hence there
may be Nash equilibriums which are not sub‐game perfect. Therefore, an SPE is a stronger solution
concept than an NE. An SPE can be found by using the backward induction method. This method
starts the searching process after equilibriums at the end of the tree in a sub‐tree. Rolling back
through the several sub‐trees to the root of the tree and analysing for equilibriums lead to a SPE. It is
a backward reasoning method starting at the end nodes of the tree.
All the concepts that have been discussed in this section will be applied in the case study in
the next two sections.

3.4

Case study: Residential Land Development in the Netherlands

The main goal of the case study is to investigate the potential usefulness of game theoretical
modelling in supporting decision‐making processes regarding the strategies to choose for land and
property development. Our case study concerns the game theoretical modelling of greenfield
residential land development in the Netherlands. Compared to, for instance, the transformation of
brownfield locations into residential use, the number of stakeholders is usually limited, which helps
us to use it as a clear study case. Moreover, the choice for this case study allows us to pay attention
to the impact of new legislation on the strategies of the stakeholders and, consequently, on the
outcome of the game. This will demonstrate the usefulness of game theoretical modelling, when
estimating the effects of changes in the institutional context9.

3.4.1 Municipal strategies for greenfield residential land development in the
Netherlands
First, we must define the possible strategies for the municipalities to develop a greenfield
location for residential use within the Dutch context10. The municipality usually takes the initiative
for greenfield residential developments. To make sure that the plan is implemented, municipalities
often decide to take part in the land development process (Needham, 2006). This approach is called
active land policy and is referred to as the public development model, which means that the
municipality acquires all the land to be developed, services the land, readjusts the parcels into
building plots suitable for the desired development and after that releases them to
builders/developers and end users (Van der Krabben and Needham, 2008). This public development
model is also often used in situations that private developers have already acquired land on the
location with the intention to build houses. The private developers usually agree to sell their
unserviced land to the municipality without trying to make profits. In return, they hold a building
claim to the municipality that guarantees them the first right to buy the serviced land, against prices
that have been agreed upon before they sold the unserviced land. This model is usually referred to

9

10

Note that the case study, in its present form, is primarily meant for scientific goals. The results are only of
limited use for strategic advice to the stakeholders involved, due to the empirical restrictions to the game
(see Section 5).
For more information about the Dutch residential land market and residential policies we refer to, among
others (Korthals Altes, 2006; Needham, 2007; Verhage, 2002).
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as the building claim model. This approach excludes competitors from the development and ensures
the private developer a high‐quality location for profitable housing development (Korthals Altes,
2006; Needham and Verhage, 1998; Boelhouwer, 2005)11.
An often used alternative development strategy to the public land development model is a
land development model based on a public private partnership between the municipality and some
of the private developers that have acquired land on the location. The advantage of this model for
both the public and the private actors is that they can share financial risks and expertise. In this
model, the public and private stakeholders involved establish a joint venture land development
company which takes over the role of the municipality in the public development model. This joint
venture company will come to an end, as soon as all building plots are sold. The shareholders in this
joint venture generally agree not to make any profits, but to accept that only the costs of land
development will be covered by the sale of building plots. In turn, the private developers will have
the first right to buy serviced building plots, against prices that may be below market value,
depending on the negotiations between the municipality and the private developer. To support the
development strategy of the joint venture company, the municipality usually agrees to use its land
policy tools, if necessary, including the possibility of a pre‐emption right and expropriation powers.
The above models of public or public private residential land development usually work well
for most municipalities in the Netherlands. However, the active involvement of municipalities in the
land development process is not without risks. Sometimes land development processes will result in
financial losses for the stakeholders involved, for instance because of a drop in the demand for
housing and, subsequently, the demand for land. Therefore, although the development models
above are commonly used for greenfield residential developments, still alternative approaches or
models are in use as well. One of them is known as a local government strategy based on facilitating
land policy. In this model, location development is carried out by one or more private developers,
without any interference of the municipality in the land development process. The instruments of
land acquisition are not pro‐actively used in this model. The municipality initiates the development
by issuing a land use plan, but is not involved in the actual development of the location. One reason
for municipalities to choose this strategy is to reduce land development risks. In practice, this
development model is often used for office or retail development in the Netherlands, but hardly
ever for residential development.
Another strategy for the municipality is to form a joint venture land development company
with one or more private developers that do not own any land on the location, despite the fact that
other private developers do own parts of the location and have the legal right to develop it. The
intention of this joint venture company will be then to acquire the remaining land on the location,
supported by the municipal land policy tools. The private developer participating in the joint venture
land development company will usually be offered a building claim or the first right to buy the
serviced land that is owned by the joint venture. The motivation for the municipality to choose this
strategy might be that the expertise of the selected developer is believed to be better than the

11

It is hard for the municipality to refuse cooperation with the private developers that have already acquired
land. According to Dutch law, landowners that can prove that they have the skills to carry out the planned
development have the legal right to do this. In this situation they cannot be expropriated by the
municipality.
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expertise of the land‐owning private developers; or, the negotiations with the land‐owning
developers have failed because of financial reasons12. The motivation for the private developer to
participate is, again, not primarily the profitability of land development, but the chance to buy the
serviced land to develop houses. In this situation, private developers would usually also accept low
or no profits at all from land development, as long as their participation in the land development
process will guarantee them to buy building plots against ‘acceptable’ prices which is to be
negotiated beforehand.
Table 3.1 Land Development Strategies
Land Development
Strategy
Active land policy by
the municipality
Public land
development

Building claim model

Public private
partnership model

Facilitating land
policy by the
municipality
Private land
development model

Initial situation
on the land
market

Acquisition of
agricultural land

Servicing and
reparcelling
the land

Acquisition of
building plots

Original owners

Municipality acquires
all land

Municipality

Private developers
buy numerous
building plots;
End user buys
single building plot

Private
developers with
intentions to
build houses
Original owners;
Private
developers with
intentions to
build houses

Municipality acquires
all land

Municipality

Private developers
with building claim
buy building plots

Joint venture company
(including land‐owning
private developer);
Joint venture company
(excluding land‐owning
private developers)

Joint venture
company

Private developers
with building claim
buy building plots

Original owners

Private developers;
End users

Private
developers;
End users

End users buy
building plots;
End users already
own building plots

A final strategy for the municipality might be to acquire all land on the location and sell it
directly to the end user (the individual household), offering the end user to construct its own house.
In this paper we leave aside this approach, because municipalities do not often use it for residential
development (though it is the regular development model for industrial estates). They prefer to
cooperate with professional private developers, because they aim at the integrated development of

12

The municipality may consider this strategy in a situation that part of the land on the development location
has been already acquired by private developers, while a substantial part of the land is still in the hands of
the original owners and has to be acquired by the joint venture development company. This will guarantee
the developer participating in the joint venture company that he will still have sufficient development
opportunities on the locations that will be acquired by the joint venture company.
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the location. Moreover, it is much easier for municipalities to sell the serviced land to a limited
number of private developers instead of to thousands of individuals. Besides, as we explained
before, in many cases municipalities do not have a choice, because private developers acquired all
land.
Table 3.1 summarises the different land development strategies that are available for
municipalities.

3.4.2 The New Land Development Act and its impact on land and property
development
The main reason for adopting an active land policy with respect to the development of
greenfield sites (public or public private partnership model) is that municipalities can exert more
influence on the spatial development process compared to the situation in which they adopt a
facilitating land policy. Moreover, municipalities will also have an opportunity to gain some profits
from the development even though it is not their main purpose. In some situations, however, it
appeared to be impossible for the municipality to acquire all land. Some of the land‐owning private
developers did not agree with the public or public–private model and aimed for private
development of the part of the location that is owned by them. Some of them also refused to
contribute to the costs of plan related infrastructure and public space development (Needham,
2007). They are considered as free riders13. Municipalities were lacking the legal tools to require a
financial contribution to plan‐related costs (cost recovery) from those free riders. This has resulted,
for some municipalities, in serious problems with cost recovery of public investments in public land
development processes. To put it in game theoretical terms, the payoff for the municipality of some
outcomes decreased substantially. For that reason, the Dutch Cabinet decided recently (per 1 July,
2008) to introduce new legislation for cost recovery of public investments, for example, costs of
servicing the land, road infrastructure and open space. Under the new Land Development Act, all
landowners that take part in the (re)development can be forced, if necessary, to contribute to plan
related costs. This Land Development Act is expected to provide more flexibility to municipalities
with respect to location development and to make it ‘easier’ for municipalities to (re)develop both
greenfield and brownfield locations (van Dinteren et al., 2008)14. Even when municipalities do not
own land, the private landowners can be forced to contribute to the costs of public investments. In
principle, the new legislation guarantees them the same development result, either with active or
with facilitating land policy.
The consequence of this is that the positions of the stakeholders in the land development
game have changed. The municipalities have gained power in the negotiation processes, while the
power of the private developers has decreased. Results of recent studies (Korthals Altes, 2006; Van

13

This started in the 1990s, after the national government had launched a nationwide policy to develop a
substantial number of large residential greenfield locations (the so‐called VINEX locations). The unexpected
effect of this policy was that private developers started to acquire land at the VINEX locations (while they
had not shown any interest in acquiring land before). The private developers’ strategies led to the building
claim model and, in some situations, to free rider problems. For more information about the development
of VINEX locations (see e.g., Korthals Altes, 2006).

14

A short introduction in English to the Dutch Land Development Act can be found on
www.vrom.nl/pagina.html?id=2706&sp=2&dn=7198.
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Dinteren et al., 2008; Needham, 2007), on the other hand, show that under the old regime most
private developers even without legislation agreed to contribute to plan related costs, because they
expect to benefit from it since a higher quality of the location leads to higher housing prices. In the
game that will be constructed in the next section we will be able to show to what extent the changes
in legislation may result in other payoffs for the stakeholders and other equilibriums.

3.5

Game Construction

3.5.1 Framework for the game
For this study, we have restricted ourselves to the analysis of a game in extensive form or a
game tree analysis. By using a solution concept for the game, the steady‐state situation can be found
to find the best strategy for all players, i.e. the equilibrium of the game. This will allow us to compare
the outcome of complex decision‐making in actual projects with the best outcome of the game for
all players. Here we will discuss the basic elements to construct a game tree, including: players,
strategies and payoffs.
 Players
In line with our discussion in Section 4,we identify four different stakeholders, i.e. players for
the game:
1.
2.
3.
4.

a municipality (M),
a property developer who has not acquired land (PD),
a property developer who has acquired land (PL),
and the original landowner (LO) which usually a farmer.

In reality, the process of land and property development involves more actors, such as the
national government, the province, pressure groups, landowners and/or developers in other
competing locations, but we only consider those four in our game, because they are the crucial
stakeholders in this process. Furthermore, in real situations – on large development locations –
there is usually more than one PD, LO and PL. However, for the sake of simplification, we have
assumed here a small location with only the four stakeholders.
Note that, although in Section 4 we have mentioned the joint venture company as one of the
stakeholders in land and property development, we do not consider it as one of the players. We
consider this joint venture company – which is expected to have a zero profit (or, in game theoretical
perspective: zero payoff) – just as a tool of the municipality and the private developers to maximize
their utility functions. It also should be noted that we distinguish between property developers who
have acquired land and those who have not, because we assume that strategies of both
stakeholders will be different.
 Strategies
In the game we constructed, the strategies are derived from the different land development
strategies that are available for each stakeholder (see Section 4.1). It is important to notice that
almost in every game, strategic interactions of players consist of a mixture of both conflicts and

Chapter 3 – A Game Theory Approach to the Analysis of Land and Property

57

common interests. It implies that players are not only trying to compete with each other but may
also cooperate or reach agreements to form a coalition in order to maximize their total benefits. In
our model, a coalition takes place when the municipality and the property developers decide to
implement a joint venture company to service the land. However, we leave aside the costs of
forming coalitions in the land development game, though it could be a consideration for the players
in assessing the payoff of the game, especially when the joint venture is not functioning as it should
be.
 Payoffs
In the game model presented here we have estimated the payoffs at interval level for every
possible outcome in the game. In order to do that, we first conceptualised the goal of land and
property development process in three sub‐goals that are in line with payoff maximization, which
are (1) the financial result of the development process, (2) the spatial result or the spatial quality
that will be achieved, and (3) the period of time in which the plan will be implemented (‘the sooner,
the better’). However, the relevance of these three different payoffs varies for the different players.
For the municipality, ‘spatial quality’ and ‘time’ are believed to be more important than ‘financial
result’, while for the property developers this is likely to be vice versa. These differences are
expressed in different weights to these three sub‐goal features for every player (total weight of
100% for all three features together). Every player will make an assessment to all outcomes with
respect to those three sub‐goals based on its preferences. For this assessment, every player will use
different variables based on their preferences and reflect the relevance of those variables with
respect to each of the three sub‐goals of land and property development. These variables are shown
in Table 3.215.
To be able to calculate the payoff of all outcomes for each player, we first scored all
variables above. The variables have been valued by scores from 0 to 10. Value 10 means that a
particular variable is very relevant to achieve a particular sub‐goal and value 0 means completely the
opposite. In this valuation, negative values have also been taken into account to show that a
particular variable may be considered to have a negative impact on one of the sub‐goals. The
valuation of each variable is multiplied by the weight of each feature of the sub‐goal, resulting in a
weighted score to all indicators (Appendix B).
Within the context of this game, those variables are jointly responsible for the way each
player assesses the different outcomes. For example, with respect to variable 1, for M outcomes that
have led to the implementation of the plan will be assessed better than outcomes that have not led
to the implementation of the plan. With respect to variable 2, outcomes that are based on the
building claim model will be assessed less than outcomes that are not, because M will expect that in
this building claim model PL will be able to negotiate a better financial result. Regarding variable 3,
outcomes based on a public land development strategy are assessed better than outcomes based on

15

Our estimations are based on our own experiences in this field and earlier research (Van Dinteren et al.,
2008). They are believed more or less to represent the general opinion about the strategies of the
stakeholders. As has been mentioned in the previous section, the payoffs have not been validated. We
believe this is acceptable in the context of this paper, considering the main purpose of the case study
(namely to analyse the usefulness of this approach).
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a private land development strategy. With respect to variable 4, property market conditions are
expected to influence the outcome as well. Outcomes that are based on a joint venture model, as in
variable 5, are assessed better than outcomes that are not based on a joint venture model. And,
finally, with respect to variable 6, it is assumed that outcomes that are based on the strategy of M to
buy agricultural land from LO are assessed better than strategies to buy land from other players. The
end score that results from this exercise is the payoff for M. We have used a similar line of argument
for the other players.
Table 3.2. Variables for outcomes assessment
Players
Municipality (M)

Property Developer (PD)

Property Developer with Land (PL)

Landowner (LO)

1.
2.
3.
4.
5.
6.
1.
2.
3.
4.
5.
6.
1.
2.
3.
4.
5.
6.
7.
1.
2.
3.
4.
5.

Variables
Implemented plan
Give a building claim to PL
Public land development model
Property market conditions
Establish a joint venture company
Buy agricultural land
Opportunity to develop properties
Have a building claim
Property Market conditions
Sell serviced land
Buy serviced land
Buy agricultural land
Opportunity to develop properties
Have a building claim
Property market conditions
Sell unserviced land
Sell serviced land
Risk of servicing the land
Buy serviced land
Land sold
Property market conditions
Land buyer
Cost of selling
Future occupancy of the land

We applied the game for the case of greenfield residential land development within the
institutional context of the Dutch planning system, more specifically under the regime before and
after the implementation of the new Land Development Act. Since this new legislation has been
implemented only very recently, we do not know yet the stakeholders’ strategies under the new
regime. However, there is some empirical evidence supporting our estimations of the payoffs of the
possible outcomes under the new regime from the ex‐ante evaluation of the new law (Van Dinteren
et al., 2008). We have explored the game tree to analyse the differences with respect to the
stakeholders’ strategic behaviour regarding the development process under the old planning regime
and the new one. Additionally, we have predicted the sub‐game perfect equilibrium in accordance
with both games and find out whether they deviate or not. The game we constructed is a static
game and we assume perfect information.
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3.5.2 The game models
The structures of the game under the old and the new planning regime are presented
respectively in Figs. 2 and 3. The structures of both games are identical, because the available
strategies for all stakeholders are the same under both conditions. However, players’ perceptions of
the expected utility of the outcomes of land and property development processes are different, due
to the introduction of the new Land Development Act. The new legislation is expected to lead the
stakeholders to choose different strategies. The differences between both games are visible in the
payoff systems which express the players’ expected utility on the game outcomes.
In the games we constructed, the municipality (M) is the initiator of the game, i.e. the first
mover at the root of the game tree, because in the Netherlands the municipality usually takes the
initiative for land and property development in the Netherlands (Needham, 2007, 2006). As we
explained in Section 3, the municipality can choose between a public land development model and a
private land development model. The public land development model either involves the
municipality as public land developer or a public private joint venture company (together with
private developer). Based on this condition, five different moves can be constructed for M from the
root of the game tree. Four of them are within the public land development model and one strategy
is based on the private land development model. When M decides to choose a development
strategy for the location based on the public land development model, two moves can be
considered: to buy land from LO or to buy land from PL. Other possible moves are to establish a joint
venture company, either with PD or with PL. The final potential move of M is based on the private
land development model, if M decides to allow PL to develop the land. Sequentially, based on these
five different moves by M, the other players will respond and decide to take their moves. For
instance, suppose M chooses to buy land from LO in the first move, then LO will have the chance to
respond. At its decision node, LO can choose either to sell the land to M or not. Suppose LO decides
not to sell its land (and M decides not to make use of its expropriation powers), the game will end at
this point. And suppose that LO chooses to sell its land to M, and then M will service the land and
sell the building plot(s) to PD. At this point, PD will have to respond: it may decide to buy the
building plots or refuse to buy. Both decisions will lead to different end points or terminal nodes as
the outcome of the game. Note that in this game, PD and PL do not have the choice to refuse buying
the serviced land, either from M or the joint venture company, after M has decided to grant them a
building claim, because the building claim model also includes the obligation for PD or PL to buy the
serviced land.
PL and PD might decide to establish a joint venture company with other property
developers. However, this is considered only as a matter of strengthening or increasing their
capacity and capability with respect to land development. The strategy of such a joint venture
company will then be similar to the strategy of the individual property developer PL or PD. That is
why we put this alternative aside from PD’s and PL’s choices of actions. The other alternative we put
aside from PD’s strategy is to acquire land (most likely from LO or PL), because if PD would like to do
this, it will then follow the same behaviour as PL. At the same time, it shows the boundaries of our
model as we did not take into account how and when PL acquired its land.
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3.5.3 Findings
In our models, both under old and new regulation, we found 23 different outcomes at which
the game could end. In specifying the outcomes of the game, we take into account that the final
financial project results as well as the strategies of the players depend on the economic situation of
the housing market. The explanation for this is that the increase of the demand for housing under
favourable market conditions will result in higher housing prices, which at the same time will
increase land prices as well16. Therefore, favourable market conditions on the housing market will
result in more profitable land development, while bad market conditions will result in less profitable
land development. In the game we constructed, the housing market conditions are unknown or
uncertain. For that reason, we incorporated ‘nature’ (or: the economy) as a chance player in the
model and assigned a symmetric probability for good and bad market conditions to it17. The payoff
under favourable market conditions is obviously higher than under poor market conditions.
However, this probability leads to uncertainty when we analyse the best strategy for the players,
because the market conditions cannot be influenced by the player. In order to reduce the
uncertainty, we calculated the expected value for the particular outcomes which are under the
probability condition.
The payoff structure for both games shows the preferences of the players with respect to
every outcome of the game. Fig. 3.2 shows that under the old regime, outcome 17 is the most
preferable one for M, because M will have the highest payoff from it (payoff: 23.4). Fig. 3.3 shows,
however, that outcome 10 is the most preferable for M under the new regime (payoff: 16). The least
preferable outcome for M, both under the old and the new regime, is outcome 22 (payoff: −7.6 in
both situations).

The outcome with the highest payoff for M under the old regime emerges from a
strategy that starts from M’s decision to establish a joint venture company with PD. The
joint venture company then buys land from LO. Subsequently, the joint venture company
will service the land and sells the serviced land to PD. M’s position in the negotiations in a
joint venture company with PD will be better compared to a joint venture company with PL,
because PD has no building claim. With this strategy, M will be able both to implement its
plan and to maximize its profits from the sale of serviced land. Although we argued before
that M does not aim at profit maximization in providing building plots, it does not mean that
they do not benefit from the financial result, because this will give M an opportunity to
cover the negative financial results of other projects. The other advantage of this strategy is
that it will give M the opportunity to share development risks with PD with respect to land
development in the joint venture company.

16

17

Land prices for housing are generally calculated from the residual of the housing price minus the
construction costs.
We assume that the market conditions are uncertain because they depend on many variables; some of
them could be exogenous. Because of its uncertainty, we assign the probability of 0.5 for the emerging of
good market and 0.5 for the emerging of bad market. The term of “A symmetric probability” refers to this
equal probability. The issue of ‘market conditions’ in our model mainly serves to illustrate that this type of
exogenous factors (that influence the players’ strategies) can be included in game theoretical modeling.
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Under the new regime, outcome 17 does not give the highest payoff for M anymore.
Instead, the highest payoff for M under the new regime is given by outcome 10 that
emerges when M decides for the strategy to establish a joint venture company with PL,
while afterwards the serviced land is sold to PD. The explanation for this is that under the
new regime M’s position in the negotiations with PL to contribute to the costs of land
development has improved. M can refuse a joint venture with PL, but instead force PL to
pay for all costs that are necessary to service the land (including for instance infrastructure
and the development costs of recreational areas outside the development scheme). If PL
refuses this, M may decide to expropriate PL (under certain conditions). Since both M and
PL know this can happen, PL might decide to cooperate with M, even under less favourable
conditions. In this strategy, there can still be a financial profit from the sale of serviced land
to PD. Though this explains why (in this situation) the payoff for M is high, it is unlikely (but
not impossible) that this strategy will occur very often, because PL would usually refuse to
participate in the joint venture company with M. Instead PL may decide to sell the
unserviced land to any interested party.
Furthermore, the lowest payoff to M emerges from a strategy that started in the same way
as outcome 17. However, despite of acquiring land from LO, the joint venture company that is
established with PD acquires land from PL. Outcome 22 turns up when PL refuses to sell its land to
the joint venture company, but instead to PD. If this situation would occur, M’s plan for land
development will not be implemented. Moreover, both M and PD will have to pay for the costs of
establishing the joint venture company. Therefore, this outcome gives not only the lowest payoff for
M, but also for PD. Again, it is unlikely that it occurs, because there will probably be a contractual
agreement between M and PD, as partners in the joint venture company, not to acquire land on
their own.
In contrast, the highest payoff for PD both under the old and the new regime is given by
outcome 16. Although the outcome with the highest and the lowest payoff do not change for PD
under the old and the new regime, the payoffs under the new regime are less compared with the old
regime. Under the old regime, the best payoff for PD is 15.4, while under the new regime it is 13.8.
Similar to outcome 17, outcome 16 also emerges from the establishment of a joint venture company
between M and PD. However, outcome 16 emerges from a situation in which PD buys the serviced
land from the joint venture company, while in outcome 17 it is sold to another party.
For PL, the highest payoffs under the old and new regime are in different outcomes. Under
the old regime, outcome 4 is the highest payoff for PL (18.9); under the new regime the highest
payoff changes to outcome 9 (13.2). Outcome 14 means the lowest payoff for PL, both under the old
and the new regime (respectively −6.4 and −5.4). Outcome 4 emerges from a strategy that starts
from M’s decision to buy unserviced land from PL and PL sells the land with a condition that M
grants a building claim to PL. However, under the new regulation, it is better for PL to respond to
M’s strategy that starts from M’s decision to establish a joint venture company with PL (and to grant
PL a building claim).

62

Games and the City

Fig. 3.2. Game in extensive form – land and property development process for residential use in the Netherlands under old regulation

Fig. 3.3. Game in extensive form – land and property development process for residential use in the Netherlands under new regulation
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Finally for LO, it is found that, both under the old and the new regime, outcome 16 has the
highest payoff (respectively 12.9 and 11.7). Outcome 18 gives the lowest payoff for LO (−2.7 both
under the old and the new regime). Table 3.3 gives a summary of the maximum and minimum
outcome for each player18.
The payoff structures of all players show that every player has different preferences with
respect to the possible outcome of the game, both under the old and the new regime. This could
lead to a conflict situation. For the solution, we analysed the steady state of the game by looking for
the sub‐game perfect equilibrium (SPE) using a backward induction method. The result is outcome 1
in which each player’s strategy is an optimal response to the other player’s strategies. Recall that
any SPE is an NE, so that no player has an incentive to deviate. This outcome emerges from the
strategy that started from M’s decision to buy land from LO. Subsequently, M services the land and
sells it to PD. This equilibrium is found for both games, which means that there is no change in
equilibrium of the game after the introduction of the new regulation. However, the payoffs in the
SPE under the new regime are lower than under the old one.
Table 3.3. Maximum and Minimum Payoffs for Stakeholders
Old Regime
Maximum

New Regime

Minimum

Maximum

Minimum

Outcome
number

Payoff

Outcome
number

Payoff

Outcome
number

Payoff

Outcome
number

Payoff

M

17

23.4

22

(‐7.6)

10

16

22

(‐7,6)

PD

16

15.4

22

(‐9,8)

16

13.8

22

(‐5,4)

PL

4

18.9

14

(‐6,4)

9

13.2

14

(‐5,4)

LO

16

12.9

18

(‐2,7)

16

11.7

18

(‐2,7)

Stakeholders

Obviously, the payoff structure at SPE is lower than every player’s best payoff. Particularly,
PL’s payoff is low, but PL holds no position to negotiate for a better payoff with the other
stakeholders. It proves that in this game we can find more than one NE. However, these NEs are not
credible or, in other words, they are not sub‐game perfect. Therefore they cannot be considered as
the final solution for the game. Table 4 summarises the payoffs for each stakeholder at SPE both
under the old and the new regime.
The game theoretical modelling in this case study leads to the conclusion that the new
regulation will not result in an alternative equilibrium outcome. Though the position of the
municipality in the negotiation process, in contrast to the other players’ positions, has improved
under the new regulation, it would nevertheless be wise for the municipality to continue with the
same development strategy as before. This is in line with the outcome of the results of the ex‐ante
evaluation of the impact of the new regulation (van Dinteren et al., 2008). It is also in line with the
objectives of the new legislation. As we explained in Section 3.4, the intention of the new legislation

18

Note that, in general, the payoffs under the new regime are lower than under the old regime. It means that
for the players, the importance of such strategies to achieve their development goals under the new
regulation is less than under the old regime.
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is not to change development practices, but to offer municipalities a safety net in the rather
exceptional cases that free riding private developers/landowners do not want to contribute to the
municipality’s land development costs.
Table 3.4 Payoffs at SPE
Payoff

3.6

Player

Old Regime

New Regime

M

20.7

15.2

PD

13.8

11.8

PL

0

0

LO

10.8

10.8

Conclusion

By making use of game theory, we have analysed stakeholders’ strategic behaviour in land
and property development processes. To investigate the usefulness of game theory for modelling
decision‐making processes in land and property development processes, we have built a game
theoretical model of a typical greenfield residential development in the Netherlands concerning the
implementation of new Dutch legislation on cost recovery. Our study has demonstrated that game
theory helps to identify the key strategic decisions to be made in this type of development projects,
shows the different payoffs, in relative terms, for stakeholders of their chosen strategies and enables
to select the equilibrium situations in which all stakeholders are best of. However, we are also aware
that the case study, in its present form, still contains many limitations. In this final section we discuss
the problems that must still be solved to increase the attractiveness of game theory for decision
support with respect to land and property development.
First, as long as the strategies of the stakeholders in the model are not based on empirical
data, the usefulness of the outcomes for decision support is only limited. However, it is certainly
possible to validate the preferences of the stakeholders, for instance by making use of stated
preference techniques. Moreover, the outcomes of the game can also be tested by playing the game
with real stakeholders or experts in a laboratory situation.
Second, initially game theory assumes that the players possess complete information about
the strategies of the other players. This assumption underlies our model as well. It implies that each
player knows the strategies and the payoff functions of the other players. Unfortunately, in practice,
stakeholders do usually not hold complete information about the strategies and payoff functions of
the other players. Moreover, stakeholders may withhold information for strategic use. This reduces
of course the usefulness of the outcomes of the model as presented here. However, games with
incomplete information (the strategies or payoff functions of one or more players are unknown or
partially known), imperfect information (a player does not know for sure where he stands in the
game) or asymmetric information (some players are better informed than others) are more and
more studied, especially in microeconomics. An alternative approach which applies to games in
strategy form is to repeat a game several times through time. This will give the players the
opportunity to learn and to adapt their strategies accordingly. This is also meaningful in the case of
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incomplete information: starting with incomplete information in the beginning of the game, the
players will collect information during repeatedly playing the game. They then will be able to learn
rationally and update their conjectures about the other players’ strategies and payoff functions by
observing the other players’ behaviour. Even in the case of conflicting optimal strategies of the
stakeholders, repeated games would give the stakeholders the opportunity to adjust their strategies
to the strategies of other stakeholders. Fudenberg and Levine (1993) and Kalai and Lehrer (1993)
revealed that rational learning in repeated games eventually can lead the game to reach the
equilibrium.
Another limitation regarding game theory is its notion of rationality with respect to the
behaviour of the players. This notion also underlies our model. Of course, the assumption that
individuals act perfectly rational may never match a real‐life situation. However, recent
developments and experimentation in game theory pay more attention to behavioural aspects of
the player, including bounded rationality, emotions and intuitive decision‐making. It can be used in
further research to increase the reliability of the model.
Finally, the application of game theoretical modelling to complex decision‐making processes
like in land and property development processes, involves, by definition, the simplification of reality
in the model. There are much more coincidental events involved and much more linkages between
types of actors (e.g., informal relations between stakeholders) and mixed types of actors in reality.
One example of this simplification problem is the path dependency of the tree. In our model, we
have assumed that the municipality will start the tree, but it is also possible in a real‐life situation
that other stakeholders will start the tree which will probably lead to different outcomes. Although
we believe that more complexity can be built in, game theoretical models – like any other model –
are always an abstraction of reality. However, these presumed weaknesses can also be seen as
strength, as modelling exercises are often used in other research fields as decision support tools. In
general, models coerce the accuracy of argument. Models force the modellers to be explicit in
expressing the assumptions, and in arriving at conclusions by deduction. They have to show how a
particular conclusion derives from certain assumptions. The game models in this paper are able to
capture the logic of the process of land and property development.
Furthermore, models help us to discipline and formalize intuition. Intuition, undoubtedly, is
central to any understanding, including in modelling. However, intuition alone is not reliable.
Although the results of many models agree with our intuition, not all intuitions can be supported by
models. Game theoretical modelling can be one of the tools for exploring the strategic logic of
situations. It forces us to be specific about the characteristics of conflicting situations.
The specific advantage of game theory in formal modelling is its focus on strategic
interaction and conflict in collective decision‐making processes. It naturally leads us to consider the
individual strategic decisions and their interdependency in relation to collective outcomes. In
addition, game theory provides a way to think about the complexity of strategic interaction and, in
particular, about the conflicting structure of collective decision‐making processes. When the game is
constructed, the choices of the players and their consequences are specified as demonstrated in this
study. That specification is a representation of a conflicting structure. Different players want
different things, opt for different outcomes. A game tree is an expression of rules about how to play
a game and structures in this way the conflict among the players. Different sets of rules will, ceteris
paribus, lead to different games and hence to different structuring of social conflict. This structural
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variation in games may help us understand the consequences of social conflict in collective decision‐
making processes. In sum, we strongly believe that game theory, compared to alternative modelling
techniques, offers a promising approach for modelling land and property development processes,
because it takes account of the complexity of the process and the assumptions in the model can be
validated empirically.
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APPENDIX B
Present
regulation

Aspects of
preference

Municipality
(M)

Relevance to achieve goals with respect to
Spatial Quality
Score

Plan's
implemented
Plan's not
implemented
No building
claim
Building claim to
PL
Building claim to
JV member
Active policy
Passive policy
w/ prop. dev't
Passive policy
without prop.
dev't
Good market
Bad market in
active policy
Bad market in
passive policy
Serviced land
unsold in active
policy
Serviced land
unsold in
passive policy
Join service with
PL
Join service with
PD
Alone
Land from LO
Land from PL
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Developer
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Selling
unserviced land
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unserviced land
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Risk taker in
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4 NEGOTIATING LAND AND PROPERTY
DEVELOPMENT: A GAME
THEORETICAL APPROACH TO VALUE
CAPTURING
Abstract
Purpose:
The results of the analysis attempt to provide an understanding on how a phenomenon or process of
collective action with regard to in value capturing can be expected to happen in a certain way, which
in the end it may contribute to the more successful implementation of value capturing.
Design/methodology/approach:
Game theory is utilized to model the structure of relations between the actors involved. Game theory
is a mathematical approach to study collective decision‐making situations in which the decision
makers involved have conflicting preferences. Here, we consider the implementation of value
capturing as the result of an agreement between a municipality and landowners to contribute to the
costs of public infrastructure development which in essence is a form of collective action.
Findings:
The paper is not only demonstrating the usefulness of game theoretical modelling in conceptualising
relations between different stakeholders in the implementation of value capturing and suggesting
the best possible strategy for every stakeholder; but also observing the limitations of the methods in
analyzing the behaviour of actors involved in decision‐making processes with respect to value
capturing.
Originality:
Unlike most of value capturing studies which focused on either a valuation point of view (how much
value can be captured?), a governance or instrumentalist point of view (which instruments can be
effective for value capturing?), or a political point of view (to whom belongs the increment value that
is the result of government investments or decisions?); this paper emphasizes an alternative
perspective, namely the decision‐making or negotiation process of value capturing by relying on
game‐theoretical approach.

4.1

Introduction:
Capturing

Public

Infrastructure

Financing

and

Value

The financing of public infrastructure as a necessary condition for urban development
projects has long been subject of many debates and discussions. Mainly, the problem has emerged
as a result of the fact that governments have limited traditional sources of finance – which are
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mainly based on tax revenues – in providing and develop all desired infrastructures. With the
increase of infrastructure scale and demand, there is a necessity for a greater collaboration between
the public and private sector in infrastructure investment (Adair et al., 2011). In looking for
alternatives extra funding for public infrastructure development, governments generally try to find a
way that allows for efficient economic performance, financial justice, and social facility (Banister &
Berechman, 2000). Value capturing, to a certain extent, may offer an opportunity to achieve those
goals (Batt, 2001; Doherty, 2004).
Value capturing can be defined as a process by which all or a portion of the increments in
land and property value that resulted from the implementation of special public improvements,
land use change or any other actions attributed to the public effort are recouped by the public
sector and used for public purposes (Brown & Smolka, 1997; Lari et al., 2009). A long tradition exists
considering value capturing as a tool for public infrastructure investment. Meanwhile, many studies
have been carried out with respect to value capturing (for instance, The RICS Policy Unit (2004)
compiled a review of the literature on relation of public transport and land values). A substantial
part of this literature is aimed at providing the empirical evidence of land and property value
increases associated with the improvement of transportation infrastructure, especially rail transit,
and the associated increased accessibility of the location (see e.g: Al‐Mosaind et al., 1993; Diaz,
1999; Ryan, 1999). And yet in practice, the method is still not easy to be implemented. There are
only few sources that explain the decision making process with respect to the implementation of
value capturing. This could lead to the question whether value capturing might be a feasible method
to co‐finance infrastructure development.
One of the difficulties in implementing value capturing is related to the technique to
determine the exact amount of increment value of land and properties directly resulting from the
future improvement of the infrastructure service level. But perhaps the more imperative difficulties
arise from the fact that value capturing, like any other common alternative resources of public
funding, usually involves the introduction of fiscal interventions such as taxes, fees, exactions and
charges (see e.g. Higginson, 1999; Batt, 2001; Gihring, 2001). The introduction of new fiscal
programs may often be received with great scepticism from the public. Moreover, proposals for this
kind of fiscal innovations often lack sufficient political support. As a result, land and property owners
in many countries have a legal right to enjoy the (major part of the) increment value of their land
and properties without any obligation to return it to the public, as for instance is the case in the
Netherlands (Gielen, 2008).19 Consequently, the decision of the land and property owners to
contribute to the financing of infrastructure development by giving up (part of) the increment value
becomes dependent upon the profitability of such a decision for them. In addition to that, such a
decision also entails interdependency between the private and public stakeholders that are involved
in the implementation process of value capturing. An attempt to understand this interdependency
and the way it can be organised and influenced might therefore be the key to a more successful
implementation of value capturing, and conceivably, public‐private financing of infrastructure
development in general.

19

Land and property owners must pay property taxes, but those taxes do not concern the increment value.
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In this paper, we offer a theoretical exploration of the interaction and interdependency
among actors involved in the implementation of value capturing, by relying on concepts and
approaches drawn from game theory. The objective of the paper is therefore – apart from improving
our understanding of interdependency of main stakeholders in value capturing – to investigate the
usefulness as well as the limitations of game theoretical modelling for analyzing the behaviour of
actors involved in decision‐making processes with respect to land and property development in
general and the implementation of value capturing in particular. Game theory will be utilized to
conceptualise the structure of relations between the actors involved, which in the end may lead us
to a better insight into the plausibility of value capturing strategies.
The structure of this paper is as follows. Section 4.2 provides an introduction to game theory
and a discussion of the supposed advantages of game theory analysis especially related to this study.
In section 4.3, we develop some hypothetical cases of value capturing implementation and construct
game theoretical models to analyse them. Section 4.4 presents a discussion about the results of the
game theoretical analysis and the usefulness of game theory for modelling the implementation of
value capturing. Finally, section 4.5 provides some conclusions and suggests steps for further
research.

4.2

GameTheoretical Modelling

Game theory is a mathematical approach to study social interactions (Myerson, 1991). It
focuses on collective decision‐making situations in which the decision makers involved have
conflicting preferences. Its focus on the conflicting preferences has became the reason for some
experts to describe game theory as a conflict theory (Luce & Raiffa, 1957; Myerson, 1991). Aumann
(1989) even proposes to speak of Interactive Decision Theory instead of Game Theory, since the
former definition more accurately describes the content of the theory.
The interdependency of conflicting decision‐making behaviour is an important element in
game theory. This interdependency makes that the outcome of a game cannot be determined by
only one actor. Thus, the outcome must be considered as a collective decision. Consequently, each
actor tries to examine what strategies the other actors could perform and will adjust his or her own
choice of action based on the expected actions of the others. Only by doing this, an actor can
optimize his or her expected value of the outcome or, in game theoretical term, the payoff.
Another important element in game theory is the notion of rationality of individual decision
makers, which means that they always try to maximize their expected utilities. To model rational
individual decision making, Von Neumann & Morgenstern, in their seminal book (1944), formulated
the so‐called expected utility theory which essentially is a theory of individual structures of
satisfaction related to a particular outcome produced by a certain decision. In the further
development of game theory, the concept of payoff has been introduced instead of expected utility.
With this notion of rationality, game theory provides a simulation of individual’s interest‐based
behaviour which often results in what is known as a non‐cooperative situation, or a situation in

80

Games and the City

which players compete and make decisions independently although their strategies and the
outcomes of those strategies are interdependent to one another.20
As a model, a game is an abstraction of a real decision making situation. To construct a
game, there are at least three aspects that must be defined (Colman, 1999), including:
 players
 strategies
 payoffs
The players in a game are the decision makers. A player is a primitive term and can only
receive a meaning in an empirical setting. In this study, players are interpreted as actors involved in
the implementation of value capturing in land and property development. A player is assumed as a
unitary actor that makes decisions as if it is one single decision body (i.e. the municipality or the
transport company can be considered as a players).
A strategy is a complete plan of actions which defines what a player might do in any given
situation during the game (Colman, 1999). There is a similarity between a strategy in game
theoretical terms and the business meaning of strategy. The strategic management literature
contains a variety of definitions of the strategy concept, but most definitions have in common that a
strategy contains long‐term goals and objectives, as well as a plan of how to attain them (see e.g.
Barney, 2002). In game theory, players also aim at a goal, namely utility maximization, and adopt a
plan of how to reach this in their strategy. All players make their own choices by selecting a strategy,
but the result for each player is partly dependent on the choice of the other player. This gives a
strong notion of interdependency in game theory.
The third element in game theory is payoff. A payoff can be defined as the numbers
associated with each possible outcome resulting from a complete set of strategic selections by all
the players in a game (Colman, 1999). Higher payoff numbers are attached to outcomes that are
valued higher in a player’s rating system. The main assumption in game theory is that each player
attempts to achieve as high a payoff for him or herself as possible in a game. It is important to make
a clear distinction between the concepts of outcome and payoff. An outcome is a social or physical
state which may result from the behaviour by individuals in the game. In fact, it is the decision, if
any, arrived at by the players collectively. The payoff of an outcome for a player is the value of that
outcome for the player. Different players will, in general, value outcomes differently. Usually, it is
assumed in game theory that these outcome values are measured at the interval level (by means of
expected utility functions). Clearly, it is here where conflict is brought in into the game. Players will
have different valuation systems over the set of possible outcomes and hence different preferences
over the outcomes. The individual payoff functions that assign values to outcomes vary across
individuals. What the best outcome is for one player may be the worst for the other. The basic
question therefore is how to solve games given these different payoff functions.

20

Game theory can be distinguished into cooperative and non‐cooperative. A game is called cooperative when
players can make binding agreements and non‐cooperative when there is no possibility of doing so.
Cooperative games mainly deal with the situation in which groups or coalitions of players make decision
together and involves the allocation of benefits from cooperation. The basic idea in cooperative games is
that each player can gain more payoffs, i.e. arrive at a better outcome, by forming or joining a coalition.
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The most simple and common way to represent those three elements especially in non‐
cooperative game, is to use a strategy form with a matrix that contains payoffs for any possible
strategies for every player. In this matrix, the interdependent character of the players’ interaction is
manifest.
The construction of a game based on those three elements in the form of payoff matrix
attempts to describe the strategic situation under scrutiny. It is however only one part of game
theory. The other part is to investigate and predict the outcomes given the description of the game.
The most eminent solution concept for games is the Nash Equilibrium. Technically, a Nash
equilibrium can be defined as a profile of players’ strategies such that no player individually has the
incentive to deviate from its strategy, given that the other players adhere to their strategy (Osborne,
2004). A Nash equilibrium may therefore be seen as the outcome that is based on the best strategy
that every player can take in a game. In principal, the theory of strategic games concentrates upon
the existence of Nash equilibrium and/or on its refinements. It is possible however that a game may
contain more than one Nash equilibrium or, even, no equilibrium. In the case when a game contains
multiple equilibriums, a player can vary his use of strategies instead of choosing one strategy, hence,
creating a mixed strategy.

4.3

GameTheoretical Analysis of Value Capturing: A Conceptual
Approach

In this section we consider land and property development processes in which a contribution
of the landowner to the costs of public investments in infrastructure is negotiated between the
municipality and the landowner. Concerning the analysis of value capturing strategies, a game
theoretical approach might offer some advantages. First, it can be used to study stakeholders’
interactions and their inter‐related decision behaviour in the implementation of value capturing. The
game might give an insight into how stakeholders behave strategically in deciding how to achieve
the best outcome. Secondly, the implementation of value capturing, in essence, is the result of an
agreement among several stakeholders to contribute to the costs of public infrastructure
development. Both forming and managing an agreement is the result of collective actions. Focusing
on collective actions, game theory is well‐suited to study the implementation of value capturing.
Moreover, game theory is not only suitable to describe collective actions but also to explain how
collective actions work (Aumann, 1985). The explanations may provide an understanding of how a
phenomenon or process of collective action with regard to value capturing can be expected to take
place in a certain way.
From an analytical perspective, the main concern of this section is to provide a theoretical
illustration of a game theory application to analyse the possibilities of value capturing assuming that
the stakeholders involved act on their self‐interest. In this situation, although each stakeholder
makes a decision independently, the outcome of the stakeholders’ actions cannot be decided
individually and it depends on the particular actions or decisions taken by all stakeholders together.
Consequently, each stakeholder has to take into account the expectation of what the others are
doing in making his or her decision.
Regarding the increment value to be captured as a result of public infrastructure
development, it is assumed to exist – in other words, there is a benefit to the landowner – and that
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there is no dispute about its exact amount. We would argue here that the discussion of value
capturing implementation will not be brought to the table if the increment value is still unclear.
Furthermore, in this illustration, it is assumed that both the location of the development and the
parties involved are clear for all stakeholders, in order to avoid a boundary dispute over which party
should be included or not in the value capturing. We assume that, for the municipality, the value
that can be captured is ‘substantial’ (without it, the municipality will face substantial deficits in the
budget). For the landowner, the contribution is also ‘substantial’ (however, the contribution will not
bring him into insurmountable financial problems). Furthermore, we assume that no legislation
exists that obliges landowners to contribute. The implementation processes of value capturing are
expected to be the result of strategic decisions of both the public infrastructure developer (usually a
government institution, e.g. municipality), with respect to the development of the infrastructure,
and the landowner(s), with respect to the financial contribution to the necessary investments for the
infrastructure development. Hence, the game‐theoretical analyses aim at modelling the decision‐
making processes of both parties.
To analyse the implementation of value capturing, first we consider two different
hypothetical situations, first with two players – the municipality and a landowner – as a basic model
of the analysis and second with three players by adding one more landowner to the game,
representing the more complicated situations with multiple players, which are often called n‐person
games. In these games, the municipality (M) is the increment value creator and the landowner (L) is
the increment value receiver. Suppose the development of infrastructure will increase the value of
land and property by a rate of ρ. It means that if the land has a total initial value of x, the
development of the infrastructure will give the landowner an additional value of ρx which then
creates a total value or payoff of x + ρx or x(1 + ρ) for the landowner. There are two strategies
available to the landowner, which are to contribute and not contribute to the infrastructure
development. At the same time, the municipality also has two options: to build and not build the
infrastructure. Value capturing is implemented if only if the landowner agrees to give the increment
value ρx to the municipality as a contribution to the infrastructure development when the
municipality decides to build the infrastructure. Let’s now consider two different situations in which
value capturing might take place:
(a) The municipality cannot build the infrastructure if the landowner does not agree to give
the increment value ρx as a contribution to the development.
(b) The municipality will build the infrastructure without the contribution from the
landowner, but it still expects the contribution afterwards.
Two game‐theoretical models using a payoff matrix can be constructed for the two
situations (Fig. 4.1 and 4.2).
Municipality
Build
Not build
Land‐
owner

Contribute

x, ρx

x, 0

Not contribute

x, 0

x, 0

Fig. 4.1 Two‐person value capturing game for situation (a)
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Municipality
Build
Not build
Land‐
owner

Contribute
Not contribute

x, ρx

x, 0

x(1 + ρ), 0

x, 0

Fig. 4.2 Two‐person value capturing game for situation (b)
In both models, the {contribute, not build} strategy is removed because it is very unlikely for
the landowner to give a contribution when the municipality decides not to build or develop the
infrastructure. In situation (a), the {not contribute, build} strategy is also removed because here the
municipality cannot build the infrastructure without a contribution from the landowner.
As discussed earlier, the Nash equilibrium for those games can be identified by investigating
each player’s best response strategy. In (a), the Nash equilibrium can be found in two strategies:
{contribute, build} and {not contribute, not build}. Since value capturing can be expected to take
place in the {contribute, build} strategy, it means that value capturing is plausible in this situation. As
the game has however two equilibriums, this situation suggests that value capturing is not the only
best strategic behaviour to choose by the players involved.
Two Nash equilibriums are also found in (b) but not completely in the same pair of strategies
as in (a). Here, the Nash equilibriums are found in the {not contribute, build} and {not contribute, not
build}strategies. It means that value capturing is implausible to take place in this situation, because
the strategy that suggests it is not the best strategic behaviour for the players to choose.
To complicate the situation, games for situations with three players can also be constructed
as a basic model of a multiple player game for value capturing. In these 3‐person games, an
additional landowner is introduced to the model, which is denoted as Landowner 2. This player
performs a similar strategy as the other landowner who was introduced earlier and here denoted as
Landowner 1. Suppose the total initial values of Landowner 2’s land and properties are denoted by y,
the development of the infrastructure will thus give a total payoff of y + ρy or y(1 + ρ) to Landowner
2. With this additional player to the games, there are now eight pairs of strategies available in the
game instead of the four that were found in the game with two players. The game‐theoretical
models of three players for both situation (a) and (b) are given in Fig. 4.3 and 4.4 respectively. As in
the previous games, the strategies in which one landowner or both landowners contribute to the
infrastructure development when the municipality decides not to build it, is removed from the
game; as well as the strategies in which the municipality build the infrastructure while none of the
landowners contributes. The latter is applied only in situation (a) where the municipality cannot
build the infrastructure without a contribution from the landowner.

The Nash equilibrium of these two games are not all the same as in the games with
two players. In situation (a), the Nash equilibrium is only found in the {not contribute, not
contribute, not build} strategy which means that the strategy not to contribute to the
infrastructure development is a pure strategy that should be chosen by all the landowners,
while at the same time, it is best for the municipality not to build the infrastructure at all.
This equilibrium shows that the implementation of value capturing is completely implausible
in this situation.
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Municipality

Contribute
Land‐
owner
1
Not
contribute

Build

Not build

Land‐
owner
2

Contribute

x, y, ρ(x + y)

x, y, 0

Not
contribute

x, y(1 + ρ), ρx

x, y, 0

Land‐
owner
2

Contribute

x(1 + ρ), y, ρy

x, y, 0

Not
contribute

x, y, 0

x, y, 0

Fig. 4.3 Three‐person value capturing game for situation (a)

Municipality

Contribute
Land‐
owner
1
Not
contribute

Land‐
owner
2

Land‐
owner
2

Build

Not build

Contribute

x, y, ρ(x + y)

x, y, 0

Not
contribute

x, y(1 + ρ), ρx

x, y, 0

Contribute

x(1 + ρ), y, ρy

x, y, 0

Not
contribute

x(1 + ρ), y(1 + ρ), 0

x, y, 0

Fig. 4.4 Three‐person value capturing game for situation (b)
In situation (b), there are two Nash equilibriums found which are {not contribute, not
contribute, build} and {not contribute, not contribute, not build}. Similar to situation (a), value
capturing in this situation is also implausible since the two equilibriums are found in a situation in
which all the landowners should not contribute to the infrastructure development.
Value capturing seems to be implausible in almost all situations shown above because, with
the simple structures used in our examples, it does not give a better payoff to the landowners.
Hence, the game does not yield a Nash equilibrium that suggests value capturing. In order to adjust
the Nash equilibrium towards the strategy that allows value capturing, two options can be taken into
consideration. The first option is to increase the payoff for landowners when choosing contribute to
such an extent that it exceeds the payoff for choosing not contribute. The other option is by lowering
the payoff of choosing not contribute for the landowner so that it is below the payoff for choosing
contribute. The first option can be achieved by offering or taking into account any additional
incentives or benefits to a landowner for giving up the increment values to the municipality. The
second option can be achieved by introducing a penalty or a fine to a landowner when he or she
chooses not contribute, in the situation when the municipality decides to build the infrastructure.
Afterwards, the value of the penalty should be given to the municipality as an additional payoff.
Let’s now analyse the games for these two options. First is with the introduction of
additional incentives for landowners when choosing contribute. Suppose the additional incentive to
a landowner for contributing to the infrastructure development is denoted by π, then π should be
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higher than the increment value created by the infrastructure development, i.e. π > x(1 + ρ) or π > ρx
and π > y(1 + ρ) or π > ρy. The payoff matrix for the games with two players for situation (a) and (b)
are now given by Fig. 4.5 and Fig. 4.6 respectively, while Fig. 4.7 and 4.8 present the game with three
players for respectively situation (a) and (b).
Municipality
Build
Not build
Land‐
owner

Contribute
Not contribute

x+π, ρx

x, 0

x, 0

x, 0

Fig. 4.5 Two‐person value capturing game with additional incentives for situation (a)

Municipality
Build
Not build
Land‐
owner

Contribute
Not contribute

x+π, ρx

x, 0

x(1 + ρ), 0

x, 0

Fig. 4.6 Two‐person value capturing game with additional incentives for situation (b)

Municipality

Contribute
Land‐
owner
1
Not
contribute

Land‐
owner
2

Land‐
owner
2

Build

Not build

Contribute

x+π, y+π, ρ(x + y)

x, y, 0

Not
contribute

x+π, y(1 + ρ), ρx

x, y, 0

Contribute

x(1 + ρ), y+π, ρy

x, y, 0

Not
contribute

x, y, 0

x, y, 0

Fig. 4.7 Three‐person value capturing game with additional incentives for situation (a)

Municipality

Contribute
Land‐
owner
1
Not
contribute

Land‐
owner
2

Land‐
owner
2

Build

Not build

Contribute

(x+π), (y+π), ρ(x + y)

x, y, 0

Not
contribute

(x+π), y(1 + ρ), ρx

x, y, 0

Contribute

x(1 + ρ), (y+π), ρy

x, y, 0

Not
contribute

x(1 + ρ), y(1 + ρ), 0

x, y, 0

Fig. 4.8 Three‐person value capturing game with additional incentives for situation (b)
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In games with two players, the change of the Nash equilibrium only takes place in situation
(b) where the Nash equilibrium is now shifting from {not contribute, build} strategy to {contribute,
build} strategy. It suggests that the implementation of value capturing is now plausible in this
situation. Nevertheless, in both games, the Nash equilibrium is also found in the pair of strategy {not
contribute, not build} which means that the solutions for these games are not a pure strategy since
there is another strategy which can be considered as a best response for all players.
The same phenomenon also occurs in games with three players. In both games for situation
(a) and (b), the Nash equilibrium are found in two pairs of strategies: {contribute, contribute, build}
that suggests the implementation of value capturing with all landowners, and {not contribute, not
contribute, not build} that suggests no implementation of value capturing at all and no infrastructure
development.
Now let’s analyse the games with the introduction of a penalty or a fine to landowners for
choosing not contribute. Suppose the fine is denoted by φ which is given as a certain proportion of
the total value of land and properties affected by the infrastructure development. It means that if a
landowner refuses to give a contribution to the development of the infrastructure, he or she will
receive a payoff of x(1 + ρ)(1 – φ), while at the same time the municipality will receive φ x(1 + ρ) as a
payoff. In order to make sure that the landowner’s payoff is higher when he or she contributes to
the infrastructure development after the municipality decides to build it, the fine should satisfy
1

.

By introducing a penalty to landowners for choosing not contribute after the municipality
decides to build the infrastructure, the distinction between situation (a) and (b) becomes irrelevant.
Consequently, there is only one game constructed for two players and also one game for three
players. These two games are given in Fig. 4.9 and 4.10 respectively.
Municipality
Build
Land‐
owner

Contribute
Not contribute

Not build

x, ρx

x, 0

x(1 + ρ)(1 – φ), φ x(1 + ρ)

x, 0

Fig. 4.9 Two‐person value capturing games with penalty

Municipality
Build

Contribute
Land‐
owner
1
Not
contribute

Land‐
owner
2

Land‐
owner
2

Not build

Contribute

x, y, ρ(x + y)

x, y, 0

Not
contribute

x, y(1 + ρ)(1 – φ), ρx + φy(1 + ρ)

x, y, 0

Contribute

x(1 + ρ)(1 – φ), y, φx(1 + ρ) + ρy

x, y, 0

Not
contribute

x(1 + ρ)(1 – φ), y(1 + ρ)(1 – φ), φ(x + y)(1 + ρ)

x, y, 0

Fig. 4.10 Three‐person value capturing games with penalty
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There is only one Nash equilibrium found both in 2‐person and 3‐person games which gives
the two games a pure strategy. In the 2‐person game, this strategy is the pair {contribute, build}and
in 3‐person game, it is the {contribute, contribute, build} strategy. It means that the implementation
of value capturing in these situations is naturally the only strategy for the stakeholders to choose.
This result suggests that manipulation of the payoff structure might put forward the Nash
equilibrium towards the desired solution.

4.4

Discussion: Investigating the Applicability of Game Theory

As demonstrated in the previous section, game‐theoretical approaches can be used to
analyse the implementation of value capturing and to contribute to our understanding of complex
collective decision making. Nonetheless, the real world seems to be much more complex than the
model abstraction in game theory as constructed in this paper. In this section, we therefore will
discuss the validity of game‐theoretical models we have introduced earlier by investigating how
useful these models are to explain and understand about the reality of value capturing. In order to
do so, first we will discuss about the specific (Dutch) institutional context within which value
capturing is applied. This will include a brief discussion of the land development regime and value
capturing mechanisms, specifically in the Netherlands. Secondly, we will discuss the results of the
empirical testing of the models based on a survey among real estate professionals in the
Netherlands, to observe how close the survey results are from what has been suggested by the
game‐theoretical models.

4.4.1 Land Development and Value Capturing in the Netherlands
Dutch municipalities have always felt responsible for the development of land and they have
had high ambitions for the way in which they want their land to be used (Needham, 2007). For that
reason, municipalities in the Netherlands frequently choose a public land development approach,
also known as active land policy. With this approach, municipalities actively purchase all required
land to be developed, readjust the parcels into building plots suitable for the desired development,
service the land by providing necessary infrastructures and utilities, and after that release the
parcels to builders/developers and occupiers (van der Krabben & Needham, 2008). Supported by
subsidies from the central government, this practice has not only made municipalities to be able to
steer land development as they desire but also led to a public predominance in land development
and serviced building plots supplies.
In the 1980s, the Netherlands encountered a hard economic recession that forced both local
and national governments to cut their budgets which consequently has changed the role of
municipalities in land development. Municipalities have turned their focus to a more passive role by
relying on law instruments including land use plans and building permits, to control land
development process. In contrast, private parties gradually have taken over the land market,
specifically in land supply, especially since the rise of the housing market and increase in housing
price in 1990s (Priemus & Louw, 2003). Since then, municipalities have experienced several
problems if they want to maintain their ambitions in land use, which are related to such aspects
including property rights, economic interests of users and owners, and most importantly, the
financing of public infrastructures and facilities (Verhage & Needham, 2003; Louw, 2008).
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As land supplies are increasingly in private hands and subsidies from central government are
decreasing, municipalities have to work out alternative ways to finance public infrastructure and
utilities developments. Value capturing has been labelled as one of promising means to overcome
this problem. In 2001 and also in 2004, the Dutch national government issued a memorandum on
Land Policy which included a consideration to make (better) use of value capturing (VROM, 2001;
2004; RVW, 2004). However, the succeeding government had a negative attitude to it and until now
there is no legal instrument in the Netherlands that specifically allows for value capturing.21
Conceivably, the reluctance to value capturing is derived from the fact that the general system in the
Netherlands has considered that the value increase of land caused by any change of the admitted
land use falls to the landowner, which means that landowners have a right to enjoy the increment
value caused by public investments for themselves without any obligation to give it back to the
public (de Wolff, 2007; Munoz Gielen, 2008).
In 2008, Dutch government introduced a new Spatial Planning Act (Wet ruimtelijke ordening)
that enlarges the possibilities of public authorities to enforce private developer to contribute to
public infrastructure investment. Based on this legislation, private parties can be forced – if they do
not contribute voluntarily – to contribute to the financing of plan‐related costs of public works.
However, this regulation is limited to cost recovery even though the benefits that are received by
the private parties as a result of the public infrastructure development may exceed the development
costs.

4.4.2 Possibility of value capturing: a survey on game theoreticalmodels
Due to the lack of a specific legal instrument, it is essential (in the Dutch context) to
understand the effects of a decision of the public authorities to implement value capturing on the
behaviour of private actors and the consequences for the profitability of the investments by both
parties. Game‐theoretical models that are constructed in section 3 have provided some theoretical
perspectives about the possibility of value capturing, by taking into account the interactions
structure and the inter‐related decision behaviour of stakeholders involved. In this section, we aim
to compare the outcome of the models with similar games played by real actors. In order to do so,
we have carried out an empirical testing of the models based on a survey among Dutch real estate
professionals.
In this survey, we focused on the decision behaviour of landowners with respect to value
capturing to observe their preferences in contributing to the financing of public infrastructure, by
giving up the increment values (which are the result of that infrastructure). To illustrate their
behaviour, we constructed a hypothetical situation where there is only municipality and landowner
involved in value capturing. In this situation, the municipality is the increment value creator and the
landowner is the increment value receiver. We refer to a study by Van der Krabben et al. (2008) that
calculated the potential for value capturing in three Dutch station redevelopment projects,
illustrating the amount of the increment value to be contributed by the landowner or captured by
the municipality. The landowner has two strategies: to contribute or not to contribute the increment

21

Actually, municipalities do have a legal instrument for value capturing (baatbelasting or profit tax), but
this instrument is never used because of serious legal problems (Munoz Gielen, 2008).

89

Chapter 4 – Negotiating Land and Property Development

value to the municipality for the infrastructure development. The municipality also has two options:
to build the infrastructure and not to build the infrastructure. Given this hypothetical situation, the
respondents were asked to reveal their preferences about their possible strategy by taking into
consideration 10 different decision moments, associated with the games in Fig. 1 to Fig. 10 which
have been constructed in section 3. There are 39 professionals involved in this survey. The results of
the survey are given in table 4.1.
Table 4.1. The result of the survey
Game
1

Game
2

Game
3

Game
4

Game
5

Game
6

Game
7

Game
8

Game
9

Game
10

# Contribute

15

5

3

4

23

22

22

22

37

37

%

38,5

12,8

7,7

10,3

59,0

56,4

56,4

56,4

94,9

94,9

# Not contribute

24

34

36

35

16

17

17

17

2

2

%

61,5

87,2

92,3

89,7

41,0

43,6

43,6

43,6

5,1

5,1

From the table, we can see that most of respondents prefer to choose to give no
contribution in game 1 to 4, which means that value capturing is not plausible in the corresponding
situations. Recalling from section 3, these results relatively resemble what has been suggested from
the analyses for game‐theoretical models as shown in Fig. 1 to Fig. 4. As discussed earlier, the model
in Fig. 1 suggests that to contribute is not the only best strategic behaviour to choose by the
landowner. With a result of 38,5% of the respondents willing to contribute and 61,5% against value
capturing, it means that the difference between the two options is relatively close. The analyses for
the models that are shown in Fig. 2 to Fig. 4 in section 3 suggest that value capturing is implausible
to take place in the corresponding situations, because the option to contribute to the infrastructure
development is definitely not the best strategic behaviour for the landowners. The results of the
survey strongly confirm this with around 90% of respondents not in favour of value capturing in
game 2 to 4.
From the survey we also found that for game 5 to 10, most of the respondents prefer to
choose to contribute, which means that value capturing is plausible in the corresponding situations.
Recalling from Section 3, these games are reflecting the situations in which the payoff structure is
manipulated by two different kinds of interventions, namely by offering additional incentives or
benefits to a landowner for giving up the increment values to the municipality (in game 5 to 8) and
by introducing a penalty or a fine to landowners when they choose not to contribute (in game 9 and
10). As discussed in Section 3, although game 5 to 8 suggest that the implementation of value
capturing is plausible in these corresponding situations, the strategy to contribute is not a pure
strategy for landowners since not to contribute can also be considered as their best strategy. In the
survey, we found for game 5 to 8 that the differences between the result of respondents who
choose to contribute or not to contribute are very small with almost equal percentages, as shown in
table 1. Meanwhile, the results of the survey for game 9 and 10 show that almost all respondents
choose to contribute. This result confirms the analysis for the associated games in Section 3 that
suggested a high possibility of value capturing since in the situations as described for these games,
the decision to contribute is the only best strategy for the landowner.
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From the survey, we found that the results of the game‐theoretical analyses are confirmed
when the situations are countered by real actors. These results also confirm that game‐theoretical
approaches can be used to analyse the implementation of value capturing and to contribute to our
understanding of complex collective decision making. Nonetheless, the real world seems to be much
more complex than the model abstraction in game theory as constructed in this paper. One possible
comment is that, in the case of the actual implementation of value capturing, this usually takes place
in a dynamic settings instead of the static one as employed in this paper where the decisions are not
taken simultaneously by all players but sequentially. Moreover, all game‐theoretical models
constructed above are based on non‐cooperative approaches. Problems have been recognized from
those models especially when the game consists of more than two players. In those situations, a
non‐cooperative game cannot take into account the increasing significance of coalition formation
among players, which will bring a concern to things such as cooperation, organizational structure,
compromise and threat.
Nevertheless, we believe that – as the next steps in the construction of the model – at least
part of those complexities can be brought into the model. For instance, the dynamics of the situation
when players are interacting in sequence setting can be modelled using games in extensive form
(Samsura et al., 2010). Furthermore, to take account of the increasing significance of coalition
formation among players especially when the situation involves multiple players, the game can be
constructed with a cooperative approach using coalition form (Kahan & Rapoport, 1984; Samsura &
Van der Krabben, 2011).
With respect to land and real estate development processes, the applications of game
theory so far are limited in number (Berkman, 1965; Batty, 1977; Mu & Ma, 2007). Nevertheless,
since the issues of pluriformity, complexity and interdependency have increased in many land
development process (Needham, 2007), we believe that game theory and game‐theoretic modelling
might offer a means that could lead to new and fruitful insights into the analysis of land and
property development in particular and urban studies in general. Game theory is also well‐suited to
explain social dilemmas and collective actions in land development processes. The explanations will
provide new motivations about why such phenomena or processes of collective action with regard
to land and property development processes occurs in a certain way.

4.5

Conclusion

The concept of value capturing is often studied from either a valuation point of view (how
much value can be captured?) (e.g. Benjamin & Sirmans, 1996; Debrezion et al., 2007; Hess &
Almeida, 2007), from a governance or instrumentalist point of view (which instruments can be
effective for value capturing?) (e.g. Batt, 2001; Gihring, 2001; van der Krabben & Needham, 2008),
or even from a political point of view (to whom belongs the increment value that is the result of
government investments or decisions?) (e.g. Claydon & Smith, 1997; Fordham, 1989; Gielen &
Tasan‐Kok, 2010). The present paper emphasizes an alternative perspective to value capturing,
namely the decision‐making or negotiation process underlying value capturing. Depending on,
among other things, the status of the legislation for legislation, the amount of value that can be
captured and power relations between the stakeholders involved, value capturing is the outcome of
a process of negotiations between stakeholders. For a better understanding of the decision‐making
process, the paper suggests modelling experiments and discusses the initial explorative concept of
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game‐theoretical modelling. The analysis has focused on the stakeholders’ strategic behaviour with
respect to value capturing. By employing game‐theoretical models, this paper has been
demonstrated how this approach can be useful for such an analysis and can improve our
understanding about collective decision making problems in the implementation of value capturing.
The models offer a useful method to conceptualise relations between different stakeholders.
Furthermore, by taking into account stakeholders’ responses to each others’ strategies, the solution
of the game can be used to suggest the best possible strategy for every stakeholder.
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5 FUNDING TRANSPORT
INFRASTRUCTURE DEVELOPMENT
THROUGH VALUE CAPTURING: A
GAME THEORETICAL ANALYSIS

5.1

Introduction

As already mentioned by Te Brömmelstoet and Bertolini (2011), the development of major
transportation infrastructure and location development (i.e. residential areas, industrial estates,
office and retail parks) increasingly takes place in an integrated way. An integrated approach may
not only contribute to a better, more sustainable spatial outcome of the development process (from
the society’s point of view), but it might also be more efficient, although the increased complexity
may have an unintended counter effect on efficiency as well (Van der Krabben et al., 2008).
Moreover, in financial terms, the integrated approach also provides new opportunities. Traditionally,
the public investments in transportation infrastructure are based on tax revenues. Usually, the
according budgets available for transportation infrastructure development are limited and – almost
by definition ‐ not sufficient to develop all desired infrastructure. In looking for alternative funding
for transportation infrastructure development, governments should try to find a way that allows for
efficient economic performance, financial justice, and social facility. When transportation
infrastructure and location development are combined, value capturing methods may, to a certain
extent, offer an opportunity to achieve those goals (Banister and Berechman, 2000; Batt, 2001).
Debrezion et al. (2011) has paid attention to the issue of value capturing. Here, we define value
capturing as a process by which all or a portion of increments in land value, that resulted from the
installation of special public improvements or any other actions attributed to the ‘public effort’, are
recouped by the public sector and used for public purposes (Smolka, 2000; Smith and Gihring, 2006).
Many studies have been carried out with respect to value capturing. A large part of that literature is
aimed at the empirical evidence of the incidence of rising land and property value associated with
the improvement of transportation infrastructure, especially rail transit, and the associated
increased accessibility of the location (see e.g. Diaz, 1999; Ryan, 1999, Du and Mulley, 2006).
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However, there are limited sources that explain the decision‐making process with respect to the
implementation of value capturing methods, and that answer the question, whether value capturing
might be a feasible method to finance infrastructure development projects.
The increment land and property values can be considered as positive externalities,
generated by public goods provision, that should be internalized (Webster and Lai, 2003; Van der
Krabben and Needham, 2009). Referring to the new institutional economics framework, externalities
problems are generated by a ‘failure’ in the definition and assignment of property rights (see e.g.
Coase, 1960; Barzel, 1997). Therefore, the implementation of value capturing should take into
account the clarification and assignment of property rights, which suggests the importance of
interdependency and cooperation among stakeholders involved. From the new institutional
economics perspective, there are some difficulties in implementing value capturing. One of the
problems is the difficulty of capturing the increasing land value, especially when the land owners
refuse to give it up, because the property rights over the increment land value had been assigned to
them initially. As mentioned by Barzel (1997), property rights of individuals over assets consist of the
rights or power to consume, obtain income or benefit from, and alienate their assets. It means that
land owners have the right to enjoy the increment value themselves without any obligation to give it
back to the community. Therefore, in a situation where the property rights are well assigned – i.e. to
the land owner in the Netherlands, who will receive the increment land value (Munoz‐Gielen, 2008)
– it will be problematic to apply value capturing unless the institutional arrangements with respect
to the assignment of property rights over the increment land value will be changed, or the parties
involved will start a bargaining process to reallocate the increment land values among them.
Real‐life bargaining processes to reach a consensus and agreement between a
transportation infrastructure developer and a location developer are often muddy and obscure. In
this chapter, we offer an analysis of bargaining processes in the implementation of value capturing
methods as internalization mechanism for the externalities, by relying on concepts and approaches
drawn from game theory.
A game theoretical approach provides a way to formulize the interdependency and
cooperation among stakeholders (infrastructure provider, land owners, property developers) in
complex decision‐making projects. Moreover, it can be used to examine the structure of individual
decisions (Samsura et al., 2010; Te Brömmelstoet and Bertolini, 2009, and Chapter 2 of this book by
the same authors). This approach is elaborated in this paper to provide an analysis in implementing
value capturing methods. The institutional setting of land development related to infrastructure
development and funding in the Netherlands will be used to provide an empirical context to the
analysis. The transition that we analyze in this chapter is the integration of infrastructure and
location development and the related financial opportunities of value capturing. Thus, we aim to
contribute to the development of a new generation of financial tools for integrated infrastructure
and area development.
The structure of this paper is as follows. In Section 5.2, we will discuss value capturing and
externalities problems in detail. Section 5.3 provides an introduction to game theory and a
discussion of the supposed advantages as well as limitations of applying this approach to analyse the
bargaining process in implementing value capturing methods. Section 5.4 presents a brief
description of issues related to value capturing within the context of location and infrastructure
development processes and its funding mechanisms in the Netherlands. In this section, the
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stakeholders involved will be introduced along with their strategies and the institutional context in
which they operate. In Section 5.5, the bargaining model, based on a game theoretical approach will
be constructed with respect to the implementation of value capturing methods in the Netherlands.
Finally, Section 5.6 discusses the usefulness of bargaining game theory for modelling the
implementation of value capturing processes and suggests the next steps for further analysis.

5.2

Value Capturing and Externalities Problems

As mentioned above, the increment land and property values to be captured can be
considered as positive externalities generated from public goods provision. From an economic
perspective, attempts should be made to solve the externalities problem (see e.g. Webster and Lai,
2003; Van der Krabben and Needham, 2009). Therefore, value capturing can be considered as a set
of tools to internalize the increment land and property values and thus as the solution for
externalities problems.
In any economics textbook, the discussion about solving externalities problems almost
always refers to the works of Pigou (1920) and Coase (1960). Pigou’s approach on externalities
focuses on the market equilibrium outcome, which has to be Pareto efficient. The presence of
externalities will break down this equilibrium, because the externalities will make the private
marginal costs diverge from the social marginal costs associated with each party’s actions. The result
is that parties will face the ‘wrong’ price, which will lead to an inefficient allocation of resources.
Pigou’s solution for this situation is to levy taxes, to force private marginal costs to meet social
marginal costs. However, this solution will raise some problems. First, it requires an omniscient and
also benevolent tax authority, because it should know the exact tax level to reach marginal social
costs. Moreover, this tax authority will be insensitive to rent‐seeking behaviour. Second, there is a
problem of fairness with the Pigouvian tax concept, because it does not necessarily consider the
damage done to parties when they are being taxed and induced to produce at social optimum
efficiency.
Coase’s approach tries to deal with these problems. He argues that the market itself is able
to solve the problem of externalities: when property rights are well‐assigned and transaction costs
are zero, resource allocation is efficient and independent of the pattern of ownership (Coase, 1960).
This principle is well known as the Coase Theorem. Based on this principle, the producers of negative
externalities or the receivers of positive externalities should not be taxed, instead they should
bargain to decide how and to what extent the externalities could be reduced (see among others
Calabresi, 1968; Dahlman, 1979; Varian, 1994).
Considering value capturing, taxes, fees, and regulatory instruments are often used as its
main tools (see e.g. Smolka, 2000; Batt, 2001; de Wolff, 2007). However, using Coase’s terminology,
land and property owners have the right to enjoy the increment values of their land and properties,
while at the same time the infrastructure developers also have the right to take benefit from it.
Therefore, bargaining and negotiation should take place among the parties involved to arrive at the
agreement upon the efficient allocation of the increment land value as well as the compensations to
reach such agreement. In this chapter, the cooperative game theoretic approach is applied to
analyse the implementation of value capturing based on the Coase Theorem. The main assumption
in cooperative games is that the parties can make binding agreements about the distribution of
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payoffs without any cost and the solution will be the most desirable coalition structure for all parties
involved.
However, Coase’s approach goes not without problems, especially, because the prerequisite
of zero transaction costs is a very strict one, which is often not fulfilled in real situations.22 Moreover,
the ability of parties to make a commitment upon the ex‐ante agreement to share the outcome in
the end is doubtful (Samuelson, 1995). In this kind of situations, the non‐cooperative game
theoretical approach should be taken into account. The main assumption in this approach is that the
parties involved choose strategies separately to get the most desirable outcomes of bargaining for
each of them. However, in this chapter, we make use of the cooperative game, because we have
reasons to believe that in the case of spatial planning in general and infrastructure and location
development decisions in particular the parties involved will be able to make a commitment.

5.3

Bargaining Game: A Brief Description

In general terms, bargaining can be defined as a process to reach mutual agreement or a
contract between two (or more) parties upon a choice of one specific alternative from a given set of
alternatives available to them. Bargaining also involves the exchange of consideration among the
parties involved. Problems in bargaining arise when the parties involved have conflicting interests
over the available set of alternatives. Hence, the main issue that confronts the parties in a bargaining
situation is the need to reach an agreement. A main focus of any theory of bargaining is on two
intertwined properties, namely, efficiency and distribution. Efficiency relates to the possibility that
the agreement can be reached by the parties involved after some costly delay, while distribution
relates to the issue of how the gains from the outcome of the agreement are divided among the
players.
Our main tool in analyzing bargaining situations is game theory, or, to be specific,
cooperative game theory. Game theory has been applied widely to analyze collective decision‐
making situations in which the decision makers involved – or, in game theoretical terms, the players
– have conflicting preferences or interests (Samsura et al., 2010). It provides a bag of analytical
concepts to study the situations in which the conflicting decision‐makers interact. Game theory uses
mathematics as its main language, although the theory itself is not necessarily mathematical
(Myerson, 1991). A game is called cooperative, if the players are able to form binding commitments,
and are called non‐cooperative, if otherwise. In general, the cooperative game theory approach is
used to analyse situations in which the players find and implement the solution jointly or by forming
a coalition. There are two main focuses in a cooperative approach. The first is to find out the
coalition structure which gives most benefit to all players. And the second is to observe how the
members of a coalition will distribute the outcome or revenues available to the coalition among
themselves. In game theoretical terms, this is called the payoffs. One of the basic questions in the
cooperative approach is “How will the payoff be distributed among the players?” There are many
solution concepts for this problem, among which is the core concept. A core payoff vector is a payoff

22

Coase was fully aware of this, when he defined the theorem. In fact, what Coase wanted to show is the
reverse of the Coase Theorem: “when transaction costs are positive it does matter how we have defined an
attributed our property rights” (Buitelaar, 2007, p. 22).
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distribution among the players that cannot be improved by any coalition. That is, no other coalition
can be formed in which the individuals gain more payoffs. Clearly, the core is a strong equilibrium
concept and, as such, a powerful predictor for games in coalition form. Note that the core may
consist of many core payoff vectors and hence need not be unique. However, there is also a
possibility that a game has an empty core. In fact, any constant‐sum game, in which the sum of the
payoffs to the players is a constant, always has an empty core. Therefore, other solution concepts
have been developed to predict the payoff distributions for this kind of game such as stable set and
Shapley value (see e.g. Kahan and Rapoport, 1984; Owen, 1995; we will discuss it in more detail in
the next section). Mainly, cooperative game theory uses the characteristic function form as its
descriptive frameworks. In characteristic function form, a game is given as a pair (N,v), where N
denotes a set of players and v: 2N R is a characteristic function in which a value is assigned to each
coalition (called the value of the coalition). The basic idea in coalition making is that each player can
gain more payoffs; hence arrive at a better outcome, by forming or joining a coalition.
In the case of value capturing implementation, cooperative game theory is applied to
analyse the situation in which infrastructure developers and location developers agree to cooperate
in pursuing their development goals by forming a joint venture, but it is still not clear for them how
they are going to cooperate. Value capturing implementation in the form of distribution of
increment value is one of the considerations that all the parties involved will take into account in
deciding the form of cooperation. Therefore, this formulation will reflect the bargaining situation
among the parties involved in the infrastructure and location development process, especially in
relation to how they are going to divide the increment land and property value when they want to
make a partnership or a joint venture.
However, like any modelling exercise, inescapably, game theoretical modelling indeed
implies a simplification and abstraction from the real world. Moreover, the game theory approach is
usually claimed to be too abstract and its underlying assumptions too unrealistic, including complete
information, rational behaviour of players, and the unitary character of players. One might claim
that these assumptions are violated in real‐life situations. With regard to complete knowledge,
stakeholders might not know exactly in which game they are playing and moreover, they might lack
information on the preferences of their opponents. The assumption of rationality has also met
criticisms. First, are stakeholders able to make a consistent ranking of their preference? And
secondly, if stakeholders are capable of defining their preferences, do they indeed act in an optimal
way? Another question is whether stakeholders are indeed unitary actors, or whether they
themselves are a collection of decision making actors who cannot speak with one voice. Several
authors have discussed problems with these assumptions (see e.g. Aumann, 1990; Hargreaves‐Heap
and Varoufakis, 2004). Also, experimental evidence shows how people might make different choices
than theory would predict (e.g. Goeree and Holt, 2001; Plous 1993).
However, as discussed by Aumann (1985), the assumptions in game theory should not be
attacked, but instead the theorems and conclusion resulting from the modelling. A complete
rejection of the assumptions in game theory is indeed not useful, but repairing several assumptions
in particular setting of the game can make the theory better applicable and more relevant. In
addition, game theory has been capable of developing more realistic solutions in the last decades for
several of the assumptions that are discussed above (Camerer, 1991; Goeree and Holt, 2001).
Incomplete information has been modelled in Bayesian games (Harsanyi, 1967). Myerson (1998)
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developed a general theory of cooperation under uncertainty and Aumann and Mascheler (1995)
also worked on the issue of incomplete information. A reply to the rationality assumption has been
the idea of bounded rationality (Simon, 1978). Although no formal version of Simon’s idea has been
developed, Aumann (1997) reviews some of the approaches that game theory has used to deal with
rationality, such as evolutionary dynamics and the use of computer simulations.
However, here we stick to the more traditional game‐theoretical methods with the
underlying expected utility maximising model and rational behaviour. The advantage of this
approach is that it structures the situations to be studied in a simple and clear way. As a first step, it
therefore provides insight into the decision problems at stake, which in a later stage may be refined
and extended into a more sophisticated or realistic model. As we shall see, even the classical
methodology of game theory creates useful insights into the case of value capturing
implementation.

5.4

Spatial Development Process and Value Capturing in the
Netherlands

From a policy perspective, the main concern of this paper is the possibilities for value
capturing in cases that the development of infrastructure is integrated with property development.
In those cases, it is assumed that property developers benefit financially from the increased
accessibility of the location as a result of the public investments in infrastructure: end users
(companies or households that will buy or rent the property) will accept higher prices or rents,
because they prefer locations with high accessibility. On the other hand, the public authorities that
are responsible for the infrastructure development are often confronted with substantial gaps in the
available public budgets for infrastructure development. In such situations, there seems to be room
for negotiation or bargaining: when property developers benefit in financial terms from the public
investments in infrastructure, it makes sense that the public sector asks the private sector for a
financial contribution to the necessary investments.
The next section presents a game theoretical model focusing exactly on these negotiations
for value capturing. In the present section we pay attention to the context in which those
negotiations take place. What is the rationale for value capturing? How much value can be
captured? And how is the development process for those integrated developments organised?

5.4.1 Rationale for value capturing
The Dutch national government aims to reduce mobility problems by, among other things,
large public investments in new road infrastructure and public transport, but struggles to find the
resources to finance these plans. To resolve the financial problems, innovative financial
arrangements with respect to both road infrastructure and public transport development are being
investigated. The Raad voor Verkeer en Waterstaat (RVW), the advisory board to the Minister of
Transport, has suggested to implement improved instruments for value capturing in projects that
combine large infrastructure development with location development (RVW, 2004). This proposal is
supported by another influential advisory board, the VROM Raad, which advises the Minister of
Spatial Planning (VROM Raad, 2004). The assumption underlying those proposals is, that the public
investments in infrastructure and / or public transport will improve the accessibility of
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(development) locations connected to the new infrastructure or public transport link, which will
result in higher property prices and rents (Van der Krabben et al., 2008). The RVW defines value
capturing as:
“… a group of instruments that enable capturing, directly or indirectly, the increased value of
land and property as a result of public investments in transport infrastructure, and to use it for
financing the activities that are responsible for the increased values”. (RVW, 2004, p. 47; translation
by the authors).
It is clear that financing infrastructure projects or public transport plans would be made
easier, if the government body involved could capture value increases. One of the issues here is,
however, what the rationale is for value capturing. For a better understanding of this issue, we refer
to the distinction, made by Van der Krabben and Needham (2008), between the concepts of cost
recovery, creaming off development games, and value capturing. ‘Cost recovery’ refers to a situation
where the costs of public works in a plan area are recovered from the property owners in that area.
In the Netherlands, the municipalities’ legal powers for the enforcement of cost recovery have
improved considerably since July 2008 through the introduction of a new Spatial Planning Act that
involves new legislation on planning processes as well as on cost recovery (TK, 2008). The second
concept concerns ‘creaming off’ the development gain (or: betterment), caused by changes in the
land‐use plan (in the sense of the 1942 Uthwatt Report on compensation and betterment for the
UK). The supposed development gain is based on increased property values in the area.
Internationally, there is much discussion on the legitimacy and the feasibility of this. The other
reason why property values might increase is public works – in particular, transport infrastructure,
but new open space also might have a similar effect – which enhance the value of properties near to
them. In those situations, ‘value capturing’ may be considered. Van der Krabben and Needham
(2008) state that: “when a project includes both changing the land‐use plan and improving
infrastructure, it can be difficult to distinguish between the value increase caused by betterment and
that caused by improved services”. In the Netherlands, both instruments for creaming off
development gains and value capturing are missing. However, the contribution of property owners
to the financing of plan‐related costs of public works based on cost recovery by the government
body responsible for the plan usually involves part of their development gains. And moreover, the
government body involved and the property developers may still come to a voluntary agreement
regarding capturing the increased value of land and property as a result of public investments in
transport infrastructure.

5.4.2 How much value can be captured?
A substantial body of literature exists discussing value capturing. Many studies, mainly based
on US‐based experiences, have demonstrated the positive impact of public sector infrastructure
investments on property prices (e.g. Church, 1990; Batt, 2001; Riley, 2001; Nash et al., 2001; Enoch,
2002; Rybeck, 2004). To illustrate how much value can be captured, we refer to a recent study by
Van der Krabben et al. (2008) in which the potential for value capturing has been calculated in Dutch
station areas. For the calculations, we made use of the hedonic price analysis by Debrezion et al. in
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Chapter 3 of this book23. The value to be captured in those cases concerned the (expected) value
increase of new properties in the station areas, as a result of public investments in the railway
stations and the rail connections (upgrading to high speed train rail services). For each of the areas,
it was estimated how high the office rents would be in the vicinity of the station both without the
(new) transport infrastructure and with the new infrastructure. The difference can be attributed to
the investment in transport infrastructure. These estimates were made, using a property value
model that was discussed extensively in Chapter 2. The case study analysis for three Dutch station
area redevelopment projects shows that between 15 and 20% of the rents for office space in the
vicinity of a railway station can be ascribed to the accessibility by public transport (Table 5.1). It
means that in the case of a new railway or light rail station, the infrastructure developer could in
principle claim 15% to 20% of the values of the properties that will be developed in the station area.
Table 5.1 Increase in office rents, based on estimations from the property value model*
Breda
Present situation (without positive impact station
area) *
Annual office rents per m2
Present situation (before station area
redevelopment) *
Annual office rents per m2

Improved situation (after station area
redevelopment)
Annual office rents per m2

Office rents in station areas
Arnhem
Schiedam

€ 181.52

€ 178.91

€ 205.14

€ 208.39
(+14.8%)

€ 208.79
(+16.7%)

€ 240.22
(+17.1%)

€ 210.56
(+16.0%)

€ 210.04
(+17.4%)

€ 240.83
(+17.4%)

Source: Van der Krabben et al. (2008)
* The rents predicted by the model under ‘present situation’ are not necessarily equal to the actual rents in
the ‘present situation’, due to the fact that the variables related to the characteristics of the building /
tenant are left aside. This means that the model predicts rents for ‘average’ office space, specified for the
locations involved.

5.4.3 Development model
Finally, the (outcome of) negotiation processes about value capturing will depend on both
the project type and the development model that has been applied to the integrated development
of both new infrastructure and property. We distinguish between two project types: line
infrastructure development (for instance, a new motorway combined with the development of
industrial estates near the motorway) and node development (for instance, station area

23

Van Nunen, J.A.E.E., Huijbregts, P. and Rietveld, P. 2011. Transitions Towards Sustainable Mobility. Berlin
Heidelberg: Springer‐Verlag
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development combined with public transport development). Usually a national (or provincial)
government body is responsible for the infrastructure development, while municipalities together
with property developers take care of the location development. Until recently, separated financial
schemes were used for both the infrastructure and the location development project. Consequently,
the national government body responsible for the infrastructure development did not negotiate
with the location developers for a financial contribution.
Until recently the national infrastructure developer used to have almost no bargaining
powers to negotiate about value capturing. However, the above mentioned introduction of a new
Spatial Planning Act in 2008 also changed this status quo. Under the former Spatial Planning Act,
provincial and national government bodies were not allowed to develop land use plans, which led to
the situation that has been explained above (municipalities were responsible for location
development). Under the new Spatial Planning Act, however, national and provincial government
bodies may develop land use plans and can decide to take charge of the location development as
well. It is assumed that national and provincial government bodies will make use of this right in case
of supra‐local projects (like line infrastructure projects). This will bring them in a much better
position to negotiate directly with the location developers for value capturing.

5.5

Bargaining Game for Value Capturing

The bargaining game presented in this paper, models part of the decision‐making process
with regard to the integrated development of both new infrastructure and property, in the Dutch
planning context (under the new Spatial Planning Act).24 The part of the decision‐making process
that will be simulated in our game concerns the negotiations about value capturing between the
infrastructure developer (usually a government institution) and the property developer(s). The
model excludes other parts of the decision‐making process, including decisions regarding for
instance location choice, the desired accessibility profile of the location, the real estate programme
and the partnership construction.

5.5.1 Cooperative Game Model
As mentioned earlier, in this study, we have restricted ourselves to the analysis of a game in
cooperative approach, more specifically, in characteristic function form, in analyzing the bargaining
process regarding the implementation of value capturing, as well as its solution concept. By applying
this approach, we aim to analyse the bargaining process between the infrastructure developer and
the location developer, assuming that there is an increment value of land and properties caused by
the development of infrastructure to be captured. The solution concept for the game is utilised to
find the equilibrium for the payoffs disbursement, i.e. the distribution of the increment value among
players involved. This will allow us to analyse the amount of increment value that can be captured by

24

The national planning context probably influences for a great deal the outcome of the bargaining
processes. When we would model a similar bargaining game for instance within the context of the British
planning system, the outcome would be influenced by the concept of planning obligation in the Town and
Country Planning Act. The concept of planning obligation means that the local authority grants permission
only, if the developer pays for related works, like infrastructure and open spaces (Cullingworth and Nadin,
2002).
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the infrastructure development from the bargaining process. In this experimental game, we consider
a situation with three players: one Infrastructure Developer (ID) and two Location Developers (LD1
and LD2). This provides us with a basic situation for analyzing the games with an infinite number of
players which are often called as n‐person games (Luce and Raiffa, 1957). These three players
bargain to form a deal about the contribution of the location developers to financing the costs of the
infrastructure development. The deal is, in game theoretical terms, to agree on how to divide the
outcome of a coalition.
The game is based on a number of assumptions regarding the strategies of the players, their
bargaining powers and the planning context. Those assumptions are mainly derived from
development practice in the Netherlands, as explained in the previous section.
1. First, we assume that there is no institutional restriction for the infrastructure developer
to capture the increment land value throughout the formation of a joint venture or
coalition with the location developer(s). This is related to the new legal powers for
national and provincial government bodies to develop land use plans under the new
Spatial Planning Act. On the other hand, the infrastructure developer does have legal
powers for the enforcement of cost recovery, but does not possess any legal powers to
enforce value capturing. It is assumed that full cost recovery takes place, but that the
development gains for the location developers exceed the costs that are recovered.
2. The second assumption is that the existing land use plan allows both the planned
infrastructure and planned location development project.
3. The infrastructure developer holds the land for infrastructure development; the location
developers own all the land that is available for location development. It implies that land
owners are not involved in the game.25 And, since the infrastructure developer will be
responsible for the land use plan, the municipality is also not involved in the game.
4. In the game we distinguish between situations in which the bargaining process takes
place before the infrastructure development process has actually started and situations
in which bargaining starts after the infrastructure has been developed (see below).
5. The game concerns new infrastructure development, because the increment land and
property values will be more substantial in this kind of projects compared with projects
intended to improve the existing infrastructure.
6. In line with the empirical evidence of the amount of value that can be captured in station
area development projects we found in Van der Krabben et al. (2008), we assume in our
game that the development of new infrastructure will increase land and property values
by 20%. Suppose each LD has 100 units of land and properties, and each unit will be
worth € 1000. Then, ceteris paribus, the value or profit of LD’s land and property
development without infrastructure will be € 100,000 and the development of
infrastructure will add as much as € 20,000. The analysis is focused on how to divide
these outcomes among the three players involved.

25

A different game can be played when the game starts at an earlier point in time, before the location
developers had acquired the land. In that case, the (original) landowners should be involved in the game as
well. However, in Dutch planning practice, the bargaining about value capturing will usually take place
between ID en LD’s
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7. It is also assumed, in addition to the previous point, that location development will still
be profitable, in case the maximum of € 120,000 will be captured (in that case: profit will
be low, but still acceptable for the location developer).
8. Finally, like in any kind of game in game theory, the solution for this game will be focused
on the determination of the outcome which can be expected to occur if the game is
played by rational players.
In cooperative games, the concept of rationality diverges into individual rationality and
collective rationality. The concept of individual rationality implies that a player in a coalition will not
accept any payoffs less than what he could obtain, if he acts alone or without forming any coalition
with anyone and without making any bargaining at all. Formally, this concept is given by the
inequality:
(i = players involved = 1, 2, …, n)

(1)

The concept of group rationality, on the other hand, implies that no subset of players should
get less than they can get by joining a coalition or in a formal way:

∑

for all S (S = coalition)

(2)

(N = grand coalition)

(3)

We also might say:

∑

When these two rationalities apply, or in another words, those three equations are fulfilled
in a set of payoff structure, then that particular payoff structure is called the core of the game: the
equilibrium of the coalition. The core is a very appealing solution concept, because it is relatively
easy to apply.
As mentioned earlier, the core of the game might be empty. Basically, the non‐emptiness of
the core can be investigated from the characteristic function of the game. As discussed by Kahan and
Rapoport (1984), for N = 1, 2, 3, the core is not empty only, if
1
123
12
13
23 .
2
Furthermore, this condition also implies that the game must be superadditive and the core will
always be found in the coalition structure {123} or the grand coalition. The core solutions for the
grand coalition can also be visualized in a geometrical representation (see below).
For this game, we consider three situations in which the players can form a coalition:
1. ID will build the infrastructure only, if it can form a coalition with LD. Along with that, LD
will not be able to build the land and properties, if there is no infrastructure to be built by
ID. The bargaining process is assumed to take place before the infrastructure
development process has started.
2. Similar to situation 1, ID will only build the infrastructure, if it is able to form a coalition
with LD. However, unlike in situation 1, LDs are able to develop the land and properties
even, if the infrastructure is not provided by ID. However, the new infrastructure will
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increase the value of LD’s land and properties. In this situation, the bargaining process is
also assumed to take place before the development process has started.
3. ID is able to build the infrastructure without making any coalition with LD. However, a
coalition would provide more benefit to ID. In this situation, the bargaining process will
take place after the infrastructure has been developed.
Based on the assumptions and concepts above, we are able now to analyze the bargaining
process in the implementation of value capturing, for each situation where ID, LD1 and LD2 can form
a coalition. Each location development can create a value of € 100,000 (without infrastructure
development) or € 120,000 (with infrastructure development). Infrastructure development can also
create a value of € 20,000, without location development. The costs of the infrastructure and
location development are left outside the game, because they are not part of the bargaining
process.
 The game for situation 1
Under the first situation, no player alone can realize a profit, so v(ID) = v(LD1) = v(LD2) = 0. ID
and LD1 together will create a value of € 120,000, if they form a coalition, because LD1 can create €
100,000 and the extra € 20,000 will be added to it as the increment value caused by the
infrastructure development. It will be also the case for a coalition between ID and LD2. However, the
coalition between LD1 and LD2 alone will be worth nothing, because both developers cannot build
their land and properties if the infrastructure is not provided. The grand coalition, consisting of ID,
LD1 and LD2, will create a value of € 240,000, because LD1 and LD2 will each create € 100,000, while
for both of them € 20,000 will be added because of the infrastructure development. For ID = 1; LD1=
2, and LD2 = 3, we summarized this information by the characteristic function:
v(1)
v(12)
v(23)
v(123)

= v(2) = v(3) = 0;
= v(13) = 120,000;
= 0;
= 240,000

In this game, there are several payoff divisions which satisfy both individual and group
rationality, i.e. the core. One such division is (80,000; 80,000; 80,000). We can see in this structure
that ID, LD1 and LD2 get more than they would have received, if they would have acted alone.
Therefore, it satisfies the individual rationality. It is also obvious that in this payoff structure, each
pair gets more than they would have received in a coalition and all three get as much as they can in
this game, which means that the requirement for group rationality has been fulfilled. However, this
payoff structure is not the only one that satisfies the two concepts of rationality. Figure 5.1 shows all
the cores of the game for the first situation.
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Fig. 5.1 The core of the game for the 1st situation
Figure 5.1 shows that the core payoffs (all points in the shaded area) are within a convex
polygon bounded by 4 points: (120, 120, 0); (120, 0, 120); (0, 120, 120); and (240, 0, 0)26.
Although these boundary points satisfy the two concepts of rationality and hence can be
considered as the core, these particular payoff structures may still seem to be unfair. The fact that
the core in this situation might not be unique and fair, makes it difficult to apply as a predictive tool.
The best outcome of the game would be to find a solution concept, that predicts a unique expected
payoff allocation for the players. Shapley (1953) approached this problem axiomatically. He was
looking for properties we might expect to satisfy such a solution concept. For that purpose, he
characterized the mappings that satisfy these properties.
In the game, assuming the players to be rational, the players can foresee that the grand
coalition will eventually form, since all three players can get more by working together than in any
partition into a separate coalition. The question that each player is then considering, is how to
bargain as the grand coalition will be formed.
In this game, suppose ID approaches LD1 with the proposition to form a coalition. At the
most, ID could ask 120,000 from LD1, because the joint venture between ID and LD1 will exceed
LD1’s prospects when acting alone (LD1 gets nothing if it acts alone). It will be the same if ID
approaches LD2. Of course, ID cannot expect that LD1 or LD2 will immediately agree to this
proposition. In fact, the same proposition can also be brought forward by LD1 to ID or LD2 to ID. The
other possibility for ID is to approach LD1 and LD2 together at the same time. ID could ask, at the
most, 240,000, because the coalition of LD1 and LD2 only would get nothing at all. Therefore, ID is
worth 240,000 to them as the third member of the coalition. Here we can see that the players’
bargaining power depends on which coalition he or she is about to join.
To generalize the situation, let us suppose that the grand coalition will eventually be formed
by increasing from one to two to three members. Without any specific information on the order in
which the members will join, let us suppose that all orders are equal. Therefore, the following orders
of joining may arise with the probabilities as noted:
(ID, LD1, LD2) with probability 1/6
(ID, LD2, LD1) with probability 1/6

26

To calculate the boundary points, consult Kahan and Rapoport (1984)
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(LD1, ID, LD2) with probability 1/6
(LD1, LD2, ID) with probability 1/6
(LD2, ID, LD1) with probability 1/6
(LD2, LD1, ID) with probability 1/6
It is clear that each player – when he took the initiative was not approached by anyone in
two of the six circumstances. In that case, the value will be zero. Therefore, with a probability of 1/6
+ 1/6 = 1/3, each player can expect to get 0. Let us continue to analyze ID. With a probability of 1/6,
ID can expect to get 120,000 from LD1 or from LD2. Then there are two circumstances that ID is
approached by the coalition of LD1 and LD2. In this case, with the probability of 1/3, ID can expect to
receive 240,000. In sum, ID’s expected prospect is:
φID = 1/3*0 + 1/6*120,000 + 1/6*120,000 + 1/3*240,000 = 120,000
This expectation is called the Shapley value of the games to ID. This value does not only
represent the expectation, but also the bargaining power of ID in the coalition. In general, by
designating the Shapley values by
(in which i is the players involved) and for ID = 1; LD1= 2, and
LD2 = 3, we have:
1
1
1

3

123

23

1

3

123

13

1

3

123

12

1

6

12

2

1

6

12

1

1

6

13

1

1

6

13

3

1

6

23

3

1

6

23

2

1

3

1

(5.4)

3

2

(5.5)

3

3

(5.6)

We can then calculate the expected prospects of LD1 and LD2:
φLD1 = 60,000
φLD2 = 60,000
It is obvious that the summation of the expected prospects of all players is equal to the value
of the grand coalition.
 The game for situation 2
In situation 2, ID alone cannot build the infrastructure and create any profit, while LD1 and
LD2 still can develop their land and property and create € 100,000 each, if they act alone. Like in the
first situation, if either LD1 or LD2 agrees to create a coalition with ID, the pair (LD1,ID or LD2,ID) will
create a value of € 120,000, because the infrastructure will then be developed creating an extra
value of € 20,000 for LD1’s or LD2’s initial value. However, unlike in the first situation, here the
coalition between LD1 and LD2 will create a value of € 200,000, because it will combine their initial
value. The value of the grand coalition will be the same as in the first situation, because it will
combine the value of the coalition of ID and LD1 and also ID and LD2. Then, for ID = 1, LD1= 2 and
LD2 = 3; this information can be summarized by the characteristic function as follows:
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= 0;
= v(3)
= 100,000;
= v(13) = 120,000;
= 200,000;
= 240,000

Using the same method that has been applied for the first situation, we can also conclude
that the core for the game in the second situation is non‐empty and it can be drawn using the
geometrical representation as shown in Figure 5.2.

Fig. 5.2 The core of the game for the 2nd situation
Here we found that the core is lying within a convex polygon bounded by 3 points: (0, 120,
120); (20, 120, 100); and (20, 100, 120). Similar to situation 1, these core structures also seem to be
unfair. Therefore, again, we look for the solution concept that predicts a fair and unique expected
payoff allocation for the players, i.e. the Shapley value. Using the equation (5.4), (5.5), and (5.6) we
can find the Shapely Values for ID, LD1 and LD2 in situation 2. They are:
φID = 20,000
φLD1 = 110,000
φLD2 = 110,000
 The game for situation 3
In situation 3, ID can build the infrastructure without making any coalition with LD1 or LD2.
Then, when ID develops the infrastructure alone, this development will increase the value of LD’s
land and property ‘automatically’ by 20%. Using the same figures as in the first and second situation,
both LD1 and LD2 will have a value of € 120,000 due to this development. Suppose ID and LD1 agree
to form a coalition. The value they create will also be € 120,000, because there is no additional value
brought into the coalition by ID due to the fact that this has already been delivered to LD1. The
coalition of ID and LD2, consequently, will also give the same outcome. While the coalition of LD1
and LD2, in this situation, will create a value of € 240,000, as the summation of their initial values.
And the grand coalition will also create a value of € 240,000, again, because ID gives no additional
value to the coalition. This information can be summarized by the characteristic function as follows
for ID = 1; LD1= 2, and LD2 = 3:
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v(1)
v(2)
v(12)
v(23)
v(123)

= 0;
= v(3)
= 120,000;
= v(13) = 120,000;
= 240,0000;
= 240,000

Unlike in the first and the second situation, we found here that the core is in a single point
(0, 120, 120). The geometrical representation of this core is given in Figure 5.3.

Fig. 5.3 The core of the game for situation 3
Interestingly, using the analysis of Shapley value, we also found the same result:
φID =
0
φLD1 = 120,000
φLD2 = 120,000

5.5.2 Discussion
Based on the analysis of the bargaining process for capturing increment land value as
performed above, we found three different outcomes for three different situations, in which the
players can form a coalition. Based on these outcomes, we can investigate how much value can be
captured, if the players involved can bargain to divide the increment value of land and property
within the process of coalition formation. In situation 1, the infrastructure developer could obtain €
120,000 based on its bargaining power. It means that the value that can be captured by the
infrastructure developer, is more than the increment value it creates from the development of the
infrastructure. Using our experimental figures, the increment value caused by the infrastructure
development for one location developer is € 20,000. Since in our experimental game there are two
location developers, the total increment land and properties value will be € 40,000. The
infrastructure developer might be able to obtain € 120,000, because its bargaining power is very
strong in this situation due to the fact that the location developer cannot develop its land unless the
infrastructure is developed. Therefore, the increment value of a location developer’s land and
property caused by the infrastructure development in this situation, actually, is not € 20,000 but €
120,000.
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In situation 2, the infrastructure development can expect of € 20,000 from the bargaining
process in the coalition formation with location developers. It means that the value to be captured
by the infrastructure development is lower than the total increment values it creates. Here the
bargaining power of the infrastructure development is not as strong as in the previous situation,
because the location developer still can develop its land even if the infrastructure development does
not build the infrastructure.
And for situation 3, the bargaining power of the infrastructure developer is even lower than
in the second situation. The expected payoff in forming a coalition is zero for the Infrastructure
Developer. This situation can be explained as follows: The fact that the Infrastructure Developer can
build the infrastructure without forming a coalition with the location developer makes the option of
forming a coalition unattractive for the location developer. The reason for this is that the location
developer can get the increment value without forming a coalition with the infrastructure developer,
because the infrastructure that brings the increment value to location developer’ land and
properties can be built by the infrastructure developer alone. Based on the concept of rationality,
forming a coalition is only attractive, if it brings added values for the coalition member. In this case,
the attractiveness of forming a coalition is related to the possibility of acquiring the increment land
and property value. Therefore, in this situation, the infrastructure developer has no bargaining
power, because there is no added value for the location developers to form a coalition with the
Infrastructure Developer. The coalition that will be formed then will have a payoff distribution that is
exactly similar to the initial value of its member.

5.6

Conclusion

In this paper, we analysed the bargaining process between the infrastructure developer and
the location developer(s) regarding the implementation of value capturing, by making use of a
cooperative game theory approach. We have argued that bargaining is a ‘natural process’ to solve
externality problems. We have also brought forward that, like in everyday life, bargaining quite often
plays a decisive role in decision‐making processes for spatial development. The outcome depends, of
course, to a large extent on the institutional planning context in which those decisions are made.
Negotiations about contributions to plan‐related costs, creaming off development gains and value
capturing almost always involve a process of bargaining. Modelling those bargaining processes may
help to improve our understanding of the outcome of it. In this paper, we aimed to demonstrate the
usefulness of game theoretical modelling for this purpose.
The games show how game theory can be used to increase our understanding of bargaining
processes. We found from the analysis, that the amount of increment land and property values
caused by the infrastructure development – which can be captured from the bargaining process –
varies. This is due to the situation or context, in which the players can form a coalition which will
affect the bargaining power of the players involved. We also found from the analysis that the
Infrastructure Developers’ bargaining power is stronger when the Location Developer is dependent
on the infrastructure to be built and also when the decision to build the infrastructure can only be
taken by the Infrastructure Developer, if the Location Developer agrees to cooperate beforehand.
Our advice to the Infrastructure Developer in the game would be to wait with infrastructure
development until (one of) the Location Developers is willing to make a coalition. To convince the
Location Developers to form a coalition, it will help when the success (or: profitability) of the
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location development heavily depends on the infrastructure development (for example, in case of
the development of a new transport node). Contrarily, our advice to the Location Developers would
be to start location development (and even acquiring land) only after the infrastructure has been
completed (though they probably would have to pay more for the land). The recent changes in
Dutch planning law and the possibility for the national government body, that is responsible for the
infrastructure development to develop its own plans and enter the negotiations about value
capturing directly – as we did in our game – is believed to influence the (outcome of the) bargaining
process. Because the experiences with the new planning law and the changing roles for national and
provincial government bodies are still very limited, we do not know yet how the status quo will
change.
We are aware of the analytical problems of this approach. Since every model is a
simplification of the real world, its reliability depends on basic assumptions that are used as the
basis for its construction. In the games that we have constructed in this chapter, we have assumed
that the transaction costs of the bargaining process and the coalition process are zero. We referred
to the Coase theorem to explain that a situation of zero transactions costs cannot easily be fulfilled
in the real world. Therefore, the next step in this research should be an analysis that takes into
account the transaction costs of forming a coalition. This means that we should include the
institutional context in the model, which is in fact the argument made by Coase. We believe that – as
the next steps in the construction of the model – at least part of this complexity can be brought into
the model. Second, the figures regarding the value of the coalition still should be validated
empirically, although we use the results of earlier studies to draw those experimental figures. This
can be done as well, for instance, by surveys amongst all stakeholders. Finally, the outcomes of the
games and the equilibriums that we have found must be tested. For this purpose, the games can be
‘played’ in a laboratory situation by real stakeholders. Finally, another aspect that must be analyzed
is, in the case of value capturing, the impact of the ‘captured value’ on both the financial budgets of
the infrastructure developer and the location developers. In our game, the profits of the location
developers will drop with 20%, which is quite substantial. However, in case of a major infrastructure
development, the value captured most likely only adds a small percentage to the financing scheme
of the infrastructure developers.
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6 BARGAINING FOR VALUE CAPTURING:
A GAME THEORETICAL ANALYSIS AND
EXPERIMENTAL APPROACH
Abstract
Value capturing is considered as a promising additional way of funding public infrastructure
development. However, its implementation is often problematic because the instruments that can be
used for it (i.e. taxes, fees, and other types of fiscal regulation) generally face a lack of support. An
alternative approach to value capturing might be to stimulate the stakeholders to bargain over the
distribution of the increment values.
This paper presents the analysis of bargaining processes with respect to the implementation
of value capturing based on concepts drawn from cooperative game theory in partition function
form. The institutional setting of location development related to infrastructure development in the
Netherlands is used to provide an empirical context to the analysis. As a validation, the game is
played with experts in Dutch planning and infrastructure development practice. Our study shows that
a game theoretical approach offers a useful method to conceptualise relations between different
stakeholders and to analyze the bargaining and negotiation processes to reach an agreement about
an efficient and fair allocation of the increment land values.

6.1

Introduction

Value capturing can be defined as a process by which all or a portion of the increments in
land and property values that result from specific public improvements or any other actions
attributed to a public effort are recouped by the public sector and used for public purposes (Smolka,
2000; Smith & Gihring, 2006). The idea of value capturing can be traced back to the physiocracy
movement in France in the 18th century and to the work of Henry George in the US in 1879 (Brown,
1997; Batt, 2001). Since then, many studies have been carried out with respect to value capturing.
However, a large part of that literature is focused on the empirical evidence of the incidence of rising
land and property value associated with the improvement of transportation infrastructure,
especially rail transit, and the associated increased accessibility of the location (see e.g. Diaz, 1999;
Ryan, 1999). Only a few sources are helpful to explain the decision making process with respect to
the effectiveness of value capturing methods and to answer the question whether value capturing
might be a feasible method to financing infrastructure development projects.
Following Henry George’s approach, instruments like taxes, fees, and other types of fiscal
regulation are often applied to implement value capturing (see e.g. Brown and Smolka, 1997;
Smolka, 2000; Batt, 2001; Van der Krabben and Needham, 2008). This traditional approach is often
considered to be problematic, because the introduction of new taxes and charges generally face a
lack of support. Moreover, using taxes for value capturing might not produce optimal efficiency from
a society’s point of view especially when it does not take into account the effect of the taxes to
landowners’ behaviour (Samsura and Van der Krabben, 2011). Alternatively, a possible approach to
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value capturing might be to allow the stakeholders to start a bargaining process to reallocate the
increment values among them. This typically regards to the infrastructure provider versus property
owners. The argument behind this is that the property owners are expected to benefit from the
public investments in infrastructure to a certain extent – accessibility of the location is increased and
consequently property values will increase – and might therefore be willing to voluntarily pay a
certain price for that.
In this paper, we will focus on the question whether a bargaining process might offer a fair
and efficient way in implementing value capturing, taking into account the possible conflicting
interests and free‐rider problems. The aim of our study is to analyse the bargaining and the decision
making process, as well as the strategic behaviour of actors involved in the implementation of value
capturing. Our study relies on concepts and approaches drawn from game theory. We formulate the
bargaining situation as a cooperative game‐theoretical model. Regarding research with respect to
value capturing in particular and spatial planning in general, applications of game theory are so far
still limited in number, although many authors in the field of urban planning have referred to game
theory as a promising methodology (see e.g. Ball et al., 1998; Ball, 1998; Adams et al., 2005). From
this perspective, this paper provides an attempt to investigate the usefulness of game theoretical
modelling for analysing decision‐making processes in urban planning process in general and with
respect to value capturing more in particular.
The structure of this paper is as follows. Section 6.2 provides a general description of game
theoretical modelling, especially with respect to cooperative approaches. The analysis includes
explanations of how game theory can be used to study the bargaining processes related to the
implementation of value capturing methods, by taking into account the possibility of the free‐rider
behaviour. In Section 6.3, the institutional setting of land and property development related to
infrastructure development in railway station area redevelopment projects in the Netherlands will
be used to provide an empirical context to the analysis. To validate the game theoretical modelling,
the game is played in an experiment with experts in the field of land and transportation planning in
the Netherlands. This experiment is explained in Section 6.4. Finally, section 6.5 gives conclusions.

6.2

Conceptual Framework: A Brief Description of Cooperative
Game Theory

Cooperative game theory is especially useful in describing and analysing situations in which
coalition formation benefits the individual players.27 In these situations, players can gain more
benefits by joining a coalition than by staying alone and playing the game on their own. As all game‐
theoretical models, cooperative game‐theoretical modelling essentially consists of two parts, namely
a descriptive part which describes the structure of interdependency relations among stakeholders
involved in the situation under scrutiny and a solution part which predicts the outcomes given the
description of the game. In the present study, the descriptive part attempts to describe the structure
of all possible coalition formations of stakeholders involved in the value capturing implementation.

27

A game is called cooperative when the players are able to form binding commitments and non‐cooperative
if otherwise. For more explanation and introduction to game theory, see e.g. Myerson, 1999; Carmichael,
2004; Skeath and Dixit, 2004.
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Afterwards, some solution concepts are used to find out what will be the best outcome that can be
expected from the constructed structure.
The solutions for cooperative game theoretical approaches typically focus on two aims. The
first aim is to find optimal distributions of payoffs to any player. The second one is to find coalition
structures which are most favourable for the players, that is, in which they can gain most. In terms of
the empirical domain chosen in this paper, value capturing in infrastructure development projects is
considered as the result of an agreement among several stakeholders, usually the infrastructure
developers and the landholding commercial developers, who are expected to contribute to the costs
of infrastructure development.28 The agreement of the stakeholders to contribute is seen as a form
of cooperation among them, hence a coalition. The analysis aims at observing the coalition
formation process among the players involved in pursuing their development goals considering the
implementation of value capturing. Subsequently, the process of coalition formation will be a
reflection of the bargaining process among them, especially in relation to how they are going to
divide the increment in land and property values. The part of the increment value that goes to the
infrastructure developer can be considered as the expected value to be captured in the value
capturing. However, when a commercial developer agrees to contribute and to allocate its part of
the increment value to the infrastructure development, it is always possible for another commercial
developer to stay away from the agreement and enjoy the effect of the transportation infrastructure
development without any financial contribution. This situation is called the free‐rider problem – one
of the stakeholders carries less than a fair share of the costs ‐ which obviously might jeopardise the
bargaining process.
To be able to observe the coalition formation with the possibility of the occurrence of free‐
riders, we will analyse the game by using the so called partition function form. The game in partition
function was introduced by Thrall and Lucas (1963). They developed this form as a generalization of
the characteristics function form which is constructed by Von Neumann and Morgenstern in their
seminal book (1944) to analyse cooperative games for n‐person or multi‐players. In the partition
function, a value is assigned to any feasible partition of the set of players, instead of assigning only a
single value to each coalition as in characteristics function form.
The more formal description of partition function form is as follows. Let N = {1, 2, …, n} be
the set of players in the game. A partition divides N into mutually exclusive coalitions in an
exhaustive way. That is, no pair of coalitions in a partition have a member in common and the union
of all coalitions in a partition is N. P(S) denotes an arbitrary partition of N into coalitions S1, S2,…, Sr
and P(N) is the set of all possible partitions of N. A partition shows the structure of sub‐groups in the
player set, which is also called the coalition structure and is denoted by P with
. A pair (S,
P) with
, is called an embedded coalition in partition or coalition structure P. Each embedded
coalition has a certain value v in real numbers ( ) assigned to it. Let  be the set of all subsets of N.
Then formally, v is a function from the Cartesian product of  and P(N) into the set of real numbers:

:Σ

28

For the sake of the game, we exclude other possible stakeholders, like residents, environmental
organisations, and non‐developing property owners that might also benefit (or not) from the
infrastructure development.
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Each embedded coalition thus has a value assigned by v i.e. v(S, P). This value is interpreted
as the payoff or utility the players in S can distribute among themselves when the coalition structure
P is formed. The value of an embedded empty coalition is defined to be zero, i.e. v( , ) = 0 for all
,
. Afterwards, a cooperative game in partition function form, which we abbreviate to
partition game, can be defined as a triplex that consists of a set of players N, a set of coalition
structures P(N), and a value function v that assigns a value to each embedded coalition indicating
the worth of that coalition in the respective coalition structure.
There are two important notions in a partition game, namely cohesiveness and
superadditivity of the game. A partition game is said to be cohesive if, for any possible coalition
structure, the players weakly benefit when forming the grand coalition N (the coalition of all players)
or
,

Σ

,

for all

A game is said to be superadditive if any collection of coalitions embedded within the same
coalition structure weakly benefits from joining forces or for any ,
and any
with \
it holds that
,

Σ

,

In other words, a singleton coalition gives no or less benefit compared to a coalition which
consists of two or more players. When a game is superadditive and the grand coalition is feasible,
then the game is also cohesive.
The possible outcomes of a game each have a certain value or utility for the separate
individual players. These utilities or payoffs are captured by so called payoff vectors. Such a payoff
vector indicates the value or utility of the outcome for each player when this outcome may occur.
Note the difference between a payoff vector and the function that assigns values to embedded
coalitions. The latter one indicates the value of each embedded coalition in playing the game while a
payoff vector indicates the value of a possible outcome for each individual player after playing the
game. A payoff vector is denoted by x for
Some important notions regarding the payoff vectors of a game include partition efficiency,
individual rationality, and Pareto efficiency. A payoff vector is said to be partition efficient if for each
embedded coalition in a partition, the sum of the payoffs to each player of an embedded coalition
equals the value of that embedded coalition. Formally:
,

for all

An outcome is said to be individual rational if there does not exist a player in
,

\

for

,

such that

\

An outcome is said to be Pareto efficient if there does not exist another possible outcome
such that all players are strictly better off, and an outcome is said to be strongly Pareto efficient if it
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is impossible to make some player better off while keeping all players as well off. Any outcome with
a strong Pareto efficiency is also partition efficient. And since every cohesive partition game has a
Pareto efficient outcome, the outcome would be partition efficient as well.
A solution concept for a game is a formal rule for predicting what the results of the game will
be. In a more mathematical sense, it says how to solve a game. Since a cooperative game‐theoretical
analysis attempts to find a coalition structure which gives most benefit to all players and tries to
observe how the members of a coalition will distribute the utilities or payoffs available among
themselves, the solution concepts for a partition game are also related to those two issues. There
are many solution concepts for cooperative games, among which are the core and Shapley value (see
e.g. Kahan and Rapoport, 1984; Owen, 1995).
The core, as introduced by Gillies (1959) is the set of payoff vectors which are not dominated
by any coalition
, or in other words, the payoff distribution among the players in a certain
coalition is such that there is no other coalition that yields a better payoff to each of its members. A
payoff vector is said to be dominated via a coalition if the members of that coalition can improve
their payoff by forming another coalition and allocate its value among the members of that coalition.
The core thus consists of undominated payoff vectors. As such, it is both a strong equilibrium
concept and a powerful predictor for games in coalition form. It is important to note, however, that
a game may have many core payoff vectors or an empty core.
Gillies originally developed the core concept for characteristics function form game. In order
to generalize the core concept to partition games, it is important to generalize the notion of
domination and to answer the question which payoff a coalition could expect or guarantee itself
when it rejects a proposed outcome. In this respect, we refer to Cornet (1998), who defines three
approaches to find the core in a partition game, namely the status quo approach, the optimistic
approach, and the pessimistic approach. In the status quo approach, it is assumed that when looking
for a better outcome, the players
,
take the current behaviour of the players
\ as
given; hence the status quo partition P prevails as far as the players in N \ S are concerned. In the
optimistic approach, it is assumed that if a group of players
plans to form a coalition S, they
may expect that players in N \ S form a coalition such that a feasible coalition structure containing S
arises, which is the best one from the point of view of the coalition S. In the pessimistic approach, it
is assumed that the players
,
are threatened to form the coalition S, which would impede
them to infer anything regarding the reaction of the players
\ ; the players in S must therefore
take into account every partition \
\ , such that a feasible coalition structures evolves.
However, although the core is a strong concept, it might not be unique and fair, which
makes it difficult to be applied as a predictive tool. Shapley (1953) approached this problem
axiomatically. He was looking for properties that are essential for satisfying such a solution concept.
For that purpose, he characterized the mappings that satisfy these properties, which has become
known as the Shapley value. The basic assumption for calculating the Shapley value is that the
players behave rationally29 and are able to foresee that the grand coalition will eventually form,
since they all receive more by working together instead of any partition into a separate coalition.
The question for each player is how to bargain as the grand coalition will be formed. By recognizing

29

It means that the players are choosing the option with the highest utility.
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the contribution of each player’s input in creating the outcome or the value of a coalition, each
player can expect its share from this outcome: the Shapley value. The Shapley value can be seen as
the bargaining power that each player imagines he or she possesses. It is based on what the joining
of each coalition contributes to that coalition.
Though the Shapley value originally has been developed for games in characteristic function
form, this paper follows the natural extension of the Shapley value to partition function games by
Myerson (1977). Following Myerson, for a game with three players or N = {i, j, k} and (w) as the
value function, the extension of Shapley value for the player i for a partition function form (φi) can
be calculated as follows:
i

(w) = (1/3) * w{i, j, k}, {{i, j, k}}
+ (1/6) * w{i, j}, {{k}, {i, j}}

– (1/3) * w{k}, {{k}, {i, j}}

+ (1/6) * w{i, k}, {{j}, {i, k}}

– (1/3) * w{j}, {{j}, {i, k}}

+ (2/3) * w{i}, {{i}, {j, k}}

– (1/3) * w{j, k}, {{i}, {j, k}}

+ (1/6) * w{k}, {{i}, {j}, {k}}

+ (1/6) * w{j}, {{i}, {j}, {k}}

– (1/3) * w{i}, {{i}, {j}, {k}}
Note that the Shapley values for two other players can also be calculated following the same
rule. The Shapley value solution represents the expected payoff of the coalition formation. Since the
Shapley value solution derives entirely from the bargaining position of the player in the process of
coalition formation and not from the strategic structure of the game (as in the core solution
concept), it might be considered as a weaker concept compared to the core. However, when the
Shapley value solution is situated in the core area, it can be considered a strong concept.

6.3

The Model: Partition Games for Value Capturing in the Dutch
Context

The part of the decision‐making process that will be simulated in our game concerns the
bargaining about value capturing between the infrastructure developer (usually a government
institution) and the commercial developer(s) related to the integrated development of (railway)
infrastructure and commercial properties (office space) in Dutch railway station environments.
Hence these stakeholders operate within the Dutch legal planning context. In that kind of
development, the accessibility of the location will increase due to the improvement of the
transportation infrastructure, which allows the commercial developers to sell or lease their
properties at higher prices to end users (as they generally prefer locations with high accessibility).
The model excludes other parts of the decision‐making process, including decisions regarding e.g.
location choice, the desired accessibility profile of the location, the real estate programme and the
partnership construction.
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6.3.1 Value Capturing in the Netherlands
(Legal) tools for value capturing have been labelled as a promising additional way of funding
transportation infrastructure development (RVW, 2004; VROM Raad, 2004). However, applying
value capturing in the Netherlands is not without serious problems. A legal instrument for value
capturing is available, but the instrument is not effective (and actually never used by municipalities).
Alternatively, more effective instruments are not likely to be introduced soon (De Wolff, 2007; Van
der Krabben & Needham, 2008). Present legislation regulates the contribution of property owners to
the financing of plan‐related costs of public works. The contribution is based on the costs of the
public works and not on the plus values (development gains) that are generated as a result of the
public works30. In our modelling, we assume that there will be additional development gains for the
property owners that exceed their contributions to the costs of the public works (which is certainly
not always the case). In this situation, the government body involved and the commercial developers
may still come to a voluntary agreement regarding the developers’ (additional) contribution to the
infrastructure project, based on the (expected) increased values of their properties.
In the Netherlands, the national (or provincial) government is usually responsible for large
infrastructure developments, while municipalities take care of location development. The
municipality will then sell the building sites to commercial developers. In most cases, separated
financial schemes are used for both the infrastructure and the location development project.
Consequently, the national or provincial government body responsible for the infrastructure
development does not negotiate with the location developers (usually the municipality) or the
commercial developers for a financial contribution. The national or provincial infrastructure
developer therefore used to have almost no bargaining powers to negotiate about value capturing.
However, the new Spatial Planning Act in 2008 changed this situation. National and provincial
government bodies are now allowed to implement land use plans (if the plan is in the interest of the
province or the national government) and may then decide to take charge of the location
development as well. It is assumed that national and provincial government bodies will make use of
this right in case of supra‐local projects, like large infrastructure projects. This will bring them in a
much better position to negotiate directly with the commercial developers for value capturing. The
development of new regional light rail infrastructure, with new light rail stations and additional
commercial developments is a good example of such projects in which the province or national
government might be willing to take the lead. In our gaming experiment, we will therefore assume
such a situation.

30

For value capturing in the Netherlands two legal instruments can be used: the Land Development
Agreement (exploitatieovereenkomst) and the value capturing tax (baatbelasting). The Land Development
Agreement is based on voluntary cooperation by private agents. The value capturing tax is not applied in
practice, because of serious legal problems. In 2008, the Dutch government introduced a new Spatial
Planning Act that enlarges the possibilities of public authorities to deal with cost recovery and enforce
private developer to contribute in public infrastructure investment. Nevertheless, these regulations are still
limited to cost recovery and do not specifically allow for value capturing. The plus value that occurs as a
result of the public infrastructure investment may exceed the costs of the investment, while only those
costs can be recovered. For more information about cost recovery and value capturing in the Netherlands
see among others De Wolff (2007), Munoz Gielen (2008, 2010), Van der Krabben and Needham (2008)
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Regarding the amount of value that can be captured, we refer to a recent study by Van der
Krabben et al. (2008) that calculated the potential for value capturing in three Dutch station
redevelopment projects. The value to be captured in those cases concerned the (expected) value
increase of new properties in the station areas, as a result of public investments in the railway
stations and the rail connections (upgrading to high speed train rail services). The case study analysis
for those three Dutch station area redevelopment projects shows that between 15% and 20% of the
size of the office rents can be ascribed to public transport accessibility. It means that, in the case of a
new railway or light rail station, the infrastructure developer could in theory claim 15 to 20% of the
values of the properties that will be developed in the station area. However, the value that can be
captured will depend on the outcome of the negotiation or bargaining processes between the
infrastructure developers and the location developers.

6.3.2 The Partition Functions Form Game
6.3.2.1 The Game Setting and The Basic Assumptions
By means of a cooperative game theoretical approach in partition function form, we will
now analyze the bargaining process between the infrastructure developer and the commercial
developer(s). The solution concepts used for our games are meant to find predictions of outcomes
and payoffs, hence are intended to find the equilibrium payoff distributions. This will allow us to
analyse the amount of increment value that can be captured by the infrastructure developer from
the bargaining process. We consider a hypothetical situation with three players: one Infrastructure
Developer (ID) and two Commercial Developers (CD1 and CD2). This represents the basic situation
for games with multiple players which are often called n‐person games (Luce & Raiffa, 1957). These
three players bargain to form a deal about the contribution of the commercial developers to the
costs of the infrastructure development. The deal is to agree on how to divide the outcome of a
coalition.
The games are based on a certain settings and assumptions regarding the strategies of the
players, their bargaining power and the planning context, according to development practice in the
Netherlands:
1. All players behave rationally: the objective is to maximise the expected value of their
payoffs.
2. The payoff in our game is assumed to be transferable. This assumption is important,
because it allows us to show the bargaining process in allocating the payoffs when a
coalition forms.
3. There is no institutional restriction for the infrastructure developer to capture (a part of)
the increment value throughout the formation of a joint venture or coalition with the
commercial developer(s).
4. The infrastructure developer has the statutory powers for cost recovery, but lacks those
powers for value capturing. It is assumed that the development gains for the commercial
developers exceed the costs that are recovered.
5. The existing land use plan allows both the planned infrastructure and planned
commercial development.
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6. The infrastructure developer holds the land for infrastructure development; the
commercial developers have acquired the building sites that are available for commercial
development.
7. The game concerns new infrastructure development (a new railway station).
8. We assume that the development of new rail infrastructure will increase land and
property values by 20%. In our hypothetical situation with one ID and two CDs, CD1 aims
to develop 100 units of properties and CD2 75 units. For the sake of illustration, we
assume that one unit is worth of € 1000. Ceteris paribus, the value of CD1’s properties
will be € 100,000 without the infrastructure, while the development of the infrastructure
will give an increment value and adds as much as € 20,000 to the value of CD1’s
properties. The value of CD2’s properties will be € 75,000 without infrastructure, while its
additional increment value will be € 15,000. The analysis focuses on how to divide these
outcomes among the three players involved.
9. The costs of the infrastructure and commercial development are left outside the game,
because they are not part of the bargaining process.
For this game, we consider three different situations in which the players can form a
coalition:
1. The ID will build the infrastructure only if it can form a coalition with the CDs. Along with
that, the CDs will not be able to develop their properties in case the infrastructure will
not be built. The bargaining process is assumed to take place before the infrastructure
development process has started.
2. Similar to situation 1, the ID will only build the infrastructure if it is able to form a
coalition with the CDs. However, unlike in situation 1, the CDs are able to develop their
properties even though the infrastructure is not provided by the ID. The absence or the
presence of the infrastructure will, however, affect the values of the CD’s properties. In
this situation, the bargaining process is also assumed to take place before the
development process has started.
3. The ID is able to build the infrastructure without making any coalition with the CDs.
However, the ID expects to obtain a benefit from a coalition. In this situation, the
bargaining process will take place after the infrastructure has been developed

6.3.2.2 The game for situation 1
In this situation, the ID will be able to build the infrastructure only if it can form a coalition
with the CDs and the CDs will also not be able to build its land and properties if there is no
infrastructure to be built by the ID. The partition function game is given by N = {1, 2, 3} in which 1 is
the Infrastructure Developer (ID) and 2 and 3 are respectively Commercial Developer (CD) 1 and 2 or
CD1 and CD2. The partitions of the game or P(N) are given by
P1 = ({1}, {2}, {3})
P2 = ({1}, {2, 3})
P3 = ({2}, {1, 3})
P4 = ({3}, {1, 2})
P5 = ({1, 2, 3})
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The values of each embedded coalitions or v(S, P) are given by
v({1}, {{1}, {2}, {3}})
v({2}, {{1}, {2}, {3}})
v({3}, {{1}, {2}, {3}})
v({1}, {{1}, {2, 3}})
v({2}, {{2}, {1, 3}})
v({3}, {{3}, {1, 2}})
v({1, 2}, {{3}, {1, 2}})
v({1, 3}, {{2}, {1, 3}})
v({2, 3}, {{1}, {2, 3}})
v({1, 2, 3}, {{{1, 2, 3}})

=
0
=
0
=
0
=
0
= 120,000
= 90,000
= 120,000
= 90,000
= 120,000
= 210,000

(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)

Case (1) to (3) show that no player alone can realize a profit when the other players act
alone as well, since no one can build anything if the ID does not form a coalition with any CD. Case
(7) shows that when the ID makes a coalition only with CD1, this coalition could create a value of €
120,000, because CD1 can create € 100,000 and the extra € 20,000 will be added to this value as the
increment value caused by the infrastructure development. Afterwards, the value of € 120,000
created from this coalition will be distributed between the ID and CD1. However, when the ID and
CD1 form a coalition and make the development of transportation infrastructure possible, CD2, that
is not in the coalition, will be able to create € 90,000 for itself, as shown in (6), because it can build
properties on its location and enjoy all the increment value of its properties. This situation has been
described earlier as the free‐rider problem. The same goes when the ID makes a coalition only with
CD2. This coalition will create a value of € 90,000 as shown in (8) while CD1 will enjoy the € 120,000
for its own as a free rider as shown in (5). Cases (4) and (9) show that neither the ID nor the CDs can
realize a profit in case the coalition only includes the Commercial Developers. Finally, case (10)
shows that the grand coalition will create the maximum value of € 210,000 that will be distributed
among the ID and the two CDs.
This game is cohesive since
v({1, 2, 3}, {{1, 2, 3}})

v({i}, {{i}, {j, k}}) + v({j, k}, {{i}, {j, k}})

for all distinct i, j, k {1, 2, 3} and v({1, 2, 3}, {{1, 2, 3}})
also superadditive, since it is cohesive and
v({i,j}, {{i,j}, {k}})

∑i=1, 2, 3 v({i}, {{1, 2, 3}}). The game is

v({i}, {{1, 2, 3}}) + v({j}, {{1, 2, 3}}) for all distinct i, j, k

{1, 2, 3}.

Therefore the outcome of this game would be partition efficient and it can be expected to set in the
grand coalition. Following Cornet’s methods (section 2), we are able to identify the core for the
three approaches. In the status quo and optimistic approach, CD1 expects that the coalition between
the ID and CD2 or partition P3 will be formed in case CD1 refuses the proposal to divide the value of
the grand coalition. This gives CD1 the opportunity to be the free‐rider and enjoy the € 120,000 as its
payoff. CD2 expects that the coalition between the ID and CD1 or partition P4 will be formed in case
CD2 refuses the proposal to divide the value of the grand coalition, which gives CD2 the opportunity
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to be the free‐rider and enjoy the € 90,000 as its payoff. Thus, the grand coalition will only be
formed when CD1 and CD2 get € 120,000 and € 90,000 respectively as their payoff and left nothing
to the ID. Hence, the core for these two approaches is (0; 120,000; 90,000) which reflects the
respective payoff for the ID, CD1, and CD2. However, this core solution may not be formed in reality
because it seems to be unfair: the ID will not get anything, although it significantly contributes to the
outcome of the coalition.
For the pessimistic approach, we can expect different cores since CD1 and CD2 may at least
expect that P1 will emerge if they refuse the proposal to divide the value of the grand coalition and
thus all feasible coalition structures should be taken into account to find the solution. For the
pessimistic approach, the core is therefore the set of vectors (x1, x2, x3), which represent the payoff
of the ID, CD1, and CD2 respectively, that satisfies the conditions that reflect the values of all
feasible embedded coalition as follows:
x1 > 0
x2 > 0
x3 > 0
x1 + x2 > 120,000
x1 + x3 > 90,000
x2 + x3 > 0
x1 + x2 + x3 > 210,000
As advocated in the cooperative modelling of games by Von Neumann & Morgenstern
(1944), this pessimistic core can be conveniently visualized in geometrically in a three‐dimensional
space (see Figure 6.1). The core is lying on all points (x, y, z) which represent (x1, x2, x3) on the
boundaries and inside the triangle intercepted by the plane x + y + z = 210,000.

Fig. 6.1. The core of the game in the pessimistic approach for situation 1
The core of the game for the pessimistic approach is represented by all points in the shaded
area, which is a convex polygon bounded by 4 points: (0; 120,000; 90,000); (120,000; 0; 90,000);
(210,000; 0, 0); and (90,000, 120,000; 0). Figure 1 also shows that the core for the status quo and
optimistic approach is within the core of the pessimistic approach. It is obvious that the core in the
pessimistic approach is not unique or laying on a single point and some of those cores may seem to
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be unfair and unlikely to be formed in reality. We therefore also calculated the Shapley value for the
game following Myerson’s approach (section 2), and found the following solution:
φID (w) = 105,000
φLD1 (w) = 60,000
φLD2 (w) = 45,000
This solution represents the payoff for the ID, CD1, and CD2 respectively in the grand
coalition. Interestingly, the Shapley value is within the core of the pessimistic approach. It can
therefore be considered as a strong solution.

6.3.2.3 The game for situation 2
In situation 2, the ID alone cannot build the infrastructure and create any value. However,
different from situation 1, CD1 and CD2 are able to develop their properties and create respectively
€ 100,000 and € 75,000 when they act alone. Similar to situation 1, if CD1 agrees to form a coalition
with the ID, they will create a value of € 120,000 because the infrastructure will create an extra value
of € 20,000 for CD1’s properties. However, this situation will create an opportunity for CD2 to
become the free rider and enjoy an additional value of € 15,000 to its properties. A similar situation
will also occur in case CD2 agrees to form a coalition only with the ID in which CD1 will become the
free rider. Unlike in situation 1, CD1 and CD2 can form a coalition together and create a value which
is simply the summation of their initial values. And for the grand coalition, the outcome will be the
same as in the first situation, because it will combine the value of both the coalition of the ID and
CD1 and the coalition of the ID and CD2.
The partitions of the game of P(N) for this situation are similar to situation 1, because the
players involved have not changed. However, the value of embedded coalitions differs:
v({1}, {{1}, {2}, {3}})
=
0 (1)
v({2}, {{1}, {2}, {3}})
= 100,000 (2)
v({3}, {{1}, {2}, {3}})
= 75.000 (3)
v({1}, {{1}, {2, 3}})
=
0 (4)
v({2}, {{2}, {1, 3}})
= 120,000 (5)
v({3}, {{3}, {1, 2}})
= 90,000 (6)
v({1, 2}, {{3}, {1, 2}}) = 120,000 (7)
v({1, 3}, {{2}, {1, 3}}) = 90,000 (8)
v({2, 3}, {{1}, {2, 3}}) = 175,000 (9)
v({1, 2, 3}, {{{1, 2, 3}}) = 210,000 (10)
As in the previous situation, this game is also cohesive and superadditive, and we can
therefore expect that the grand coalition will be formed. Following the same reasoning as in the
previous situation, we found that the core for the status quo and optimistic approach in situation 2
are (0; 120,000; 90,000). Whereas, for the pessimistic approach, we found a different core which is
the set of vectors (x1, x2, x3) that satisfy the conditions that reflect the values of all feasible
embedded coalition in situation 2 as follows:
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x1 > 0
x2 > 100,000
x3 > 75,000
x1 + x2 > 120,000
x1 + x3 > 90,000
x2 + x3 > 175,000
x1 + x2 + x3 > 210,000
This pessimistic core can again be visualized (see Figure 6.2). The core for the pessimistic
approach is within 4 points: (0; 120,000; 90,000); (20,000; 100,000; 90,000); (35,000; 100,000,
75,000); and (15,000, 120,000; 75,000). Again, we can find the core for the status quo and optimistic
approach within the core of the pessimistic approach. As the core is not unique and some of the
cores seem to be unfair, we again applied the Shapley value analysis to this game and found the
following solution for the game:
φID (w) = 17,500
φLD1 (w) = 110,000
φLD2 (w) = 82,500
These Shapley values are again within the core solution of the pessimistic approach for the
game which means the Shapley value solution in this game can be considered as a strong solution.

Fig. 6.2. The core of the game in the pessimistic approach for situation 2

6.3.2.4 The game for situation 3
In situation 3, the ID is supposed to be able to build the infrastructure without making any
coalition with CD1 or CD2. The development of infrastructure by the ID will eventually increase the
value of CD1 and CD2’s properties by 20%. Due to this development, CD1’s and CD2’s properties will
have a value of respectively € 120,000 and € 90,000 as their initial value. Subsequently, the coalition
of the ID and CD1 or CD2 will not, unlike in situation 1 and 2, give any additional value, because the
additional values from the infrastructure development became already available to CD1 and CD2,
when the ID developed the infrastructure.
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The partitions for this game remain the same as the two previous games and the value of all
embedded coalitions for situation 3 can be described as follows:
v({1}, {{1}, {2}, {3}})
=
0
(1)
v({2}, {{1}, {2}, {3}})
= 120,000 (2)
v({3}, {{1}, {2}, {3}})
= 90.000 (3)
v({1}, {{1}, {2, 3}})
=
0
(4)
v({2}, {{2}, {1, 3}})
= 120,000 (5)
v({3}, {{3}, {1, 2}})
= 90,000 (6)
v({1, 2}, {{3}, {1, 2}}) = 120,000 (7)
v({1, 3}, {{2}, {1, 3}}) = 90,000 (8)
v({2, 3}, {{1}, {2, 3}}) = 210,000 (9)
v({1, 2, 3}, {{{1, 2, 3}}) = 210,000 (10)
Again, following the same reasoning as the two previous situations, the core for both the
status quo approach and the optimistic approach is (0; 120,000; 90,000) which is formed in the
grand coalition. Considering the pessimistic approach, the core is defined by the set of vectors (x1, x2,
x3) that satisfies the conditions as follow:
x1 > 0
x2 > 120,000
x3 > 90,000
x1 + x2 > 120,000
x1 + x3 > 90,000
x2 + x3 > 210,000
x1 + x2 + x3 > 210,000
The geometrical representation of this core is given in Figure 6.3.

Fig. 6.3. The core of the game in the pessimistic approach for situation 3
Unlike in the two previous games, here we found that the core of the pessimistic approach is
similar to those in the status quo and the optimistic approaches. Interestingly, the Shapley value
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analysis also gives the same solution to the game, as it reveals the following payoff expectation for
the game:
φID (w) =
0
φLD1 (w) = 120,000
φLD2 (w) = 90,000

6.3.3 Discussion
We found the expected results of the bargaining process for value capturing by making use
of the core concept and the Shapley value analysis. Since the games are cohesive, the core solution
satisfies the character of rationality and it is also Pareto efficient. However, the core might not be
robust because it seems to be unfair, especially for game 1 and 2 in the status quo and optimistic
approach. The core found in those games ((0; 120,000; 90,000) for P = {N}) implies that the ID cannot
expect anything from the increment value created from the development. The ID could therefore
refuse to make a bargain and turn down the plan to develop the transportation infrastructure. The
core in the pessimistic approach yields different solutions than the two other approaches, but it
does not produce a unique solution for game 1 and 2 and some of the solutions also seem to be
unfair as is shown in the status quo and optimistic approach. We therefore applied the Shapley value
analysis, to find the expected outcome for the games taking into account the effect of a player’s
bargaining position or contribution to the value of a coalition, i.e. a fairer solution. In our games, the
results of the Shapley value analysis are within the core of the pessimistic approach. It means that
the results of the Shapley value analysis can be considered a strong solution.
The Shapley value analysis shows that in situation 1 the ID can expect € 105,000 from the
bargaining process with the CDs. In the hypothetical case, the plus value caused by the infrastructure
development, is € 20,000 for CD1 and € 15,000 for the CD2, adding to a total plus value of € 35,000.
The expected payoff of € 105,000 in situation 1 implies that the ID could capture even more than the
plus value, because in this situation the bargaining power of the ID is very strong due to the fact that
the CDs cannot develop their properties (and create any profit) unless the infrastructure will be
developed by the ID.
In situation 2, the expected payoff that we found for the ID was € 17,500 (the Shapley value).
This value is below the total increment values created by the infrastructure development. The
explanation for this is that the bargaining power of the ID in this situation is weaker than in situation
1 (the CDs can still develop their properties even when the ID refuses to build the infrastructure). In
situation 3, the ID has no bargaining power leading to zero expected payoffs. The fact that the ID will
build the infrastructure without forming a coalition with the CDs makes the coalition option
unattractive for the CDs: they will still receive the increment value without the coalition.

6.4

Testing the Model: The Game Experiment

The next step in our analysis concerns a game experiment attempting to observe the result
of the game‐theoretical models, when the situations are countered by real actors. The experiment
can be considered as a validation of the solutions suggested from the models constructed in the
prior section. It should be noted here that the models do not – and probably never can – precisely
predict how the game will be played in reality, because the models are based on a number of
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assumptions that reduce the complexity of the real world. With this understanding, the validation of
the models through the experiment must therefore not be considered as an attempt to answer the
question whether the outcomes of the model will be found in the real world in exactly the same
way. The experiments are used to find out how often those models have been useful and to what
extent the reality can be explained by making use of the model in order to explore whether the
heuristics assumed in the models can be recognised in the behaviour of real‐world players. To
achieve this, in the experiment we played the game‐theoretical models repeatedly and observed the
results to find out how close those results are to what has been suggested by the models and how
often those results are acceptably close to the outcome of the models.

6.4.1 Experimental Design
For the experiment, We had invited nine experts in Dutch planning and infrastructure
development practice to act both as the ID and the CD. The players were placed in 3 groups, each
consisting of 3 players (one ID and two CDs). The three situations that we explored for the game‐
theoretical model were also applied in the experiment. All players in each group were asked to form
a joint venture or a coalition with one or two other players in order to develop the infrastructure
and to bargain their share from the expected returns of the formed coalition (the plus value caused
by that infrastructure development). All players in the same group could propose freely the coalition
structure to be formed. The bargaining and negotiation process was conducted simultaneously for
the three groups and limited to only 5 minutes. Without an agreement, the negotiation would be
called off and the players would only get their initial values. The negotiation for each situation was
repeated three times; after each round every player switched into another role, while one player
moved to another group (Figure 6.4). Every player thus had the opportunity to learn from the
negotiation process and try to improve his or her result.

CD2

CD1

Group
1
ID

CD2

CD1

Group
2
ID

CD2

CD1

Group
3
ID

Fig. 6.4. Layout of the experimental setting and the direction of the player rotation

135

Chapter 6 – Bargaining for Value Capturing

Table 6.1. Information about the coalition and the value of the embedded coalitions (in 000)

No

Coalition
Structure

Total value of the
respective embedded
coalition for
situation/game 1

Total value of the
respective embedded
coalition for
situation/game 2

Total value of the
respective embedded
coalition for
situation/game 3

1.

{ID}; {CD1}; CD2}

ID = 0; CD1 = 0; CD2 = 0

ID=0; CD1=100;CD2=75

ID=0; CD1=120; CD2=90

2.

{ID, CD1}; {CD2}

ID + CD1 = 120; CD2 = 90

ID+CD1 = 120; CD2 = 90

ID + CD1 = 120; CD2 = 90

3.

{ID, CD2}; {CD1}

ID + CD2 = 90; CD1 = 120

ID+CD2 = 90; CD1=120

ID + CD2 = 90; CD1 = 120

4.

{ID}; {CD1, CD2}

ID = 0; CD1 + CD2 = 0

ID = 0; CD1 + CD2 = 175

ID = 0; CD1 + CD2 = 210

5.

{ID, CD1, CD2}

ID + CD1 + CD2 = 210

ID + CD1 + CD2 = 210

ID + CD1 + CD2 = 210

Information about the coalition structures and the value outcome of the different embedded
coalitions in each coalition structure for every particular game was provided to all players when they
started a new game (Table 6.1). The players were asked to express their joined preference for one of
the five coalitions (in line with the partitions of the game for the game‐theoretical models) and to
divide the total value of the chosen embedded coalition. In total, nine rounds of games were played.

6.4.2 Experimental Result and Analysis
The results of the bargaining process for all games played in the experiment are shown in
Table 6.2. Group 1 in the first round was not able to make an agreement to form a coalition, but the
rest of the groups were able to do so. In the second game, all groups were able to form the grand
coalition in all rounds but, similar to the first game, all yield different payoff structures. Finally, in the
third game, almost all groups in all rounds yield the same payoff structure which is (0; 120,000;
90,000). In this situation, the outcome of the grand coalition is similar to the initial values for each
player which suggests that the payoff distribution in coalition structure 1 and 5 may not differ. Only
in two occasions – group 1 in the third round and group two in the first round – the payoff
distributions differ considerably.
To compare the results of this experiment with those in the game‐theoretical model
analysis, we calculated the mean payoffs for each role in every round. This payoff distribution was
compared with the results of the Shapley value analysis for each respective game in the previous
section. We applied the X2 test to perform the comparison, taking the results of the Shapley value
analysis as the expected values and those from the experiment as the observed values, with the null
hypothesis that the two should have a similar distribution. For 0.05 level of significance and 2
degrees of freedom, the critical value of the Chi‐square distribution should be less than 5.99 to
accept the null hypothesis; the value of 0 means that the distribution of the observed value perfectly
fits with the distribution of the theoretical one. The results of the X2 test are given in Table 6.3.
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Table 6.2. The Outcome of the bargaining process in the experiment
Game
1

Group
1

Round
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2
3
1
2

Coalition Structure
1
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
5
1/5
1/5

ID
0
70
82
80
85
90
70
84
100
35
32
11
20
15
20
15
10
15
0
0

3

5

2,5

2

1

5

1

3

2
3
1
2
3

3
3
1/5
1/5
1/5

1
0,5
0
0
0

2

3

2

1

2

3

3

1

CD1
0
70
65
65
40
60
80
71
60
100
99
112
105
105
115
115
110
105
120
120
118,
5
119,
5
120
120
120
120
120

CD2
0
70
63
65
85
60
60
55
50
75
79
87
85
90
75
80
90
90
90
90
89
89,5
89
89,5
90
90
90

Table 6.3. Comparison of the outcome of the experimental with the game theoretical analysis
Game

Round

1

Value

ID

CD1

CD2

X2

Expected

105

60,0

45,0

1

Observed

50,0

48,3

41,7

31,32

2

Observed

79,7

60,3

70,0

20,00

3

Observed

90,7

61,7

57,7

5,57

Expected

17,5

110,0

82,5

1

Observed

23,3

106,7

80,0

2,12

2

Observed

19,0

104,7

86,3

0,57

3

Observed

15,3

110,7

84,0

0,30

Expected

0

120,0

90,0

1

Observed

0,3

119,8

89,8

0,0005

2

Observed

0,3

120,0

89,7

0,0012

3

Observed

1,0

119,5

89,5

0,0049

2

3
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Table 6.3 shows that the X2 distribution values of game 1 in the first two rounds of the
experiment are relatively high. This implies that the results of the experiment for game 1 in the first
two rounds differ substantially from the results of the game‐theoretical model analysis for the
respective game. However, as the game proceeds, there is a significant decrease of the X2
distribution, with the null hypothesis being accepted for the third round of the first game in the
experiment. The games in the experiment were played sequentially from game 1 to game 3. Table
6.3 also shows that the X2 distribution values for game 2 are below the scores in the first round. It
implies that, along with the time the games are being played, the results increasingly resemble the
results from the game‐theoretical model analysis. Remarkably, the Chi‐square distribution values for
the third game are slightly increasing from round to round. As predicted in the game‐theoretical
analysis, the ID should get nothing and the CDs will get their initial value albeit the grand coalition
formed. In the experiment, this is what actually happened. However, the ID started to use an
argument about future developments and cooperation with the CDs to get something from them.
Apparently, the CDs responded to that promise (or threat).

6.4.3 Discussion
In the experiment, we found that the results of the game‐theoretical analysis are largely
confirmed in the real bargaining situation. Nevertheless, we are fully aware that this approach still
contains some practical limitations. Certainly, game theory does not capture all the nuances and
details of the decision makers’ behaviour. Moreover, the game‐theoretical approach is usually
criticized for being too abstract and its underlying assumptions, including the availability of complete
information, the rational behaviour of players, and the unitary character of players, being unrealistic
(Goeree & Holt, 2001; Plous 1993). Regarding the availability of complete information assumption
e.g., stakeholders might not know exactly in which game they are playing and they might lack
information on the preferences of their opponents. The rationality assumption meets criticism as
well. First, it is questioned whether the players will be able to consistently rank their preferences.
Furthermore, even when the players are capable of defining their preferences, it is questionable
whether they indeed will consistently choose the option with the highest utility. Finally, it can be
questioned whether players can be considered as unitary actors, or instead should be treated as a
collection of decision making actors who do not speak with one voice.
However, we claim that game theory and the resulting outcomes are no more and no less
than a means to understanding complex decision making processes. Completely rejecting the
assumptions in game theory will not be useful. Instead, repairing several assumptions in particular
settings of the game can make the theory more valid and better applicable, providing us with an
interesting analytical instrument to study complex decision making processes in this field. Game
theory has been capable of developing more realistic solutions in the last decades for several of the
assumptions that are discussed above (Goeree & Holt, 2001; Hargreaves‐Heap & Varoufakis, 2004):
e.g. Myerson (1998) has developed a general theory of cooperation under uncertainty and Aumann
& Mascheler (1995) have dealt with incomplete information in game theory (Rasmusen, 2007). For
future development, those approaches might be used to enrich the analysis of the issue discussed in
this paper.
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Conclusions

In this final section, we divide our conclusions into two parts. First, we may draw carefully
some conclusions regarding the issue of value capturing, related to railway station area
redevelopment. The game‐theoretical modelling and the experiment show that bargaining and
negotiation is a useful way to reach an agreement at the efficient and fair allocation of the
increment land values. As demonstrated both in the model and in the experiment, the outcome of
the negotiation depends to a large extent on the institutional context which in the models is
specified by the structure of interdependency relations among the stakeholders. Moreover, the
solutions of the models have provided us with an understanding about the most optimal outcome
both individually and socially, given this context. We can learn from the models that an attempt to
fully capture all the increment values may lead to a sub‐optimal outcome. It means that the
introduction of statutory regulations for value capturing without any assessment about the
institutional context, specifically related to the structure of interdependency among stakeholders
involved, may not only face strong repudiation but, more importantly, could also create inefficiency
due to the sub‐optimal allocation of resources. The outcomes of the models might therefore also
support the argument that the government authorities do not necessarily need statutory powers for
value capturing. It is the bargaining powers of the ID that might be crucial to successfully implement
value capturing. The models confirm that to capture a part of the increment value, the ID should
start negotiations at the time that it may still be able to cancel the infrastructure development. The
result of the analysis also confirms that the ID should wait until (one of) the CDs are willing to make a
coalition (though in real life that might conflict with good government principles). To convince the
CDs to form a coalition, the success of the commercial developments should heavily depend on the
infrastructure development. Contrarily, the CDs are better off when they start commercial
developments only after the infrastructure has been completed.
Secondly, we might conclude that despite its shortcomings as a simplified model of reality,
game‐theoretical modelling offers a useful tool to analyze decision‐making processes in planning,
particularly in the implementation of value capturing. As we have shown in this paper, even the
classical methodology of game theory creates useful insights into the analysed situation. The
advantage of this approach is that it structures the situations to be studied in a simple and clear way.
As a first step, it therefore raises insight into the decision problems at stake which in a later stage
may be refined and extended into a more sophisticated (and presumably more realistic) model.
There are various ways to improve the reliability of the model, by introducing more complexity in
the model. The model can be elaborated, for instance, by taking into account the transaction costs
of the bargaining process, by validating the data regarding the value of the coalition empirically, and
by taking into account the impact of the ‘captured value’ on the financial budgets of both the ID and
the CDs. In sum: there is more to game theory than what we employed here, and, game theory
remains very much work in progress. Therefore, there are many opportunities to apply game theory
to the analysis of spatial development in a broader way.

References
Adams, D., Watkins, C. and White, M., 2005, Planning, Public Policy and Property Markets (Blackwell,
Oxford)

Chapter 6 – Bargaining for Value Capturing

139

Aumann, R.J. and Mascheler, M., 1995, Repeated Games with Incomplete Information (MIT Press,
Cambridge, MA)
Ball, M., 1998, “Institutions in British Property Research: A review” Urban Studies 35(9) 1501‐1517
Ball, M., Lizzieri, C. and MacGregor B.D., 1998, The Economics of Commercial Property Market
(Routledge, New York)
Batt, H.W., 2001, “Value Capture as a Policy Tool in Transportation Economics: An Exploration in
Public Finance in the Tradition of Henry George” American Journal of Economics and Sociology 60(1)
195‐228
Brown, H.J, (ed.), 1997, Land use & taxation : applying the insights of Henry George (Lincoln Institute
of Land Policy, Cambridge, MA)
Brown, H.J. and Smolka, M.O., 1997, “Capturing Public Value from Public Investment” in Brown, H.J.
(Ed.) Land Use and taxation: Applying the Insight of Henry George (Lincoln Institute of Land Policy,
Cambridge, MA)
Cornet, M., 1998, Game‐theoretic Models of Bargaining and Externalities, PhD dissertation,
Universiteit Amsterdam
De Wolff, H., 2007, “The New Dutch Land Development Act as a tool for Value Capturing” paper
presented in the International Conference of Sustainable Urban Areas, Rotterdam
Diaz, R.B., 1999, “Impacts of Rail Transit on Property Values” paper presented in the Commuter
Rail/Rapid Transit Conference, Toronto
Goeree, J. and Holt, C., 2001, “Ten Little Treasures of Game Theory and Ten Intuitive Contradiction”
Am Econ Rev 91(5) 1401‐1422
Hargreaves‐Heap, S. and Varoufakis, Y., 2004, Game Theory: A critical Text (Routledge, London)
Kahan, J.P. and Rapoport A., 1984, Theories of Coalition Formation, (Psychology Press, NY)
Luce, R.D. and Raiffa H., 1957, Games and decisions: introduction and critical survey (Wiley, NY)
Munoz Gielen, D., 2008, “Public Value Capturing and the Financing of Public Infrastructure in
England, Valencia and the Netherlands” paper presented in Planning, Law and Property Rights
Conference, Warsaw
Munoz Gielen, D., 2010, Capturing Value Increase in Urban Redevelopment, Doctoral Thesis:
Radboud University Nijmegen
Myerson, R.B., 1991, “Values of game in Partition Function Form” Intl. Journal of game Theory 6(1)
23 – 31
Myerson, R.B., 1998, “Population Uncertainty and Poisson Games” Int Jnl of Game Theory 27 375‐
392
Needham, B., 2007, Dutch Land Use Planning: Planning and Managing Land Use in the Netherlands,
the Principles and the Practice (SDU Publisher, The Hague)

140

Games and the City

Owen, G., 1995, “Values of Games with a priori unions” in Henn, R. and Moeschlin, O. (Eds.) Essays in
Mathematical Economics and Game Theory (Springer Verlag, Berlin)
Plous, S., 1993, The Psychology Judgment and Decision Making (McGraw‐Hill, London)
Raad voor Verkeer en Waterstaat (The advisory board for the Minister of Transport of the
Netherlands), 2004, Ieder zijn deel: Locatiebereikbaarheid anders aanpakken (The Hague).
Rasmusen, E., 2007, Games and Information 4th edition (Blackwell, Malden, MA)
Ryan, S., 1999, “Property Values and Transportation Facilities: Finding the Transportation‐Land Use
Connection” Journal of Planning Literature 13(14) 412‐427
Samsura, D.A.A., Van der Krabben, E. and Van Deemen, A., 2010, “A game theory approach to the
analysis of land and property development Processes” Land Use Policy 27(2) 564‐578
Samsura, D.A.A. and Van der Krabben, E., 2011, “Funding Transport Infrastructure Development
through Value Capturing: A Game Theoretical Analysis” in Van Nunen, J.A.E.E., Huijbregts, P. and
Rietveld, P. (Eds.) Transitions Towards Sustainable Mobility: New Solutions and Approaches for
Sustainable Transport Systems (Springer‐Verlag, Berlin Heidelberg)
Shapley, L.S., 1953, “A Value for N‐Person Games” in Kuhn H and Tucker A (Eds.), Contributions to
the Theory of Games volume II (Annals of mathematical Studies, 28) (Princeton University Press,
Princeton)
Smith, J.J., and Gihring, T.A., 2006, “Financing Transit Systems through Value Capture” American
Journal of Economics and Sociology 65(3) 751‐786
Smolka, M.O., 2000, Value capture for Urban Development: An Inter‐American Comparison (Lincoln
Institute of Land Policy, Cambridge)
Thrall, R. and Lucas, W., 1963, “N‐Person games in partition function form” Naval Research Logistic
Quarterly 10 281‐298
Van der Krabben, E. and Needham, B., 2008, “Land readjustment for value capturing: A new planning
tool for urban redevelopment” Town Planning Review, 79(6) 651 ‐ 672
Von Neumann, J. and Morgenstern, O., 1944, Theory of Games and Economic Behaviour, Princeton
University Press (Princeton, New Jersey)
VROM (Ministry for Housing, Planning and the Environment), 2004, Gereedschap voor Ruimtelijke
Ontwikkelingspolitiek (The Hague)

PART 4

Chapter 7 has been accepted for publication as:
Samsura, D.A.A., van Deemen, A.M.A., van der Krabben, E. and van der Heijden, R.E.C.M.
(forthcoming)
AN EXPERIMENTAL STUDY OF COMPUTER‐BASED NEGOTIATION IN PROPERTY
DEVELOPMENT PROCESSES
International Journal of Strategic Property Management

Chapter 8 has been submitted for publication as:
Samsura, D.A.A., van der Krabben, E. , van Deemen, A.M.A. and van der Heijden, R.E.C.M.
NEGOTIATION PROCESSES FOR LAND AND PROPERTY DEVELOPMENT: AN EXPERIMENTAL
STUDY.
Urban Studies

7 AN EXPERIMENTAL STUDY OF
COMPUTERBASED NEGOTIATION IN
PROPERTY DEVELOPMENT
PROCESSES
Abstract
This paper reports an experiment based on the model of bilateral sequential bargaining over
the distribution of a certain value in a laboratory setting within a real specific context of property
development in the Netherlands. We have involved only property development professionals as
participants in the experiment who have experience with the context. We have also extended the
experiment into three different negotiation games distinguished by the availability of information to
the participants: a negotiation game with incomplete information, asymmetric information, and
complete information.
We have found in this experiment that the availability of information could affect the
plausibility to reach an agreement, particularly due to a restricted communication setting. This study
also provides evidences that it is in the negotiators’ concern to reach an agreement with a fair
outcome, which is defined here as the equilibrium, regardless the availability of the information to
them.

7.1

Introduction

It has been well‐acknowledged that the practice of property or land and real estate
development almost always involves negotiation processes, for instance between a municipality and
a private developer, between a municipality or a private developer and a landowner, between a
private developer and an institutional investor, et cetera. (Healey et al., 1995; Ennis, 1997;
Urbanavičiene, Kaklauskas and Zavadskas, 2009). The concern in those negotiations may vary. It
could be about the price to be paid for a piece of land, the contribution of a private developer to
infrastructure costs (value capturing), the price to be paid for acquiring a completed building, or else
(Adams, 1994; Xu et al., 2012). A successful negotiation, including bargaining and making a
compromise among stakeholders involved, clearly plays a crucial role in urban planning in general
and to attain a successful land and real estate development project in particular. A failure to make a
good bargain among stakeholders involved will therefore most likely hamper land and real estate
development processes.
The study of negotiations as a bargaining process has received much attention in different
fields of disciplines. It mainly aims to help people to negotiate in a more effective way (Bazerman,
1986; Thompson, 1990). There has also been a growing interest in experimental work on bargaining
(e.g. Ochs & Roth, 1989; Weg & Zwick, 1999; Binmore, et al., 2007), aiming to observe bargainers’
behaviour in a negotiation process. Although the literature on negotiation and bargaining in the field
of urban planning and land and real estate development is extensive (see e.g. Ennis, 1997; Farthing
143
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& Ashley, 2002; Ruming, 2009; Urbanavičiene et al., 2009), experimental studies of negotiation and
bargaining in this field are almost absent (with, however, a few notable exceptions, including Black &
Diaz, 1996; Arentze & Timmermans, 2003). The relevance of negotiation experiments with real‐life
situations, especially related to urban planning and land development, is not trivial. Because of the
difficulty in specifying the influence of unique factors of stakeholders’ behaviour on the outcome of
the negotiation due to its intrinsic complexity, an experiment could be a good tool to observe and to
control the stakeholders’ responses to specific stimuli. Hence, it might provide general insights about
the behaviour of stakeholders in a negotiation process and may even predict the outcome of
negotiation processes under certain conditions.
Our purpose in this paper is to report on an experiment of negotiations in a laboratory
setting between a public authority and a private real estate developer with regard to a property
development process. This experiment attempts to observe and analyse actors’ strategic decision
making behaviour in the negotiation process. For this experiment we make reference to game‐
theoretical experiments carried out in other fields of study. The negotiation is about the developer’s
contribution to the costs of public works in the case of public infrastructure provision, assuming that
this public infrastructure is beneficial to the private developer’s investments in a specific land and
property development project. The issue of value capturing in land and property development raises
discussions in almost every country (Van der Krabben & Needham, 2008). The outcome of the
negotiations however will very much depend on the institutional context (planning legislation) in
which the negotiations take place. We use the Dutch planning system and its specific institutional
settings for land and property development as the context for the experiment in this paper.
This paper is structured as follows. In section 7.2, the set up of the experiment is discussed
which include the general framework for the experiment, the context of the experiment which
related to land and real estate development process, the conceptualisation of general problems that
are investigated in the experiment including some hypotheses for the analysis, and then followed by
an explanation about the design of the experiment. Section 7.3 provides the results of the
experiment and then they are discussed in section 7.4. Finally, section 7.5 presents the conclusions
that can be derived from our experimental study.

7.2

The Experiment

7.2.1 General framework
The negotiation experiment in this study has been developed based on the model of
bilateral sequential bargaining over the distribution of a certain value. In this kind of experimental
models, the bargaining is limited to a certain period of time in which the bargainers have the
opportunity to make alternate offers. Each of the bargainers can make an offer which the other may
accept or reject. If the offer is accepted, the bargaining process ends and both bargainers receive
their payoffs based on the accepted offer. If the offer is rejected before the negotiation time has
ended, the other bargainer can make a new offer. The bargaining results in disagreement if no offer
has been accepted when the bargaining time is ended. In that case both bargainers will receive
nothing.
Various studies of this kind of experiment have reported different results, sometimes quite
contradictive to one another especially regarding the issue of fairness. For instance, the work of Roth
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et al. (1981) confirms that bargainers tend to seek a fair result by agreeing to divide the outcome of
the negotiation in equally‐sound value. This result is common among studies in social psychology
(see e.g. Major, 1994 and Jost et al., 2004). On the other hand, the work of Guth et al. (1982)
suggests that the bargainers basically cannot be expected to persuade a fair division of the
negotiation outcome.
The issue of fairness has been an important topic of long debates in economics. The
traditional economic assumption of the profit‐maximizing agents clearly expresses that fairness is
irrelevant to economic analysis. The non‐fairness assumption implies a resistance to explanations of
economic actions in moral terms. Reality, however, provides many examples indicating that people
are also driven by fairness considerations and act more cooperative than is assumed in the standard
free actions of self‐interested agents approaches. In this study, we also attempt to investigate the
issue of fairness specifically in a negotiation process between a public authority and a private
developer in a land and real estate development project. More about this issue will be explained in
section 7.2.3.
It should be noted that most of the bargaining experiments, including those that are
mentioned above, have two general features. First, they were carried out in a context‐neutral setting
by involving ‘general’ participants (usually students, sometimes specifically from economics
departments in a university), which basically is reasonable since the main purpose of those studies
was to analyse the strategic economic behaviour of subjects in general bargaining situations. In our
study, the context is more important than has been suggested in some previous general negotiation
studies. The reason for this is that in our experiment, our concern is primarily with the negotiation
about the extent to which the costs of public infrastructure provision related to land and property
development are shared between the public and the private sector. We particularly specify this
context within the Dutch institutional setting. Typical for land and property development in the
Netherlands is the municipalities’ pro‐active land policy and, in that context of active land policy, the
application of the so‐called building claim model. For that reason, in this study we use subjects from
the field to ensure that the context could be brought into the experiment by the participants. More
explanation about this context will be provided in section 7.2.2.
The second general feature in a general bargaining experiments is that the time period
usually is limited to some definitive stages in exchanging offers that should be made by the
bargainers. Mostly, they even have only one stage of bargaining as in the ultimatum bargaining
game31. In the experiment conducted in this study, we only impose a time limit to do the bargaining
process, but there is no limitation on how many stages the bargainers can make in exchanging
offers.

31

The ultimatum bargaining game is a form of bargaining in which two players interact to decide how to
divide a sum of money that is given to them. The first player proposes how to divide the sum between the
two players, and the second player can either accept or reject this proposal. If the second player rejects,
neither player receives anything. If the second player accepts, the money is split according to the proposal.
The game is played only once so that reciprocation is not an issue.
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7.2.2 Context of the experiment
In order to pro‐actively implement their planning goals, Dutch municipalities often actively
purchase all required land from its original landowners to be developed as officially stated in a land
use plan. After that the municipality readjusts the parcels into building plots suitable for the desired
development, then services the land by providing necessary infrastructures and utilities, and finally
releases the parcels to developers and/or end users (Van der Krabben & Jacobs, 2013).
Municipalities charge full market prices for the building plots (based on residual valuations) and they
use the income from the building plot sales to cover the costs of the public infrastructure provision.
A condition for the successful implementation of this active land policy is that the
municipality must assemble all land in the plan area, to be able to gain sufficient income from the
building plot sales to cover the public infrastructure costs. In some situations32, however, private
developers that have an intention to build houses or any other real‐estate development have been
able to acquire land in the plan area before the municipality was able to do so. In those cases, a so‐
called building claim model or strategy has been (and still is) applied. The strategy involves an
agreement between the private developer and the municipality that the private developer sells his
land to the municipality (so that the municipality has complete ownership of the land in the plan
area) without trying to make any profit (the selling price is usually very similar to what the private
developer had previously paid for it), but under the condition that the private developer holds a
building claim that guarantees him both the first right to buy the serviced land from the municipality
and a building permit to build real estate properties on it. Especially in the case of residential area
development, the building claim model also involves an agreement between the developer and the
municipality regarding the number and type of houses that can be built on the land33 and the
infrastructure, public utilities and public space that will be provided (at the cost of the municipality).
Sometimes, the municipality and private developer may agree that the building plots that will be
sold to the private developer are located somewhere else in the planned development area (not
exactly the same location where the private developer previously held its land position). By
participating in the building claim model, the private developer will benefit from a high‐quality
location, ‘provided’ by the municipality, for profitable property development and, at the same time,
excludes competitors from the market (Korthals Altes, 2006; Boelhouwer, 2005; Needham &
Verhage, 1998). Usually, the above negotiations take place with respect to very large residential
developments (5,000 to even 25,000 houses built on one location). Various private developers – and
also housing associations – may hold land positions here and also the municipality itself usually has
been able to acquire land. The municipality will negotiate with each of the land holding private
developers individually regarding the sale of ‘raw land’ from the private developer to the
municipality and the sale of serviced building plots with the building claim from the municipality to
the same private developer. In those situations, the negotiation between the municipality and the
private developer does not only concern the price of the raw land to be paid for the land to be
purchased by the municipality, but also the price of serviced land to be sold back by the municipality

32

33

For reasons that we leave out of this paper. See Needham (2007) and Van der Krabben & Jacobs (2013) for
a detailed explanation of the developments that took place on the Dutch land market.
The number of houses that the private developer will be allowed to build usually depends on the size of its
land position (roughly, 1 hectare of land will give a building claim of around 30 houses).
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to the land developer. The latter negotiation – on which our experiment will be focused on – can be
considered as a value capturing negotiation: the higher the price the private developer agrees to pay
for the serviced building plots, the better the municipality is able to cover its costs of public
infrastructure provision. Those negotiations have been characterised as a lengthy processes and in
many times resulted in disagreement which eventually drove the development project into a failure
(Van der Krabben & Needham, 2008: Muñoz‐Gielen, 2011).

7.2.3 Problem conceptualisation and hypothesis
As mentioned earlier, this experiment concerns about observing, through a simulation,
actors’ strategic decision making behaviour in a negotiation process also with regard to the issue of
fairness that occurs specifically between a municipality and a private developer over the price of
serviced land in land and real estate development process based on the Dutch building claim model.
Fairness is not an easy issue to define because what counts as fair in different societies and different
situations might vary as much as the discrepancy of humans preferences and behaviours. In many
social systems fairness might also be perceived as a form of justice and there are many types of
justice principles that can be identified in social science literature (Cook and Hegtvedt, 1983). Among
those principles, we can make a general distinction between equity and distributive principles of
justice or fairness. The equity principle involves notions of exchange and is defined as the
equivalence of the ratio of outcome and inputs of all parties involved in the exchange (Adams, 1965).
Suppose there are only two parties (A and B) engaged in the exchange of two valued resources, for
instance x that is provided by A and y that is provided by B. In this case, x is perceived as A’s input to
exchange and also as B’s outcome, while y is perceived as B’s input and A’s outcome. The equity
principle is then said to exist if the ratio of outcome and input, for both A and B, is equal.
The second principle of justice, i.e. the distributive principle, concerns general fairness in
allocation situations. Allocation occurs when one party tries to distribute a value – could be as a
reward, a resource, rights, obligations, etc. – to an array of recipients. As argued by Eckhoff (1974),
both exchange and allocation processes can actually be combined, as he defined exchange as a
special class of allocation in which the distribution mechanism is the two‐way transfer of mutual
benefits. The form of equality as in the equity principle is therefore also upheld in the distribution
process which then can be conceived as the equality principle. Homans (1958) had referred this rule
of equality in a distribution mechanism as a condition of equilibrium. In this study, we also use this
notion of equal distribution to analyse fairness. With regard to the negotiations between a
municipality and a private developer over the price of serviced land in property development, we
therefore attempt to investigate whether both parties are concerned about fairness. This could be
confirmed by an equilibrium of the negotiation outcome based on the equal distribution principle.
In addition to the principle above, many studies have demonstrated that actors’ preferences
for fairness are also related to the availability of information. For instance, Hoffman et al. (1994) and
Straub and Murnighan (1995) have found in experiments that agents or bargainers tend to made
much smaller offers when they know that their opponents’ cannot observe their actions. They also
confirm that bargainers have a tendency to agree on a fair outcome when they have information
about the amount being divided in the bargaining situation. In this study, we use this contention as a
hypothesis for the observation in the experiment, hence we expect that with increased availability of
information, the parties in a bargaining process will be more inclined to fairness. Furthermore, we
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might also reasonably expect that, prior to having a fair outcome, the availability of information will
also affect the bargainers’ possibility to reach an agreement and to increase negotiation efficiency,
in terms of time or stages needed for the negotiation. The hypotheses of this study can therefore be
formulated as follow:
H1: The more available the information, the more plausible it will be that the bargaining
parties will reach an agreement.
H2: The more available the information, the lesser number of stage negotiation needed by
the bargaining parties to reach an agreement
H3: The more available the information, the more inclined the bargaining parties will be to
reach a fair agreement.

7.2.4 Experimental design and procedures
Our experiment deal with the negotiation that takes place between a municipality and a
landholding private developer. The negotiation is specifically concerning the price per m2 paid for
serviced building plots as part of a greenfield residential development. The process of the
negotiation takes place, as we explained earlier, at the time that the private developer agrees to sell
the raw land that he owns to the municipality. As an exchange for the building right to claim back
the land by buying it from the municipality, the private developer must pay this price at a certain
time in the future, after the land has been serviced and public infrastructure has been provided,
when he/she can really start to build houses. Although the building claim model is quite common
now in residential development projects in the Netherlands, we are aware of the fact that it can still
be quite complicated to fully understand it by non‐involved participants in the experiment. In order
to make sure that this context for the experiment is taken into account, we therefore have involved
only planning and land and property development professionals as participants in the experiment
who have experience with active land policy and the implementation of the building claim model. A
total of 20 subjects participated in this experiment who constitute 90 negotiations process in total
(see section 7.3).
The experiment is developed based on linear bilateral distributive negotiation model of
Raiffa (1982). In this model, there are only two players involved. Let’s assume these players are a
seller (S) and a buyer (B). Both player should at least have the information about their own
reservation price (namely RS and RB for S and B respectively) to be able to make a negotiation. For S,
this reservation price means the minimum price he/she could accept; and oppositely for B, it means
the maximum price he/she could afford. A negotiation can therefore never have an agreement if RS
> RB. The positive interval between RS and RB, i.e. RB – RS, expresses the zone of possible agreement
(ZOPA). In the case of equal power position between S and B, the equilibrium is defined by the equal
division of the difference between the reservation prices of S and B or (RB – RS) / 2, i.e. the middle
value of ZOPA.
In order to apply this bargaining in an experiment, as mentioned earlier, we went beyond
the common bargaining games experiments which usually involve only one exchanging stage, by
imposing a limitation only on the time of bargaining and not on the stages of bargaining. The
bargainers can thus make as many sequential exchanging offers as necessary to them within the
time limits for the negotiation. In addition to that, we also have extended the experiment into three
different negotiation games distinguished by the information that is available to the participants: a
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negotiation game with incomplete information (Game 1), a negotiation game with asymmetric
information (Game 2), and a negotiation game with complete information (Game 3). By playing these
three different games, we expect to find differences in the bargainers’ decision behaviour related to
the availability of information.
The Session was conducted in the NSM Decision Lab at Radboud University Nijmegen34
where subjects were seated in isolated cubicles in front of computer terminals that were connected
through a computer network. In this experiment, the subjects were thus doing the negotiations via
computers without knowing their opponents and without having any opportunity to communicate
with them. With this setting, we could have more control on the results of the experiment by
minimising the influence of such emotional factors including personal persuasion or intimidation as
well as any consideration about external issues, and hence we could expect that the bargainers
would make their decisions as best as they can based on their experiences and knowledge as the real
experts and professional from the field.
The experiment was programmed using the z‐Tree software (Fischbacher, 2007). The
program assigned the subjects in a random way to play either a role as a municipality or a private
developer and coupled them into ten groups. Once a subject is assigned to play a certain role,
he/she sticks to this role for the whole experiment. Moreover, three treatments or games were run
accordingly to the three different negotiation games mentioned earlier. Each game was run for three
rounds, hence there were nine negotiations rounds in total. In each round, the program also
randomly changed all the groups; therefore each subject makes the negotiation with a different
opponent. The negotiation time in each round was limited to 6 minutes. At the end of each round,
all subjects were asked to written down their motivations in having or not having an agreement via
the computer.
All subjects were provided with relevant financial information targeted to their role, based
on hypothetical land development projects. Based on the three different games that were played in
this experiment, three different availability levels of financial information were given to the subjects
as if they were involved in three different land development projects. The financial information for
the municipalities was about the total costs to prepare the land with necessary public infrastructures
and also the reservation price or the minimum price that they could accept from the private
developer to avoid financial loss from the negotiation.35 The financial information for the private
developers contains the costs for developing the land with houses as well as the expected revenues
from selling the houses to end‐users and the reservation price or the maximum price they could
accept to buy the serviced land from the municipality in order to avoid financial loss.36 It should be
noted here that the reservation price of municipalities will always be lower than the private
developers’ reservation price in order to make it possible for both parties to make an agreement.
The reservation prices of each bargainer in each game are given in Table 7.1.

34
35

36

http://www.ru.nl/fm/decisionlab/
A loss will occur when the total revenues of the sale of the building plots is lower than the total costs for
the municipality, consisting of the acquisition costs for the raw land and the costs for the public works.
A loss will occur when the total revenues of the sale of the houses is lower than the total costs for the
private developer, consisting of the acquisition costs of the serviced building plots and the building costs.
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Expected profits for the municipality and the private developer were also included in their
corresponding financial information, to give the bargainers some ideas about the price they would
like to offer or accept in the negotiation. The residual valuation method which is usually employed in
the financial appraisal of land and property development projects were used here to calculate the
expected profits (Morley, 2002). The expected profit is expressed as a certain percentage from the
total development costs. These profit percentages are considered in this experiment as the utility of
the negotiation outcome to the corresponding bargainers.
Table 7.1 Reservation prices of bargainers
Game 1

Game 2

Game 3

Private developer’s reservation price

350

300

320

Municipality’s reservation price

260

240

280

The level of financial information that was available to the players varied in each game. All
subjects in Game 1 were only provided with the financial information accordingly to his/her role. In
Game 2, the subjects who play as private developers had both the financial information concerning
their own position and concerning the municipalities’ position, while the subjects who played as
municipalities only had access to the financial information concerning their own position. In Game 3,
all subjects were provided with both the financial information regarding their own position and their
opponent’s position.

7.3

Results

In this section, we present the data obtained from the experiment. The observation focused
on three main features of bargaining outcomes, including (1) the final prices that were set in the
negotiations with an agreement, (2) the number of negotiations that reached an agreement and that
did not, and (3) the number of stages to reach that agreement. There were 30 negotiations for each
game, and thus in total there were 90 negotiation results from this experiment.

7.3.1 Number of Agreements
The results of the observation regarding the number of negotiations that reached an
agreement or not are presented in Table 7.2. It shows that the number of disagreements increases
from Game 1 to Game 3. Intriguingly, in round 1 of Game 3, there were only two groups out of ten
that were able to reach an agreement. With this result, we should reject our first hypothesis (H1)
that says the more available the information, the more plausible it will be that the bargaining parties
will reach an agreement.. In other words, the results of the experiment have gave us an interesting
understanding that apparently the availability of information does not necessarily make the
bargainers easier to reach an agreement. On the contrary, it apparently makes it harder for them to
do so.
In order to statistically prove that the differences in the availability of information in the
games significantly cause the different results in reaching an agreement or not, we applied Cochran’s
Q test from non‐parametric statistics, since we do not have any assumption about the distribution of
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the data. The results of the test for the three games are given in Table 7.3. Intriguingly, with  =
0.05, the test confirms that the availability of information affects the decision of bargainers to reach
an agreement only for round 1, but not for the whole game. These results will be discussed in more
detail in section 7.4.
Table 7.2. Number of negotiations with and without agreements
Number of Negotiations

GAME 1:

Round 1

7

Without
agreement
3

Incomplete
Information

Round 2

7

3

10

Round 3

7

3

10

Total

21

9

30

GAME 2:

Round 1

8

2

10

Asymmetric
Information

Round 2

5

5

10

Round 3

4

6

10

Total

17

13

30

GAME 3:

Round 1

2

8

10

Complete
Information

Round 2

6

4

10

Round 3

7

3

10

Total

15

15

30

With Agreement

Total
10

Table 7.3. Cochran’s Q test results
Round 1

Round 2

Round 3

Agreement

No
agreement

Agreement

No
agreement

Agreement

No
agreement

Game 1

7

3

7

3

7

3

Game 2

8

2

5

5

4

6

Game 3

2

8

6

4

7

3

Cochran's Q

6.2

0.857

2.25

2

2

2

0.045

0.651

0.325

df
Asymp.Sig.

7.3.2 Negotiation Stages
Regarding the number of negotiation stages, average numbers clearly decline from Game 1
to Game 3 (Fig 7.1). It means that we should accept our second hypothesis (H2) that says the more
available the information, the lesser number of stage negotiation needed by the bargaining parties
to reach an agreement. Assuming that the negotiation can be considered as more efficient if an
agreement can be reached using less stages, these results may confirm that the availability of
information to the bargainers does increase the efficiency of the negotiation.
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3

Fig 7.1. Average of negotiation stages in each game

7.3.3 Final Prices
Concerning the agreed final prices that came out of the negotiations, it was investigated
whether the prices could confirm or preclude the equilibrium, especially one that is expected to
promote an equal division of negotiation outcome. The equilibrium in this experiment is calculated
based on a refinement of Raiffa’s approach (1982). While Raiffa’s approach would calculate the
equilibrium price by equally dividing the difference between the municipality’s and private
developer’s reservation prices, in our experiment we calculated the equilibrium in each game by
finding the price that yields an equal utility for both players (PE) which, as mentioned earlier, is the
profit percentage to the corresponding total costs of both the municipality and the private
developer.
The general description of the final prices of each game that were observed from the
experiment as well as their corresponding expected equilibrium prices and the bargainers’ utilities at
the equilibrium prices are given in Table 7.4. Furthermore, the average values of the agreed final
prices from round to round for Game 1 to Game 3 are given in Fig 7.2 to Fig 7.4 respectively,
showing the tendency of the agreed final prices towards their corresponding equilibriums.
Table 7.4 Final prices for each game
N

Min

Max

Average Std. Dev.

Equilibrium Bargainers’
Prices (PE) utilities at PE

Final Prices of Game 1

21

265.00 307.00

278.29

9.61

282.24

8.6

Final Prices of Game 2

17

245.00 269.00

257.50

6.78

257.61

7.3

Final Prices of Game 3

15

291.00 294.00

293.00

0.91

293.13

4.7
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Min Price
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250
240
3

Fig 7.2 Final prices of Game 1 for each round
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260
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268
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Fig 7.3 Final prices of Game 2 for each round

295
294

294

293
292

293
292

294
293.14
E = 293.13
292.5

Max Price
Average Price
Min Price

291

291

Equilibrium

290
289
1

2

3

Fig 7.4 Final prices of Game 3 for each round
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From Table 7.4, we can find that the average of final prices of Game 2 and Game 3 are very
close to their equilibriums compared to Game 1 which means that the propensity of the bargainers
to seek a fair result is more apparent in these two games. In order to prove the significance of the
agreed final prices in each game related to its corresponding equilibrium, we conducted the
Wilcoxon signed‐rank test from non‐parametric statistics (again, because we do not have any
assumption about the distribution of the data). The results of the test indicate that, at the  = 0.05
level of significance, there is sufficient evidence to claim that in Game 2 and 3 the bargainers had
significantly settled an agreement at the equilibrium prices (Table 7.5). However, although we
cannot conclude that in the Game 1 the bargainers were reaching the equilibrium, its significance
value still suggests that it is very close, because the value is exactly in the threshold of rejecting the
claim.
Table 7.5 Wilcoxon signed‐rank test results

Z
Asymp. Sig.

Game 1

Game 2

Game 3

‐1.964

‐0.071

‐0.573

0.05

0.943

0.567

Meanwhile from Fig 2 to Fig 4, we cannot draw a clear conclusion whether the average final
prices from round to round in each game have a tendency to move closer to their corresponding
equilibrium or not, except perhaps in Game 3. In Game 3, the trend clearly moves towards the
equilibrium, while even the average final prices almost equals the equilibrium in round 3. However,
although for Game 2 the trend is not very clear (Fig. 3), it is interesting to see that still the average
final prices for this game are exceptionally close to the equilibrium in all rounds. As the results of this
experiment confirm that in all three games, the outcomes of the bargaining are close to the
equilibrium. This means that the bargainers are trying to obtain the fair outcome regardless the
availability of information to them. We therefore do not have a strong argument to accept our third
hypothesis (H3) that says the more available the information is, the more inclined the bargaining
parties will be to reach a fair agreement.

7.4

Discussion

As we mentioned above, the results of the experiment show that the number of
disagreements increase from Game 1 to Game 3. This suggests that in the first iteration, the
bargainers find it more difficult to reach an agreement when they have more information regarding
the financial conditions of their opponents. These results are in contrast with results from earlier
research, showing instead a positive effect of the availability of information to the extent in which
the bargainers’ can reach an agreement (e.g.: Hurwicz, 1972; Selten, 1978; Roth & Murnighan,
1982). Referring to one of the fundamental assumptions in game theory – a rational play depends on
the availability of the relevant information regarding both the structure of the game and the utility
function of the players – we would assume that an agreement, as a rational outcome of the
bargaining process, might be expected to transpire in this experiment when the bargainers have a
common knowledge about complete information. The evidence that was found in this experiment
may therefore suggest that the bargainers act less rational when they have complete information.
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The subjects in the experiment motivated their tendency not to reach an agreement anymore after
having full information about their opponents’ financial position by arguing that they tend to distrust
their opponents. With full information about their opponents’ financial situation they were able to
find out that their opponents have asked “too much”. Their response was to punish their opponents
by increasing their bids as well, considering this as a fair response even though these responses may
lead to disagreement. We assume that in the situation of incomplete information, the trust problem
does not exist – or at least to a lesser extent ‐ simply because the subjects do not really know what is
“too much” for the opponent. However, as we found that the effect of information availability to the
bargainers’ propensity to reach an agreement is not significant in the second and the third iteration
of the bargaining process, we might conclude that the repetition of the bargaining process gives the
bargainers an equal opportunity in all the three games to learn from their previous attempts, in
order to have a better outcome by reaching an agreement.
It is also interesting to note that, although the observation of the number of
agreements/disagreements shows that the subjects were evidently not behaving in a rational way,
the results of the experiment considering the final prices prove otherwise. Regardless the availability
of information, in each game the bargainers tended to be more rational in reaching a fair outcome,
demonstrated by the fact that the results were getting closer to the corresponding equilibrium. This
claim is not only confirmed by the statistical test, but also by the subjects’ explanations in which they
stated that they had indeed the intention to look for a fair outcome. They also stated that the fact
that they could not communicate their intentions to one another during the experiment made it
difficult for them to assess their opponent’s intentions. Since the only way to communicate in this
experiment is by offering a bid, the bargainers found it hard to trust their opponents that they
wanted to reach a fair outcome (i.e. the equilibrium) from the negotiation as well, when the
opponent made an offer that is too far away from the equilibrium, which in the end could ruin the
negotiation. These findings might permit us to speculate that due to the lack of communication
between the bargainers, the more information that is available to them, the more suspicious they
are in trusting their opponents

7.5

Conclusion

This paper has reported an experiment about three different two‐person bargaining
processes in which different levels of financial information availability are used as stimuli in a
laboratory setting. Specific contexts together with specific subjects were used in the experiment in
order to give us a possibility to specifically observe the bargaining process in land and property
development, particularly regarding value capturing for public infrastructure provision.
The results of the experiment have confirmed that, with the specific contexts introduced to
the negotiation, both the availability of information and the (lack of) communication opportunities
play an important role especially to the bargainers’ propensity to reach an agreement and to the
efficiency of the bargaining. We have learned from the present study that the more information is
available to the bargainers, the more difficult it is to them to reach an agreement, particularly in a
situation that communication is restricted. This study also provides evidence that it is in the
bargainers’ concerns to reach an agreement with a fair outcome, which is defined here as the
equilibrium, regardless the availability of the information to them. A fair outcome, in the context of
the experiment, means that private developers from their side are willing to pay a good price for the
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building plots (thus contributing to the costs of public infrastructure provision) and that
municipalities accept the commercial drive of the private developers to make a profit out of the
development. A bit speculating on this outcome, one could argue that legislation for value capturing
in land and property development ‐ available in some countries, including the Netherlands, but not
in other countries – is perhaps not necessary, since municipalities and private developers often have
a mutual interest in reaching an agreement about planned developments, including private sector
contributions to public infrastructure costs.
Although this study may provide some insights about the strategic negotiation behaviour of
stakeholders in land and property development processes, the conclusions should still be received
with much caution. To achieve a more robust general conclusion, it is important to run the
experiment in many repetitions with more variation in amount and nature of information, while at
the same time, more contextual factors should be taken into account in the bargaining process to
make it closer to the real world.
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8 NEGOTIATION PROCESSES FOR LAND
AND PROPERTY DEVELOPMENT: AN
EXPERIMENTAL STUDY
Abstract
Negotiations have always played an important role in urban planning and in land and
property development processes. Numerous case study‐based studies have been done to
demonstrate the significance of negotiation to resolve the divergent interests of stakeholders. This
study attempts to apply an alternative methodological perspective by analysing the negotiation as a
more generic mechanism through a role‐playing face‐to‐face negotiation experiment with experts in
the field.
A number of important aspects of the outcomes were analysed to get useful insights into
stakeholders’ behaviour in the negotiation processes. Our study confirms that the stakeholders do
tend to behave rationally in the negotiation and the information availability, especially regarding the
financial conditions under which the developments take place, plays an important role in defining the
success of the negotiations. Finally, based on the experiment, it is possible to define the urban
planning equilibrium satisfying all stakeholders in the negotiation process.

8.1

Introduction

Conflicts and lengthy negotiation processes are quite common in decision making with
respect to land and property development especially related to public infrastructure provision
(Muñoz‐Gielen, 2011). This is often due to the fact that the many stakeholders in land and property
development projects have partly shared and contradictory interests which often withholds them
from an agreement (van der Krabben & Needham, 2008). Concerning the importance of negotiations
with respect to land and property development, it is important to have a more detail analysis to
better understand the possible outcome of the negotiations and also to find the conditions for more
successful negotiations.
The importance of negotiation in urban planning has long been recognized. One of the
prominent source regarding this topic is provided by an Urban Studies special issue in 1997 that
elaborated the rationale for negotiation in urban planning (e.g.: Ennis, 1997; Sagalyn, 1997; ) and
specifically for the case of public infrastructure provision (e.g.: Claydon & Smith, 1997; Marvin &
Guy, 1997;). More recently, numerous case studies have demonstrated the significance of
negotiation to resolve the divergent interests of stakeholders in urban development processes (see
e.g.: Farthing & Ashley, 2002; Ruming, 2009).
Although the use of a case study approach is certainly useful in providing empirical evidence
of negotiation processes in urban planning, it has also clear disadvantages related to the difficulty in
specifying the influence of unique factors on the results of the negotiation. Moreover, the
generalisation of the insights in the behaviour of stakeholders in negotiation is often problematic
due to the limited number of cases. An alternative research approach is to use experimental settings
159

160

Games and the City

for analysis that offer the opportunity to study behavioural aspects in relation to responses on
controlled stimuli. This paper is based on the latter approach. It attempts to analyse negotiation
processes in land and property development by applying a systematic and theoretically well‐founded
experimental approach to observe the relation between the specific characteristics of land
development processes and interactive behaviour of stakeholders. Our experiment is placed in the
context of Dutch planning and its specific institutional setting for land and property development,
but the results are also useful for understanding similar negotiations in other countries.
The article is organized as follows. In section 8.2, a state of the art of negotiation analysis is
provided as a framework for the experiment. Section 8.3 briefly analyses the specific institutional
context of land and property development in the Netherlands, as the context for the experiment.
Section 8.4 outlines the experiment, while the results of the experiment will be discussed in section
8.5. Finally, section 8.6 provides the general conclusions of the research.

8.2

The Framework: A Brief Introduction to Negotiation Analysis

In general, two types of negotiation analysis can be distinguished, respectively for practical
and theoretical purposes. The first type focuses on helping negotiators to increase their abilities and
skills in performing negotiations (e.g.: Lewicki, 1975; Rubin & Brown, 1975), while the second type
focuses on predicting the outcomes of negotiation, usually assuming that the negotiators behave
rationally (e.g.: Harsanyi, 1956; Nash,1950). Based on the growing body of studies of negotiation
processes in the field of urban planning and land development, a number of fundamental questions
have been raised, including: What leads the negotiation into success or failure? Which theoretical
explanations are provided for successful negotiation behaviour? To what extent do empirical
findings support certain theoretical approaches to negotiation processes? In order to address these
theoretical and empirical issues, here we follow Raiffa’s approach (1982) in analysing the negotiation
process. This approach employs a method that integrates elements from both game theory and
multiple criteria decision analysis.
Any negotiation or bargaining process attempts to reach an agreement or consensus. In
many cases however, a consensus may not reflect the best interest of all parties involved.
Nevertheless, it should be the best what each party can achieve, although sometimes it can only be
achieved by reaching no agreement at all. Game theory investigates the outcome of a negotiation by
using the equilibrium concept. The prominent equilibrium concept in game theory is called Nash
Equilibrium (Nash, 1951). The Nash equilibrium can be defined as any profile of strategies, one for
each player, in which each player’s strategy is the best reply to the strategies of the other player.
Because of its rigorous techniques and methods, a game‐theoretical approach offers powerful
insights into the negotiation problem. It provides a systematic method to analyse how a party in a
negotiation might respond to another party’s suggestions and what unintentional effects of their
actions might incite.
Although it has significant advantages, game theory also has some limitations. The
traditional approach of game theory, which is normative in nature (in trying to achieve the
equilibrium), might make it unattractive for practitioners who are more interested in prescriptive
tools. In addition to that, some of the game theory’s basic assumptions are excessively rigid which
may give difficulties in its application to deal with the complexity of real‐life situations (Shubik,
1998).

161

Chapter 8 – Negotiation Processes for Land and Property Development

With the intention of providing a more descriptive, relevant and practical understanding of
specific interactions in real‐life negotiation, Raiffa (1982) has developed an approach for negotiation
analysis by relaxing the strict assumptions of traditional game theory and adopting a novel
perspective from multi‐agent decision making analysis. Raiffa made a distinction between so called
distributive and integrative negotiations. The former is concerned with the division or distribution of
value among the parties involved, while the latter is focused on creating a value by integrating the
parties’ resources (Raiffa, 1982). In this paper, we will focus on the former, since we are concerned
with the distribution of costs in land development processes (see section 4).
In a very basic distributive negotiation and bargaining situation, there are only two players
involved. Let’s assume these players are a seller (S) and a buyer (B). To prepare for the negotiation, S
and B should at least have information about their own reservation price (R). For S, it means the
minimum price he/she could accept; and oppositely for B, it means the maximum price he/she
could afford. Let RS denote the reservation price for S and RB for B, then a negotiation can never
have an agreement if RS > RB. The positive interval between RS and RB expresses the zone of possible
agreement (ZOPA). The essence of distributive bargaining is to divide or distribute the value of ZOPA,
i.e. RB – RS, to both S and B. Suppose S and B are eventually able to reach an agreement at price x,
then x – RS is considered as S’s surplus, which constitutes the payoff for S, and RB – x as B’s surplus,
which constitutes the payoff for B . Fig. 8.1 shows this description in geometrical terms.
ZOPA

S’s surplus

RS

B’s surplus

x

RB

Fig 8.1. The geometry of distributive bargaining (based on Raiffa, 1982)
As rational players37, S and B attempt to apply their strategy to make their own surplus as big
as possible, i.e. the largest payoff. Therefore S tends to push x to the right and, adversely, L tends to
do the opposite. Using a game‐theoretical approach, the equilibrium is calculated by dividing the
value of ZOPA equally to both players.
A fundamental assumption in this model, as also generally of game theory, is that the utility
functions, especially of the player’s payoffs, constitute the relevant information needed to
determine a rational play, and hence the equilibrium of the game. A game in which the players
possess this information is called as the game of complete information. In the negotiation model as
described above, this information is reflected in the value of ZOPA. In real‐life negotiation, however,
players usually do not have this complete information about the value of ZOPA that they have to
divide. A player might only have information about his/her own R but not about his/her opponent’s.
It is also possible that only one player’s R is known to all players while the other player’s is known

37

A rational player is defined as a player who tries to maximize his/her expected utility – in this case, the
player’s share from the bargaining situation.
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only to the respective player. These situations are known correspondingly as the negotiation with
incomplete and asymmetric information. However, even if the players have complete information,
this does not necessarily guarantee that the players will agree upon the equal division of the ZOPA,
because the players’ notion of equal division could be different due to their different notions of
fairness. This might happen because the players have different methods and considerations in
weighing up their payoffs and calculating their profits. In this paper, the negotiation process ‐
between a municipality and a private developer ‐ is analysed by conducting role‐playing negotiation
experiments for incomplete, asymmetric, and complete information.

8.3

The Context:
Netherlands

Land

and

Property

Development

in

the

In order to understand land and property development in the Netherlands, it is useful to give
a brief overview of the Dutch land use planning system and land policy with a focus on the
negotiations that take place between municipalities and land owners. Most of the land use plans in
the Netherlands are statutory and prepared by public administrations, either at the level of the
state, the province, or the municipality, through their planning agencies (Needham, 2007). Those
agencies do not only have a statutory task and responsibility to prepare the plan – which will be
binding by law – but also to execute land use policy for their area.
All levels of public administration in the Netherlands have the power to implement (local)
land use plans. It is the municipality, however, that has the most effect on the way in which land is
used in the Netherlands, because it is the agency that mostly issues a building permit38, which is
considered as the corner stone of spatial planning (Needham, 2007). In this study, we leave aside the
possible influence by the national and/or regional authorities.
Although a building permit implies the power to influence spatial development in a
particular way, it may still be inadequate to achieve the high ambitions for the way in which the
Dutch want their land to be used because it only prevents undesirable developments (not in line
with the land use plan). As a consequence, Dutch municipalities frequently employ a pro‐active
planning approach by actively purchasing all required land to be developed, readjusting the parcels
into building plots suitable for the desired development, servicing the land by providing necessary
infrastructures and utilities, and after that releasing the parcels to builders/developers and occupiers
(van der Krabben & Needham, 2008). This public development model is also used in situations where
the land has already been acquired by private commercial property developers that have an
intention to build houses or any other real‐estate development. Usually the private developers agree
to sell their land to the municipality without trying to make any profit (the selling price is usually very
similar to what the private developer had previously paid for it), but under the condition that they
hold a building claim which gives them a guarantee to have the first right to buy the serviced land
from the municipality. For that reason, this particular land development model is also called the

38

The national and provincial government in the Netherlands possess considerable powers related to land
development. Although the national and provincial government’s approval is not required to implement a
land use plan, they can object the municipality’s plan and issue their own plan for a specific area especially
when the content of the municipality’s plan is not in line with regional or national policy. Moreover, both
the provinces and the municipalities’ income depend very much on the national government.
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‘building claim model’. This model also involves an agreement between the developer and the
municipality regarding the number and type of houses that can be built on the land and the
infrastructure, public utilities and public space that will be provided (at the cost of the municipality).
Sometimes, the municipality and private developer may agree that the building plots that will be
sold to the private developer are located somewhere else in the planned development area (not
exactly the same location where the private developer previously hold its land position). By
participating in the building claim model, the private developer will benefit from a high‐quality
location, ‘provided’ by the municipality, for profitable property development and, at the same time,
excludes competitors from the market (Boelhouwer, 2005). Usually, the above negotiations take
place with respect to very large residential developments (5,000 to even 25,000 houses built on one
location). Various private developers – and also housing associations – may hold land positions here
and also the municipality itself usually has been able to acquire land. Situations in which only one
private developer has acquired all the land on such a location almost never occur. The municipality –
or sometimes a public private partnership (PPP) of the municipality and a private developer – will
negotiate with each of the land holding private developers individually regarding the sale of ‘raw
land’ from the private developer to the municipality and the sale of serviced building plots with the
building claim from the municipality to the same private developer.
In the Netherlands, the practice of this approach has often been praised for its contribution
to the quality of urban structure (Needham, 1997). With this approach, public authorities in the
Netherlands have not only been able to steer land development to achieve the land use as they
desire, according to an integrated urban design plan for the whole area, but it also gives them
financial benefits, more in particular full cost recovery of the public works that were necessary for
the development (van der Krabben & Needham, 2008).
Regardless the arguments in favour of its wide application in the Netherlands, pro‐active
land use planning is not without problems. Among others, Lefcoe (1977) and Buitelaar (2010) have
provided extensive arguments against this approach. First, the financial risks for municipalities are
substantial, particularly when there is a drop in the demand for building land. The municipality may
have acquired all the land and constituted the infrastructure, but private developers might not show
interest in buying the building plots, even though they may hold a building claim. In such situations,
the interest costs of the municipality’s investments may become a real financial burden. A recent
report confirms that the decrease of demand for building land caused by the recent financial and
economic crisis has brought to over three billion Euros loss to all Dutch municipalities in 2010
(Deloitte Real Estate Advisory, 2010). The other problem is the long negotiation processes with
landowner to acquire the land, especially in the case when the landownership is fragmented. This
may also increase financial risks for municipalities. Moreover, problems may also occur for
municipalities because the landowners might consolidate their actions and increase their bargaining
position to refuse selling their land to the municipality. Although municipalities have expropriation
powers, but in these situations they cannot always be used. According to the Dutch law, landowners
who can prove that they can carry out the planned development, have a right to do it and hence
cannot be expropriated. Municipalities can of course decide after all not to buy the land, but in
situations that for instance adjacent land and properties have already been acquired, this decision
could make the earlier acquisitions detrimental.
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The negotiation between the municipality and landowners, particularly those which are also
private commercial property developers, does not only concern the price to be paid for the land to
be purchased by municipality, but also the price of serviced land to be sold back by the municipality
to the land developer (especially in case of a building claim model), the content of the plan and/or
the contribution that the landowner should pay to the municipality to cover the costs of public
infrastructure and utilities. In some cases, the landowners refuse to contribute to the costs of plan‐
related infrastructure and utilities development and become free riders (Needham, 2007). This has
resulted, for some municipalities, in serious problems.
In 2008, the Dutch government has introduced a new Land Development Act as part of a
new spatial planning law, including new regulation for costs recovery of public investments, for
example costs of servicing the land, road infrastructure, public utilities and open spaces. Under this
new regulation, all landowners who take part in the development project can be forced to
contribute to plan‐related public investments. When a municipality fails to reach an agreement with
a landowner, regarding the latter’s contribution to recover public investments, the municipality may
force the landowner to contribute. The document that contains the size of the contribution based on
the financial calculations regarding the costs and returns of the development project is called as
exploitatieplan. The calculation involves the appraisal of the site value, the costs of development,
the estimation of development revenues from selling the serviced land, and allocation of the
contribution of each of the landowners to the development costs. The exploitatieplan must be
approved by the city council. After approval, the plan becomes legally binding and, consequently,
the contribution of each landowner to public investments can be forced by law. Even with the new
law and the exploitatieplan, however, there is still room for negotiation. The landowner and the
municipality may still come to a voluntary agreement regarding the landowner’s contribution to the
costs of the necessary public works, based on the (expected) increased values of its properties,
before the exploitatieplan is issued.
To summarize, related to the public land development model in the Netherlands, and more
specifically the building claim model, the following negotiations between municipalities and
landowners occur:
1. Municipalities, private developers or housing associations negotiate the price of ‘raw
land’ with the original landowners (e.g. farmers), anticipating (and sometimes
speculating) on the future development of the location.
2. The municipality (or: a PPP between municipality and private developer) negotiates with
private developers and/or housing associations holding land positions of raw land, to
acquire the land, while the private developers and/or housing associations will want to
acquire, as part of the same negotiation, a building claim.
3. The municipality (or PPP) negotiates with private developers that hold land positions but
not willing to participate in the building claim model (based on their ‘self realisation
right’), about the type and number of houses to be built on their land and their financial
contribution to the costs of the public works.
4. The municipality (or PPP) negotiates with private developers, housing associations
and/or households, not holding land positions about the selling price of serviced building
plots.

Chapter 8 – Negotiation Processes for Land and Property Development

165

This study focuses on Negotiation type nr. 2., but limited to the negotiations for the price of
the serviced building plots by the municipality to the private developer, because we want to focus
on negotiation with regard to private involvement in public infrastructure provision.

8.4

The Negotiation Experiment

Three different negotiation games have been developed in this experiment: a negotiation
game with incomplete information (NII), asymmetric information (NAI), and complete information
(NCI). For each game, a different hypothetical business case of a residential land development
project was constructed in the context of pro‐active planning. The current land‐use plan does not yet
allow housing, but a political decision has been made to zone the land for residential development in
the near future. Hence, in all three business cases, it is assumed that a private developer has already
acquired land, with the intention to build owner‐occupied houses on it. The municipality has started
negotiations to buy the land from the private developer, in order to prepare and provide it with
necessary infrastructure and utilities as required by the urban design plan. It is also assumed that the
private developer agreed to sell the land to the municipality without trying to make any profit, under
the condition of a building claim. We assume that the municipality and the private developer have
already reached an agreement on the number and type of houses that the private developer is
allowed to build in exact location within the plan and on the public infrastructure and public utilities
that the municipality will put in. The experiment then analyses the negotiation between the
municipality and the private developer regarding the price of the serviced building plot that the
private developer should pay to the municipality, at a certain time in the future when the
development can really start. The design of the experiment will be explained by describing the three
main components of the game: the players, the rules of the game, and the payoffs.
 The players
In total, 42 participants took part in this experiment. All participants are professionals in the
field of land and property development in the Netherlands, working either for private consultancy
companies or local and regional planning authorities. The players were asked to choose either to
play the role of a municipality (M) or a private developer (D), (but there should be an equal number
of players for both roles) then grouped into pairs to simulate negotiations between two opposite
players, i.e. M and D. All assumptions for the games as discussed earlier were explained to them.
 The rules of the game
In this experiment, all players are provided with the necessary financial information
regarding the development project including the respective reservation price which are varied for
each game. The information for M contains the total costs for preparing the land, some ideas about
the potential profitability, and the reservation price which is the minimum selling price to avoid
loss39. Whereas for D, the information contains the total building costs of the houses, the expected

39

We only consider the loss based on the given financial information.
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revenues from selling the houses, some ideas about the profitability and also the reservation price.
Here, the reservation price is the maximum buying price to avoid loss. Residual valuation techniques
(Morley, 2002) are applied to calculate the profitability and reservation price for each player. For the
sake of the experiment, the reservation price for M and D in the three games were defined in such a
way that a ZOPA will be available for the negotiation. It should be noted that in this experiment, the
players are assumed to concern only about the selling price of the serviced building plots and its
influence to their profit, which is constrained by the financial information given to them.
The availability of the financial information will be treated differently in each game. In NII,
each player will only be provided with the financial information according to his/her role.
Afterwards, in NAI, D will be provided with both its own financial information and also M’s financial
information, but M will only have its own financial information, being aware that D also knows. In
NCI, all players will be provided with the financial information of both M and D and it is common
knowledge to them.
Each game is played repeatedly in three rounds. Hence, in total, each player will have to
make nine negotiations. After each round, the player who plays D in a group is randomly switched
with another D from another group. In this way, all M’s in all groups will make a negotiation with a
different D from round to round.
In all rounds, any player in a group may start the negotiation by offering the most preferred
price to his/her interest. After a player makes an offer, his/her opponent can accept or reject it. If
the offer is accepted, it means that the agreement is reached. If not, the other player has to make a
new offer, and so on. In the negotiation, all players are allowed to communicate with his/her
opponent. There is a time limit of eight minutes to the negotiation in each round. If within this time
limit the players in a group cannot reach an agreement, they both will get nothing, i.e. the profit for
both will be zero. All players have to record every offer and counter offer they make in the
negotiation and also the final agreement, if there is any.
 The payoffs
The payoffs are calculated based on the profits that each player gets from an agreement. For
M, the profit is simply the difference between the agreed final price from the negotiation and the
total costs for acquiring and servicing the land. A higher final price from the negotiation will
obviously make a higher profit for M. Meanwhile, for D, the profit is calculated by subtracting the
total costs (building costs plus the price to acquire the building plots from M) from the expected
revenues (by selling the houses). For D a higher final price from the negotiation will decrease D’s
profit. The proportion of the profit in relation to the total costs for each player may then constitute
the player’s utility (π)40.
For further analysis, we calculated the equilibrium of each game. As explained before, the
equilibrium can be calculated by dividing the value of ZOPA equally to both players, hence by simply
subtracting D’s reservation price (RD) with M’s reservation price (RM). We called the final price for
this equilibrium the price for equal value (PV). However, since both M and D have different ways to

40

In the residual valuation method that is used in the financial appraisal of development project (including in
the exploitatieplan), the residual profit usually expressed as a percentage of the total development costs.
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calculate their profit, PV will not necessarily yield an equal utility for both players, which make this
equilibrium unreliable. Therefore, we also calculated the equilibrium price based on equal utility
(PU), and use it for this experiment. The summary of the player’s reservation prices, the equilibriums
and the utility (πM for M and πD for D) for each game are given in Table 8.1.
Table 8.1 Summary of players’ reservation prices, equilibriums, and utilities in each game
NII

NCI

260

240

280

RD

350

300

320

PV
πM in PV
πD in PV
PU
πM and πD in PU

8.5

NAI

RM

305

270

300

17.3%
5.5%
282.24
0.086

12.5%
8.1%
257.61
0.073

7.1%
3.5%
293.13
0.047

The Results of the Experiment

As mentioned above, each negotiation game is played in three rounds with different pairs of
players. With 21 pairs of players to perform a separate negotiation in each round, there are 63
results of negotiations in total for each game. In order to give a general description of the results of
the negotiation experiment, we focused on four questions:
1. How many negotiations end up with no deal or no agreement?
2. How much is a player put as his/her opening offer?
3. In the case of a negotiation with an agreement, how many offers and counter‐offers, or
negotiation stages, taken by the players to reach that agreement?
4. What is the agreed final price of the serviced building plots?
The answers to these four questions may reflect the key aspects that can explain the nuts
and bolts of a negotiation, hence may give us a better understanding of the negotiation process.
 Question 1: No Deal Frequency
Fig. 8.2 displays the percentage of no deal events in each game. It shows that the number of
no deal is decreasing from game 1 to game 3. In the first game (NII), 28.6% of all negotiations ended
up with disagreement. In the second game (NAI), the number of negotiations with no deal has
decreased to 17.5%. Finally, in game 3 (NCI) the no deal events have been further reduced to only
9,5%.
These results confirm that the availability of information, especially about the ZOPA, plays an
important role in the negotiation process between a municipality and a private developer to reach
an agreement. The more information is available to the players, the more likely they will arrive at an
agreement. Assuming that the players behave rationally, the availability of information can be seen
as a factor that influences the players’ subjective beliefs concerning what agreements are likely to be
acceptable to them and their opponents. The results as illustrated in Fig. 2 may therefore confirm
that the behaviour of players in this experiment is consistent with rational behaviour.
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Fig 8.2 No Deal Events (%)
 Question 2: Opening offer
The observation of this aspect attempts to capture the general picture of the players’ first
preference and expectation about the final price in the negotiation experiment. Since the financial
information for the three games varies, the observation also included the utility produced by the
opening offer to make the results relatively comparable. The frequency of each player making the
opening offer was also observed. The results of the observation are presented in Table 8.2.
Table 8.2 Results of observation on the opening offers
Municipality

With
agreement
Without
Agreement
Total

Private
Developer

With
agreement
Without
Agreement
Total

Frequency
Average opening offer price
Average utility of the opening offer
Frequency
Average opening offer price
Average utility of the opening offer
Frequency
Average opening offer price
Average utility of the opening offer
Frequency
Average opening offer price
Average utility of the opening offer
Frequency
Average opening offer price
Average utility of the opening offer
Frequency
Average opening offer price
Average utility of the opening offer

NII
25
319.36
0.228
15
351.00
0.350
40
331.22
0.274
20
216.00
0.185
3
206.67
0.200
23
214.00
0.187

NAI
21
278.71
0.161
3
340.00
0.417
24
286.38
0.193
31
227.84
0.132
8
194.75
0.205
39
221.05
0.146

NCI
20
299.80
0.071
2
317.50
0.134
22
301.41
0.076
37
260.0
0.074
4
213.17
0.111
41
277.01
0.077

In NII we found that in 40 negotiations the opening offer was made by M, while in 23
negotiations the opening offers made by D. From all M’s opening offers, 37.5% of them ended up
with disagreement, while 13% of D’s opening offers did the same. In NAI, M made only 24 opening
offers, 12.5% of them ended up with disagreement. From 39 opening offers made by D in NAI, 20.5%
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ended up with disagreement. Finally in NCI, 22 opening offers made by M, with only 9.1% resulted in
disagreement, while from 41 opening offers that were made by D, 9.7% has no agreement.
Concerning the utility produced by the opening offer, generally the results show a decline of
the initial expected utility of both players from game 1 to game 3. This finding is interesting because
we would expect in NAI that D might aim at a higher profit, i.e. the utility, than in NII, since the
corresponding players know that they have an advantage of more information than M. The other
interesting results regarding this aspect concern the players’ total average of the opening offers
compared with the average opening offers that ended up with and without agreement. In all the
three games, the successful negotiations show average opening offers lower than the total average.
The failed negotiations show average opening offers exceeding the total average. These results
demonstrate that when a player is too ambitious in setting up his/her first preference or expectation
about the final price in the negotiation, most likely the negotiation will end up with failure.
However, we should be careful with drawing any general conclusions from analysing the
opening offers, particularly in this experiment. First, regarding the frequency of a player making an
opening offer, we cannot simply expect that the frequency will be relatively equal for M and D in NII
and NCI, only because all players have equal information in those games. The same goes for game 2,
although we found in the experiment that the player with better information more often makes an
opening offer than his/her opponent, there are no decisive advantages nor disadvantages for a
player to make an opening offer. Additionally, any opening offer may be accepted or refused, and
even though it was refused, the negotiation still may go on and both players can still make a
successful negotiation. Secondly, regarding the price that a player puts in the opening offer, the
player might be inclined to make a very high or low offer, just because it is possible for him/her to do
so, without perhaps taking into account whether the information is common knowledge or not when
preparing the opening offer. However, as mentioned above, one thing that is confirmed by the
experiment is that the less ambitious the players are in making an opening offer, the more plausible
it is for them to reach an agreement.
 Question 3: Number of negotiation stages
By observing the number of stages made by the players to reach an agreement, we might
get an idea about the efficiency of the negotiation by presuming that the lesser the stages the more
efficient is the negotiation. Fig. 8.3 shows the average stages to reach an agreement for all three
games in the experiment. It illustrates a clear tendency that the average numbers of stages declines
from game 1 to game 3, though the differences are rather small, especially between NII and NAI.
These results may confirm that the availability of information to the players increases the efficiency
of a negotiation.
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Fig 8.3 The average negotiation stages in each game
 Question 4 and 5: Final Price
Fig. 8.4, 8.5 and 8.6 display for respectively game 1 to game 3, the average values of the
agreed final price in each round. Evidently, in all games, the agreed final prices in average increase
from round to round with a tendency to getting closer to the equilibrium. These results are quite
interesting. We might expect a tendency towards an equilibrium in NCI, because all player have full
financial information, but not necessarily in NII and NAI. We might also expect that in NAI, the player
that has more information than its opponent would take advantage by maximizing his/her own
profit. The results in Fig. 5 show, however, that this does not happen. The reason for this may be
related to the context of the negotiation. Ds might not only look for the highest profit possible for
them in the present game, but prefer to build a good relation with Ms and accept reduced profits, to
be able to gain profits from forthcoming games. In other words, they act carefully, not willing to
jeopardize their credibility, which is very important for their business in the future.
283
PU = 282.24

282

Price

281
280
279
278

Round 2:
Round 1: 277.75
277.37

Round 3:
278.18
Final Price
Equilibrium

277

Fig 4. The Average of Agreed Price in NII
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Conclusion

This paper highlights the negotiations that often take place between municipalities and
commercial property developers in land and property development projects, particularly within the
Dutch institutional context. The observation was made through a role‐playing experiment which
enables to construct a situation resembling – to a certain extent – real‐life negotiation processes.
The experimental analysis allows us to observe the effect of information to the negotiation in more
general approach. A number of important aspects of the outcomes were analysed, to get useful
insights into stakeholders’ behaviour in the negotiation processes. This experiment has also allowed
us to examine stakeholders’ decision‐making behaviour in negotiations when there are no third
party intervention which reflect situations where the negotiation takes place voluntarily and
spontaneously. By allowing the participants to have a face‐to‐face communication during the
negotiation, this experiment may convey information about the emotions of the participants rather
than about the main issue they try to negotiate. These situations may cause that actors’
spontaneous actions in the negotiation may not lead to rational outcomes, which in this experiment
is abridged into the concept of equilibrium. Many have also argued that people do not behave
rationally because they have cognitive limitations and moral constraints (Argyle, 1969). In fact, no
one should expects them to be rational. Although this experiment is not focusing on the analysis
about the effect of the face‐to‐face communication on the process and also the outcome of the
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negotiation, nevertheless, this study confirms that in general, the stakeholders do tend to move in
the ‘right’ directions toward the equilibrium. The results of this experiment also confirm that the
availability of information to all players, especially regarding financial conditions, plays an important
role in order to have successful negotiations and obtain a better outcome (closer to equilibrium). At
this point, this study might contribute to the results of previous studies on negotiation in land and
property development processes, particularly regarding public infrastructure provision, including the
works presented in the 1997 Urban Studies special issue. Those studies mainly involved research
based on case studies to analyse the situation. Our research adds an alternative methodological
perspective to those studies by analysing negotiation processes as a more generic mechanism of
bargaining.
Nevertheless, we are fully aware that this study has limitations. For instance, in this
experiment, there is no penalty when the players fail to reach an agreement, except that the players
will receive no profit. In real–life negotiations other arguments may be involved as well related to
the willingness to reach an agreement. Moreover, here delays in making an agreement do not lead
to negative financial results neither does the opposite, speeding up the process of negotiations does
not give any extra benefit. In real‐life negotiations, time may be expected to be a much more
important factor. These and other issues, influencing the outcome of negotiation processes, will be
examined in future research.
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CONCLUSIONS and SUMMARY

9 CONCLUSIONS

9.1

Introduction

The aim of this thesis is to increase our understanding of the strategic behaviour and
decision‐making process of stakeholders in land and property development. The Netherlands served
as a case study, particularly in public infrastructure provisions via value capturing. This topic is
important, as there seems to be an increasing number of conflicts of interest among stakeholders.
Society is continuously changing, and people’s behaviour is increasingly varying, which eventually
results in an increasing diversity of people’s opinions and preferences. These diversities have been
characterised by the conflicting interests and goals of the stakeholders, as well as by the
interdependency among stakeholders. In many cases, a stakeholder in a location development
project does not have complete control over the variables that determine the outcome of the
related planning and decision‐making process. This process is shared among other stakeholders who
might not necessarily agree with his/her preferences. As a result, the decision‐making process in
land and property development has become increasingly complicated. Nowadays, this complexity is
one of the more pressing issues in urban planning.
Many studies have indicated that a clear understanding of the nature of this complexity
constitutes the basis for actions designed to have a successful development process. In this thesis, a
modelling approach was developed in order to explain the strategic behaviour of the involved
actors. Among the wide variety of modelling approaches that can be found in the literature, we
opted to use the game‐theoretical approach because—with its rigorous methods—it has the
advantage of formalising the expression of a conflicting and interdependent decision‐making
situation between several actors. This formalisation step is considered important for drawing more
generic conclusions regarding the mechanisms that influence this decision‐making process.
However, because of their abstract nature, game‐theoretical models have certain limitations when
applied to real‐world situations. Therefore, from a methodological point of view, this study also
attempts to explore both the usefulness and the weakness of this method in analysing the behaviour
of stakeholders in decision‐making processes related to public infrastructure provision in land and
property development.
The following research objectives were formulated to guide the analysis presented in this
study:
177
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1. To observe the structure of land and property development processes from a game‐
theoretical perspective;
2. To explore the advantages and disadvantages of various game‐theoretical models in
analysing public infrastructure provision in land and property development processes;
3. To analyse the strategic and operational responses of stakeholders involved in land and
property development and to predict the outcomes of stakeholders’ decision‐making
processes using a game‐theoretical approach; and
4. To identify the most relevant mechanisms in the decision‐making process that are related
to a public infrastructure provision in land and property development.
To achieve these objectives, this study has been composed as a compilation of research
papers that are included as various chapters in this thesis. Chapters 1 and 2 frame the general game‐
theoretical analyses and methods presented in Chapters 3 through 8, explaining the basic
demarcations of the objectives and the choices for the game‐theoretical approach. The papers
included in Chapters 3 through 8 address various applications of game theory in an attempt to
analyse—using various assumptions—different aspects or situations related to decision‐making
processes in land and property development, with particular consideration of public infrastructure
provision. This final chapter conclude the study with a summary of the principal results of this series
of analyses as provided in section 9.2. and some reflections regarding those results as provided in
section 9.3 .

9.2

Summary of results

This section summarises the results of the papers included in Chapters 3 through 8. The first
objective is reached primarily by the analysis provided in Chapter 3, and the second, third and fourth
research objectives are reached by the analyses in all six chapters—including Chapter 3—through a
demonstration of various game‐theoretical models. The results can be summarised as follows.
In Chapter 3, an analysis was performed to structure the land and property development
process in the Netherlands in order to identify the strategic decisions that underlie this process. This
analysis was performed by focusing on a typical residential greenfield development. A game‐
theoretical approach in extensive form was utilised in this analysis because it has the advantage of
structuring the process in a sequential way, including all options or strategies that are available to all
stakeholders in the sequence and the payoffs from all possible outcomes for the stakeholders. The
concept of this game approach includes a method for selecting the strategic equilibrium or a
decision‐making process in which all stakeholders receive the best possible outcome.
Given the theoretical illustration that was used in Chapter 3, the analysis revealed that the
public land development process in the Netherlands—which is based on a pro‐active land
development policy—is the equilibrium, i.e. the best strategic decision that can be expected from the
land development process (although with this strategy, none of the stakeholders will receive the
maximum available payoff). This result provides an understanding that the relational structure of
stakeholders—particularly with respect to the sequence of reactions or responses in making
decisions—has a significant influence on the stakeholders’ strategic decisions. The results also
suggest that the optimum payoff cannot always be achieved in cases in which the stakeholders’
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decisions are interdependent. The results of the analysis in Chapter 3, which is based on a model
with strict but generic theoretical assumptions, depend highly on the specific conditions that are
assumed in the context of the application. This suggests that the resulting model can be practically
applied in a variety of cases, as it paints a generic picture of decision‐making processes in land and
property development (particularly in residential greenfield development).
Despite its advantages, as used in this approach, a game tree model has some limitations.
Not surprisingly, most of those limitations are related to criticisms of game theory and quantitative
analyses in general. In addition to these criticisms, one limitation that is specific to this modelling
approach is related to the path dependency of the tree. In the model presented in Chapter 3, the
municipality is assumed to initiate the tree or make the decision at the initial node. It is possible,
however, to have another stakeholder at the beginning, which will likely lead to a different outcome
and/or equilibrium.
Whereas the analysis in Chapter 3 was focused on the relational structure of decision‐
making in land and property development processes in general, the analysis in Chapter 4 progressed
to observing the collective action in land development processes specifically with respect to value
capturing. The goal of this analysis was to observe the conditions under which value capturing may
be feasible, given a situation in which each of the involved stakeholders is primarily focused on
achieving his/her maximum profit. By employing a non‐cooperation game‐theoretical approach in
strategy form, the analysis focused on the stakeholders’ strategic behaviour with respect to value
capturing. Here, value capturing is conceptualised as simply the process of making a social contract
in order to achieve the optimum allocation of incremental value that results from a public
investment. The focus was restricted to the process between a public authority (e.g. a municipality)
as the infrastructure provider and a landowner (or two identical landowners in order to show a basic
n‐player game) who is also a private developer as the increment value receiver. In this process, the
following two strategies are available to the municipality: to build or not to build the infrastructure.
The infrastructure is assumed to increase the value of the private developer’s land and property by a
certain rate. Given this consideration, the private developer also has two options: to contribute or
not to contribute the increment value he/she receives to the infrastructure development. Value
capturing is implemented if and only if the private developer (or in an n‐player game, all private
developers) agrees to give this increment value to the municipality when the municipality chooses to
build the infrastructure, reflecting the {contribute, build} strategy. From the analysis, it follows that
value capturing cannot emerge naturally as the optimum equilibrium or the single dominant strategy
for the stakeholders. Only by imposing an “intervention” to manipulate the payoff structure—
especially by imposing a penalty or fine on the private developer when the developer chooses not to
contribute (and when, at the same time, the amount of the fine is added as a benefit to the
municipality)—can value capturing be expected to emerge as the natural single dominant strategy.
Our analysis revealed how this approach can be useful in improving our understanding of
how and why implementing value capturing as a collective decision‐making process can be
problematic. The models offer a useful method for conceptualising relationships between different
stakeholders and can suggest the best possible strategy for all stakeholders. As shown in Chapter 4,
this approach makes it possible to determine the minimum penalty that would shift the equilibrium
in favour of value capturing. Nevertheless, problems have been recognised with respect to non‐
cooperation game‐theoretical approaches; these problems arise from the approach’s strict
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assumptions, which have generally been the subject of criticism against game‐theory. Moreover, in
this approach each stakeholder is assumed to selfishly compete with the other stakeholders in a
static setting and therefore independently decide whether to contribute to value capturing. Given
these limitations, this approach is unable to account for issues such as the formation of a coalition in
the implementation of value capturing, particularly when more than two stakeholders are involved.
In order to analyse a situation in which stakeholders are able to make a collaborative
decision by cooperation (or by forming a coalition in the case of value capturing), cooperative game
theory—more specifically, with the characteristic function form—is applied in Chapter 5. In this
analysis, the players involved included a public authority as the infrastructure provider and two
separate yet identical private property developers as the landowners. In this context, value
capturing reflects the negotiation situation among stakeholders with respect to how they will divide
the increment land and property value when they form a coalition or joint venture. The analysis
revealed that the amount of increment value that can be captured from the negotiation process will
vary depending on the situations in which the stakeholders can form a coalition. In this game‐
theoretical approach, the specific nature of these situations determines the bargaining power of
each stakeholder. For example, when an infrastructure can be built only when all stakeholders
contribute and the private developers are highly dependent on the availability of the infrastructure,
clearly the infrastructure provider (i.e. the public authority) has the strongest bargaining power. In
this situation, the public authority can capture more than the increment value that was created
through the infrastructure development. In contrast, when the private developers can continue
running their businesses without the infrastructure (even though the construction of the
infrastructure will increase the value of their properties), the public authority can only capture less
than—or even none of—the increased value it will create by developing the infrastructure. The
result of the analysis using this approach reveals that an attempt to fully capture all of the increment
value may lead to a sub‐optimal outcome. Such an attempt to impose a “public intervention” —for
example in the form of a statutory regulation for value capturing—without an assessment of the
unique context of the project (in particular, the structure of interdependency among the
stakeholders involved) would likely face strong opposition, and more importantly, it could also
create inefficiency due to the sub‐optimal allocation of resources.
Regardless of the advantage of cooperative game theory in characteristic form, this
approach cannot deal with the free‐rider problem, which can occur in the context of a value
capturing approach and jeopardise the bargaining process. Therefore, Chapter 6 provides an in‐
depth analysis of this problem using models derived from the cooperative game in partition function
form. This analysis conveniently provides results that can be compared with the results presented in
Chapter 5. When the availability of the infrastructure is extremely important to private developers,
the free‐rider problem can be avoided, as it will give the infrastructure provider more bargaining
power to force the private developers to contribute and avoid them to become free‐riders.
Conversely, when the private property developers are not highly dependent on the infrastructure,
they cannot be expected to enter a coalition with the public authority in order to construct the
infrastructure. These results were subsequently validated and confirmed using an experimental
simulation with real players who played the role of stakeholders in value capturing as described in
the modelling exercises.
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The use of various game‐theoretical models in Chapters 3 through 6 provided us with in‐
depth insight into the advantages and disadvantages of these specific modelling approaches in
analysing public infrastructure provision in land and property development processes, particularly
with respect to value capturing. In particular, these insights helped us achieve the second research
objective of this study. Furthermore, the results of the analyses provide a better understanding of
how a stakeholder may be expected to make strategic decisions in response to other stakeholders’
strategies. This improved understanding contributed to reaching the third objective of this study.
Relevant to the fourth objective, the game‐theoretical modelling and the experiment revealed that
bargaining and negotiation can be useful mechanisms in reaching an agreement with respect to the
efficient and fair allocation of the increment land and property value. As demonstrated in the
models as well as in the experiments, the results of the analyses yielded unique insight into the most
optimal outcomes, both individually and collectively, given the specific structure of interdependence
among stakeholders. The results also indicate that attempting to fully capture all of the increment
value may lead to a sub‐optimal outcome. Therefore, the outcomes of the models might also
support the argument that public authorities do not necessarily need to have statutory power for
value capturing with respect to public infrastructure provision; rather, the public authorities might
have a better outcome if they shift their focus to improve their bargaining power by creating a
situation in which they bargain with private parties who depend—at least in part—on the
development of the particular public infrastructure.
Although the aforementioned results revealed the stakeholders’ decision‐making behaviour
in land and property development processes, they focus specifically on the outcome of the process
and are concerned only with the assumption of rational individual behaviour. In a real‐life situation,
the negotiation process itself can be muddied and obscure. The analyses provided in Chapters 7 and
8 attempt to take a closer look at stakeholders’ strategic behaviour in the negotiation between
public authorities and the private sector in the case of public infrastructure provision. Some key
aspects were observed that can explain the nuts‐and‐bolts of a negotiation. These key aspects are
related to the issue of uncertainty (particularly with respect to the availability of information related
to stakeholders’ financial situations and the effect of that information on the likelihood of reaching
an agreement), the efficiency (in terms of times) of reaching an agreement, and the fairness of the
negotiation outcome. The analysis was based on negotiation experiments with real players who are
familiar with land and property development in the Netherlands in order to understand the nuances
of the process using real‐life experiences. From a game‐theoretical perspective, a theoretical
equilibrium of the negotiation can be determined. The analysis focused on addressing whether the
actual result of the negotiation experiments is close to the equilibrium and how this outcome can be
explained. The negotiation experiments were performed in two ways. Chapter 7 describes the first
experiment, in which the two opposing stakeholders in the negotiation were connected
anonymously through a computer interface. The stakeholders in this experiment were unable to
communicate with each other, thereby minimising the effect of external factors—including personal
persuasion, intimidation, and any other external issues—on the outcome of the negotiation. This
experiment yielded interesting results, revealing that the more information (of the stakeholders’
financial situation) is available to the negotiators, it is the more difficult for them to reach an
agreement particularly due to restricted communication. Apparently, when armed with a full set of
information regarding their opponents’ financial situation, stakeholders were able to learn that their
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opponents asked “too much”, and their typical response was to punish their opponents by
increasing their bids as well, considering this to be a response, even though this response might
jeopardise the negotiation process. Because the stakeholders were isolated from each other, and
because communication between the negotiators was not possible, they were unable to express
their good intentions or assess whether their opponent had good intentions, thereby making it
difficult for the negotiators to trust each other.
Chapter 8 reports the second series of experiments regarding direct bilateral negotiation, in
which the stakeholders were allowed to communicate with each other while engaged in face‐to‐face
negotiations. Similar to the previous experiment, the effect of the availability of information—
particularly with respect to the stakeholders’ financial situation—on the outcome of negotiation is
observed. Unlike the results of the first experiment, here stakeholders were apparently able to reach
an agreement more easily when more information was available. Central to this result is the ability
of stakeholders to communicate freely with their opponents in order to express themselves openly
and communicate both their intentions and their preferences to their opponents.
Comparing the results of the two experiments in Chapters 7 and 8 revealed that essentially
all stakeholders tend to look for a fair outcome in the negotiation, which is defined in the study as
the equilibrium. These results confirm that both public authorities and the private sector frequently
have a mutual interest in reaching an agreement with respect to planned developments, including
private sector contributions to public infrastructure provision.

9.3

Reflections

Based on the results of this study, some reflections can be made—from both a theoretical
and practical perspective—regarding some of the important issues in planning and land and
property development that were presented as the background for this study. These issues include
the topics of complexity, institutions, and public infrastructure financing. Because several different
game‐theoretical modelling approaches were developed in this study (in particular, to explain the
strategic behaviour of the actors involved), the contribution of this study to game‐theoretical
methods will be addressed as well.

9.3.1 Theoretical Reflections
Concerning complexity
As defined previously in this thesis, complexity can be interpreted as a twisted and
convoluted situation in which a variety of different components are both interrelated and generate
conflicts of interest. In this thesis, the issue of complexity was brought down to the particular subject
of complex decision‐making processes among stakeholders. The primary objective of any study
regarding complexity is to understand the complex situation and reveal the underlying order. As
many have argued, the complexity of a system that is focused on collective decision‐making
processes and actions is directly related on the specification of interdependent strategies that
emerge from the elementary behaviours of different stakeholders. To apply a more theoretical
approach to this observation, Von Neumann and Morgenstern (1944) initiated the approach that is
known today as the theory of games and economics (i.e. game theory), which we used in this study.
Although the nature of this approach is based upon a quantitative model and has been regarded by
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some scholars to be heavily restricted and deterministic, it can provide an explanation of the basic
patterns of human interactions in interdependent and conflicting situations. As argued by Elster
(1982) and confirmed in this thesis, game theory can provide a better understanding of the micro‐
structure of collective decision‐making processes. Nevertheless, as a formal model, game theory has
serious limitations to show the relationships of all of the factors and issues that contribute to and
influence the level of complexity in a decision‐making process. For example, factors such as political
beliefs and powers, different cultures and institutions, the gender mix, and time pressure are not
easily accounted for in this approach. Moreover, because game theory deals primarily with dynamics
in the micro‐structure of decision‐making processes by focusing on the level of individual behaviour,
additional research approaches are needed to reveal how the simple structures of stakeholders’
interaction can influence the behaviour of the macro‐system, resulting in patterns of urban
development, urban mobility, and social activities (to name a few examples). Consequently, in terms
of future research, it is important to analyse larger micro‐ and macro‐systems with the aim of
empirically tracing the roles that specific factors and issues play and their impact on both
relationships between stakeholders within these systems and on the performance of these systems.
More qualitative research methods—such as case analyses, group model building and in‐depth
interviews—might be used in such analyses. However, merely tracing mechanisms and being
satisfied with simply describing the factors and issues will not be sufficient; to truly understanding
their dynamics and irregularities, a step towards formal modelling—for example, using cellular
automata and agent‐based modelling—will also be essential.
Concerning institutions
This thesis highlights the conflict between public authorities and private developers in land
and property development in the case of public infrastructure provision. According to institutional
theory, an institution will emerge from conflicting situations as a device that provides structure or
order to reduce uncertainty by giving all of the agents in a given situation an idea of the type of
behaviour that they can expect from each other. Consequently, the agents will act upon this
expectation in order to avoid or manage this uncertain conflicting situation in the future. As
mentioned previously, one approach in the new wave of institutional economic developments
focuses on understanding and establishing basic conditions—and hence institutions—for human
interactions to overcome social conflicts by reaching an efficient transactional agreement. This
approach is directly related to the work of Coase and his theorem (1960). One of the most important
corollaries of this theorem states that if there are no costs involved in making a transaction (which is
nearly impossible in a real‐life situation), the outcome of the transaction through the bargaining
process will be efficient. With respect to urban planning, this corollary provides a compelling
argument to attempt to make transaction costs in planning processes as low as possible in order to
create an efficient spatial outcome. Using the concept of equilibrium in game theory can reveal that
this corollary of the Coase Theorem may not necessarily hold true, as it is still possible to have a sub‐
optimal and/or inefficient outcome even when no transaction costs are involved in the bargaining
process. Consequently, any attempt that focuses solely on reducing transaction costs in planning
processes might not be sufficient to create an optimum and/or efficient result. The use of game‐
theoretical approaches and insights into the equilibrium concepts can be a valuable supplement to
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this attempt, particularly for unravelling the structure of stakeholder conflicts and transactions and
to identify what can rationally be expected in such situations.
Moreover, following the discussion of institutional economics in the tradition of the Austrian
school of thought (Hayek, 1960; Schotter, 1981; Aoki, 2001), this study provides an enriching
perspective on the notion of institutions. By building upon the equilibrium concept, an institution
can now be perceived not only as an intervention for managing social interactions, but also as a
condition that can evolve among free individuals in a non‐coercive fashion (or at least in a manner
that is consistent with individual liberties and can be viewed as an original state of nature). From this
perspective, the emerging institutional form will be an endogenous variable in the analytical model.
Future institutional analyses can then focus on the unplanned or subconscious interaction of social
agents in order to investigate the spontaneous or unintended social institutions, which will be useful
for expanding the current analytical narratives in order to better understand social phenomena.
As argued previously with respect to understanding complexity, it is difficult to fully capture
the true social phenomena using the relatively rigid and formal game‐theoretical modelling
approach. The equilibrium concepts of game theory may well be used to answer the question “What
would be the normatively best solution?” However, in contrast, the question “How can we achieve
that solution?” cannot be answered using this modelling approach. Moreover, the equilibrium can
also be considered static in nature, which can be useful for explaining the logic of a self‐enforcing
social order at a given time; however, it cannot explain the process of institutional change over time.
Of course, although it is possible to repeat the developed games during a certain period and observe
the change in equilibrium within that period, but this attempt still would not reveal the evolution of
human preferences, belief systems, and adaptation to change and uncertainty. Some issues—
including learning processes, moral rules, and trust—might play essential roles in this evolution.
Based on these considerations, it is important to further examine the origins and the contexts of
players’ intentionality and the sources of their decision‐making behaviour. These types of studies
can follow and combine the traditions of institutional studies such as historical institutional
approaches (to investigate the change in contexts and their influences on players’ decisions over
time) and sociological institutional approaches (to observe the cultural norms that shape and create
the meanings of certain phenomena to the players). Another viable option is to focus on institutional
design in order to analyse the most suitable form of governance to be applied, given a specific legal
and bureaucratic system.
Concerning public infrastructure financing mechanisms
The results of this study will add to the discussion regarding the future of financing methods
for public infrastructure development, particularly with respect to value capturing. Here, we argue
that value capturing should be based on an acceptable negotiation result that can be investigated
using the concept of equilibrium in game theory. In doing so, more optimal results of value capturing
can be expected. The results of the game‐theoretical modelling and its equilibrium analyses in this
study provide a basic notion regarding whether an agreement with respect to value capturing can be
achieved naturally and whether that agreement can produce an optimal outcome. When these
conditions are met, no public enforcement is needed to arrive at that agreement; when they are not
met, it will at least provide an idea of the conditions that must be created in order for the
stakeholders to reach such an agreement.

Chapter 9 – Conclusions

185

Although this study has yielded some interesting suggestions, our discussion of public
infrastructure financing is focused solely on finding an additional funding resource, particularly with
respect to value capturing. Evidently, meeting the demands for infrastructure due to rapid
urbanisation and the increase in development costs—along with the shrinking of opportunities to
obtain long‐term loans (even for well‐rated public entities)—is becoming increasing difficult.
Consequently, any discussion of public infrastructure financing should include combining several
attempts to improve the efficiency of public sector management while maintaining a satisfactory
level of investment in public infrastructure. These attempts can include programs to increase the
productivity and efficiency of transport infrastructure facilities through technological innovations
aimed at improving capacity and throughput, which will reduce the unit costs of the infrastructure
facilities. Alternatively, attempts can be made to decrease the basic demand for new infrastructure
facilities, for example by promoting transit‐oriented development (TOD) along public transport
facilities.
It should be noted, however, that the decision to finance public infrastructure development
is not based solely upon the economic profitability for all stakeholders involved (as was assumed in
the context of the analyses in this study). More often, in real‐life situations these decisions are also
based upon political considerations. Politics—at both the local/regional and national levels—can
directly shape public space and collective actions. Therefore, we again stress that a more in‐depth
understanding than this study can provide regarding the role of politics in shaping society and the
relationship between politics and economic and social variables is clearly important.
Concerning the game‐theoretical approach
In general, this study does not provide an essential contribution to game theory. Most of the
game‐theoretical approaches that are employed in this study are well‐known, and their applications
have been well‐studied in many different fields. In this respect, this study can only serve as an
extension of that long list. However, as mentioned earlier in this thesis, studies in the literature often
acknowledge that a game‐theoretical approach to land and property analysis is generally lacking
(Ball et al., 1998). Thus, in this respect, this study can provide a somewhat meaningful contribution.
Moreover, although several studies have used more advanced game‐theoretical models (and the
number of such studies is growing), further applications of the traditional models with
experimentation in various fields of study are still pretty much needed. This need has arisen because
many critics of game theory have argued that the approach is based too heavily on theorising with
regard to how rational people would interact strategically, whereas there is a compelling general
need for more empirical evidence suggesting how do they actually do interact in practise.
Experiments that use game‐theoretical models—for example, this study—may reveal how accurately
or inaccurately game‐theoretical principles can predict stakeholders’ behaviour in a given situation.
These findings can serve as the basis for further promoting the dialogue between theory and
empirical observations of human strategic behaviour. In fact, recent developments in game theory
have attempted to incorporate more behavioural aspects, including psychological intuition, bounded
rationality, and cognitive bias, which then form what is currently known as the evolutionary or
behavioural game‐theoretical approach. These developments can be linked to several approaches,
including the cognitive hierarchy model, the quantal response equilibrium, and the learning theory.
Therefore, in using these approaches, the next generation of game‐theoretical models for analysing
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land and property development is expected to advance beyond the standard concepts of game‐
theoretical modelling and equilibrium.

9.3.2 Practical Reflections
A final unavoidable question is how relevant this study is to planning in practise and to what
extent the results can be applied directly to meaningful empirical cases. As argued in Chapter 1, the
primary aim of this research is not to change the practise of land and property development
processes and public infrastructure provision, but rather to offer an alternate view of these
processes based on the prevailing existing theoretical paradigm. Although these results may not be
directly applicable to the real world as it stands today, they may broaden the framework of empirical
analyses regarding these real‐world processes. In using a game‐theoretical approach, this study
offers an explanation of stakeholders’ interactions with respect to the issue of public infrastructure
provision in land and property development, which is complementary to findings obtained using
more qualitative methods of analyses, including case studies and interviews. This study sheds new
light on how stakeholders attempt to consider their opponents’ interests and pursue a fair outcome,
while at the same time also attempting to maximise their own profits. This study also revealed that
even when the situation for a negotiation is less restricted than was formalised in basic game‐
theoretical modelling, we can still expect that the stakeholders will behave rationally and will
therefore tend to reach an equilibrium.
Moreover, the problems with respect to the issue of complexity that were analysed in this
study are genuine, although only a small fraction of complexity was illustrated. Conflicts between
public authorities and private developers in land and property development processes are indeed an
important concern in the Netherlands as well as in many other places around the globe. To obtain a
better understanding of this problem from the perspective of both equilibrium and intervention is
considered to be valuable to decision‐makers in order to achieve a successful land and property
development project. This understanding will almost definitely be helpful in improving policies
designed to deal with the problem of financing public infrastructure development.
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SUMMARY

Chapter One ‐ Introduction: Complexity, Institutions and Game Theory
An analysis that can increase our understanding of the complexity of land and property
development—particularly with respect to the interaction between stakeholders in decision‐making
processes—is clearly important. In this respect, institutional economics approaches are a potentially
significant analytical framework, as they can be useful devices for explaining how urban
development processes evolve as a result of interactions between multiple interrelated actors that
are materialised in—and affected by—the institutions that surround planning and decision‐making.
In this study, a game‐theoretical approach was used to provide an additional perspective in order to
improve the explanation and our understanding of the connection between planning and complexity
as argued by the institutional economics approach. In brief, game theory is a methodological
approach that uses a formal mathematical language to study relational and collective decision‐
making situations in which the decision‐makers have interrelated strategies and conflicting
preferences. Despite some limitations due to its rigid assumptions and formalisations as a
quantitative approach, game theory offers several advantages that allow it to contribute to
institutional debates. Because institutional analyses fundamentally focus on human interactions in a
context in which the interests of one party (and the efficacy of that party’s actions) are highly
influenced by the actions of other parties, game theory can provide a straight‐forward method for
bringing institutions into the concept of interactive decision‐making in an economic activity in order
to identify multi‐party interaction patterns and achieve optimum results. In game theory, this
process is not only associated with the vector of inputs and outputs; it is also explicitly formulated as
the structure—or heuristics—of interaction. Moreover, with respect to urban planning analysis, the
application of game theory, particularly from the perspective of new institutional economics, is
rather uncommon, although its advantages as an analytical instrument have been both recognised
and supported by various scholars. This study is also an attempt to investigate both the usefulness
and the limitations of game‐theoretical modelling in analysing the behaviour of actors who are
involved in decision‐making processes with respect to land and property development in general and
the implementation of value capturing in particular.
The primary objective of this study is to provide a new institutional perspective based on
game‐theoretical approaches in order to understand better the decision‐making behaviour of
stakeholders in land and property development processes. In this study, these processes are
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generally specific to the case of public infrastructure provision with respect to value capturing. To
achieve this aim, the following research objectives are formulated and guide the analysis that is
presented in this thesis:
1. To observe the structure of strategic decisions in land and property development
processes from a game‐theoretical perspective;
2. To explore the advantages and disadvantages of various game‐theoretical models in
analysing public infrastructure provision in land and property development processes;
3. To analyse the strategic and operational responses of stakeholders involved in land and
property development and to predict the outcomes of decision making processes by the
stakeholders using a game‐theoretical approach; and
4. To identify the most relevant mechanisms in the decision‐making process related to
public infrastructure provision in land and property development.

Chapter Two ‐ An in‐depth analysis of public infrastructure financing and value capturing
The development of public infrastructure can be both costly and complex, as it often
involves large‐scale investments and the management of conflicting interests from both public and
private parties. However, public infrastructure has long been recognised as playing a crucial role in
economies due to its ability to yield positive effects for society. For example, many studies have
revealed that land and property prices increase in the vicinity of transport infrastructure, particularly
with respect to public transport initiatives, and these increases have been proposed as an additional
source of funding to build that infrastructure.
The process of capturing or recouping all or a portion of the increment in land and property
value that results from improving certain public services—rather than from the landowner’s
actions—for public use is known as value capturing. Value capturing is not merely a single
mechanism for recouping the benefits of public investments. Value capturing can actually be viewed
as a set of betterment levy methods applied to unearned increment value that can be imposed
directly (through taxes, fees, exaction or other fiscal means), indirectly (through an agreement
related to land improvements or investments that benefit the community at large), or even through
a macro‐level policy that is motivated by broader principles.
The Netherlands currently lacks specific legal support for value capturing. There is, however,
the possibility exists for private property developers to voluntarily enter into a development
agreement through negotiations with local authorities (e.g. municipalities) regarding their
contribution to recover the costs of public investments in infrastructure development. Indeed, this
approach is common practise in large development processes.
Whether a public authority has the right to capture the increment value that results from
public infrastructure development has been the subject of controversy and debate. In this study, it is
argued that these debates should receive less attention, as ultimately the decision whether to take
or give an increment value that results from public infrastructure development should be based on
the agreed profitability of that decision to both the landowner and the public authority. This
agreement can be reached through a deliberate negotiation process in order to achieve a fair share
or a mutually agreeable balance between the risks and expected benefits of capturing a given
amount of increment value from a public infrastructure development. In another words, any
instrument for value capturing should be based on a negotiation process that focuses on reaching an
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equilibrium as an agreement point, assuming that both parties will attempt to maximise their
benefits in the final outcome. As the increment value that results from public infrastructure
development can be viewed as positive externality, this approach may also resonate with Ronald
Coase’s proposal to overcome externality problems. Coase argued that the negotiation to internalise
externalities will automatically properly assign property rights and will eventually lead to an efficient
allocation of resources, provided there are no transaction costs involved. Consequently, in order to
achieve optimum efficiency in resource allocation through a negotiation process designed to
properly assign property rights, it is important to introduce rules that can reduce transaction costs as
much as possible. However, this study argues that this approach might not be sufficient. Using game
theory can reveal that not every situation can result in a single efficient and optimal outcome, even
when that transaction has no associated costs. Game theory can be a useful device for analysing
whether a situation has a single optimum equilibrium, a sub‐optimal equilibrium, multiple equilibria,
or even no equilibrium, which can in turn suggest whether the interaction will lead naturally to an
optimum agreement, a sub‐optimal agreement, several agreements, or no agreement whatsoever.
Moreover, the results of this type of analysis can be used to investigate the need to introduce a
public intervention that is aimed at value capturing. In other words, when a single optimum
equilibrium exists, value capturing would be naturally possible and acceptable to the stakeholders
without the need for public intervention. On the other hand, if no such optimum equilibrium exists
for an agreement, if many equilibria are offered, or if no equilibrium at all can be naturally expected
from the situation, any proposed statutory public intervention should then be able to construct an
interactional structure in order to shift the equilibrium towards the optimum agreement that would
enable value capturing. This shifting means to promote a better payoff structure for all stakeholders
to make value capturing more feasible.

Chapter Three ‐ Land and property development in the Netherlands
In order to understand the strategic behaviour and the decision‐making process of
stakeholders in Dutch land and property development, particularly with respect to public
infrastructure provision through value capturing, it is important to first understand the general
process of land and property development in the Netherlands. By focusing on a typical residential
greenfield development, Chapter 3 provides an observation and analysis to structure the land and
property development process in the Netherlands using a game‐theoretical approach in extensive
form. Although game theory has some limitations due to its basic assumptions, this analysis can be
useful for identifying the key strategic decisions to be made in this type of development project. The
analysis also reveals the various payoffs to the stakeholders based on their selected strategies and
enables the stakeholders to select the equilibrium situation in which all stakeholders are best off.
The game models can able capture the logic of the land and property development process with
respect to the strategic behaviour of the stakeholders.
Given the theoretical illustration that was used in Chapter 3, the analysis reveals that the
public land development process in the Netherlands, which is based on pro‐active land development
policy, is the equilibrium point (i.e. the best strategic decision that can be expected from the land
development process), even though none of the stakeholders will receive the maximum available
payoff using this strategy. This result illustrates that the relational structure of stakeholders—
particularly with respect to the sequence of reactions or responses in making decisions—has a
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significant influence on the stakeholders’ strategic decisions. It also suggests that the most optimal
payoff cannot always be achieved in cases in which the decisions of the stakeholders are
interdependent.

Chapter Four ‐ Stakeholder’s strategic behaviour with respect to value capturing
In this chapter, the analysis progressed to observing the collective action in land
development process specifically with respect to value capturing. The goal of this analysis is to
observe the conditions in which value capturing may be feasible, given a situation in which the
principal objective of each stakeholder is to maximise his/her profit. By employing a non‐cooperation
game‐theoretical approach in strategy form, the analysis focused on the stakeholders’ strategic
behaviour with respect to value capturing. Using game‐theoretical modelling, it is possible to
conceptualise the relationships between various stakeholders by taking into account the
stakeholders’ responses to each other’s strategies. The approach also suggested the best possible
strategy for each stakeholder using the assumption that each stakeholder will compete with the
other stakeholders and therefore independently arrive at a decision whether to contribute to value
capturing.
The analysis revealed that value capturing cannot naturally emerge as the optimum
equilibrium or as the single dominant strategy for the stakeholders. Only by imposing an
“intervention” designed to manipulate the payoff structure—in particular, by imposing a penalty or
fine on the private developer when he/she chooses not to contribute (and when the amount of the
fine is also added as a benefit to the municipality)—can value capturing be expected to emerge as
the natural single dominant strategy.

Chapter Five ‐ Cooperation between stakeholders to agree on value capturing
As demonstrated in Chapter 4, the specific assumptions of non‐cooperation game‐
theoretical modelling can be useful for analysing the basic conditions of value capturing. However,
problems have been identified with respect to non‐cooperation game‐theoretical approaches due to
the approach’s constraints to account for the possibility of cooperation among stakeholders in order
to achieve a binding agreement. This limitation prevents the analysis from incorporating a concern
for issues such as coalition formation in the implementation of value capturing, particularly when
more than two stakeholders are involved. In order to analyse a situation in which stakeholders can
form decisions together through mutual cooperation (or by forming a coalition in the case of value
capturing), cooperative game theory—specifically with the characteristic function form—is applied in
Chapter 5. In this analysis, value capturing is formulated as the situation in which the involved
stakeholders agree to distribute the increment values—either in full or in part—that result from the
development of public infrastructure by the public authority. This approach reflects the negotiation
between stakeholders regarding how they will divide the increment land and property value when
forming a coalition or joint venture. The analysis revealed that the amount of increment value that
can be captured from the negotiation process will differ due to the stakeholders’ ability to form a
coalition. In this game‐theoretical approach, the specific nature of these situations determines each
stakeholder’s bargaining power. For example, when an infrastructure can only be built if all
stakeholders contribute and if the private developers are highly dependent on the availability of the
infrastructure, clearly the infrastructure provider (i.e. the public authority) has the highest
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bargaining power. In this situation, the public authority can capture more than the increment value
that was created by the infrastructure development. In contrast, when the private developers can
continue to run their businesses without the infrastructure (even though the construction of the
infrastructure would increase the value of their properties), the public authority can capture less
than—or even none of—the increased value it will create by developing the infrastructure. The
results of the analysis using this approach reveal that any attempt to fully capture all of the
increment value can result in a sub‐optimal outcome. Such an attempt to impose a “public
intervention” —for example in the form of a statutory regulation for value capturing—without
assessing the unique context of the project, in particular the structure of interdependency among
the stakeholders involved could create inefficiency due to the sub‐optimal allocation of resources.

Chapter Six ‐ How to deal with free‐rider problems in the process of value capturing
Despite all of the advantages of cooperative game theory in characteristic form, this
approach cannot address the free‐rider problem, which can occur during the implementation of
value capturing and subsequently jeopardise the bargaining process. Chapter 6 addressed this
problem using models that are derived from the cooperative game in partition function form.
Conveniently, this analysis provides results that are comparable with the results presented in
Chapter 5. Apparently, when the availability of the infrastructure is extremely important to the
private developers, the free‐rider problem can be avoided, as the infrastructure provider will have
high bargaining power in order to force the developers to contribute. In contrast, when the private
property developers are not highly dependent on the infrastructure, expecting them to join a
coalition with the public authority in order to construct the infrastructure will be impractical. These
results were validated and confirmed using an experimental simulation with real players who played
the role of stakeholders in value capturing as described in the modelling exercises.
The game‐theoretical modelling and the experiment revealed that bargaining and
negotiation can be useful for reaching an agreement with respect to an efficient and fair allocation
of the increment land and property value. As demonstrated by both the model and the experiment,
the results of the analysis yielded insight into the most optimal outcome—both individually and
collectively—given the specific structure of interdependency among stakeholders. The results also
confirm that any attempt to fully capture all of the increment value may lead to a sub‐optimal
outcome and will face strong opposition. Therefore, the outcome of the models might also support
the argument that public authorities do not necessarily need statutory powers for value capturing
with respect to public infrastructure provision, but rather that they must focus on their bargaining
powers by developing public infrastructure upon which the private parties will heavily depend.

Chapter Seven ‐ Computer‐based bilateral negotiation experiment
The analyses in the papers presented in Chapters 7 and 8 attempt to take a closer look at
stakeholders’ strategic behaviour in the negotiation process between public authorities and the
private sector in the case of public infrastructure provision. Some key aspects are observed that can
explain the nuts‐and‐bolts of a negotiation in order to better understand the process. The analysis
was based on negotiation experiments using real players who are familiar with land and property
development in the Netherlands in order to understand the nuances of the process using real
experiences. A game theoretical approach is used in this study as a general instrument to determine
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the equilibrium of the negotiation, which is then compared with the results of the experiment. The
negotiation experiments are performed in two ways. Chapter 7 describes the first experiment, in
which two opposing stakeholders in the negotiation are connected anonymously through a
computer interface. The stakeholders in this experiment are unable to communicate with each
other, thereby minimising the effect of external factors on the negotiation results; such factors can
include personal persuasion and/or intimidation, and other external issues. The observations
focused on the effect of the availability of information—in particular, with respect to the
stakeholders’ financial status—on the outcome of the negotiation. Interestingly, this experiment
revealed that when more information is available to the negotiators (particularly due to the limited
communication), it is more difficult for them to reach an agreement. Apparently, when armed with a
full set of information regarding their opponents’ financial situation, stakeholders were able to learn
that their opponents asked “too much”, and their typical response was to punish their opponents by
increasing their bids as well, considering this to be a fair response, even though this response might
jeopardise the negotiation. Because each stakeholder was isolated from each other, and because
communication between the negotiators was not possible, they were unable to express their good
intentions or assess whether their opponent has good intentions, thereby making it difficult for the
negotiators to trust each other.

Chapter Eight ‐ Face‐to‐face bilateral negotiation experiment
The paper presented in this chapter reports the second series of experiments regarding
direct bilateral negotiation, in which the stakeholders were allowed to communicate with each other
while in a face‐to‐face negotiation. Similar to the previous experiment, the effect of the availability
of information—in particular, the stakeholders’ financial status—on the outcome of the negotiation
is observed. Unlike the results of the first experiment, here stakeholders were apparently able to
reach an agreement more easily when more information was available and they were free to
communicate with each other by expressing their intentions and preferences to their opponents.
Comparing the results of the two experiments in Chapters 7 and 8 revealed that essentially all
stakeholders tend to seek a fair outcome in the negotiation, which is defined in the study as the
equilibrium. These results suggest that both public authorities and the private sector frequently have
a mutual interest in reaching an agreement with respect to planned developments, including private
sector contributions to public infrastructure provision.

Chapter Nine ‐ Conclusions ...and recommendations for future study
This study comprises a collection of research papers that are presented separately in the
chapters of this dissertation in order to achieve our research objectives. The first objective of this
study is achieved by constructing a game in extensive form in order to establish the structure of
strategic decisions in land and property development processes from a game‐theoretical
perspective, specifically with respect to typical residential greenfield development projects in the
Netherlands. Furthermore, the second, third and fourth research objectives are reached by the
analyses provided in all of the analytical chapters by demonstrating various game‐theoretical
models. With respect to the second objective in particular, this study investigates and discusses the
advantages and disadvantages of four standard descriptive game theory frameworks in order to
analyse public infrastructure provision in land and property development processes. These standard
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descriptive frameworks include game in extensive form, non‐cooperative game in strategic form,
cooperative game in characteristic function form, and cooperative game in partition function form.
The results of the analyses improve our understanding of how a stakeholder might be expected to
make strategic decisions in response to other stakeholders’ strategies. This improved understanding
serves as an attempt to address the third objective of this study. With respect to the fourth
objective, the game‐theoretical modelling and the experiment revealed that bargaining and
negotiation can be useful mechanisms for reaching an agreement that provides an efficient and fair
allocation of the increment land and property value. As demonstrated both in the models and in the
experiments, the results of the analyses yielded insight into the most optimal outcome—both
individually and collectively—given the specific structure of interdependency among stakeholders.
The results also indicate that any attempt to fully capture all of the increment value can lead to a
sub‐optimal outcome. Therefore, the results of the models might also support the argument that
public authorities do not necessarily need to have statutory power for value capturing with respect
to public infrastructure provision; rather, the public authorities might have a better outcome if they
shift their focus to improve their bargaining power by creating a situation in which they bargain with
private parties who depend—at least in part—on the development of the particular public
infrastructure
The important insights that can be gleaned from this study include some limitations that
bear mentioning. First of all, the game‐theoretical approaches that were extensively utilised in this
study have long been the subject of criticism due to their rigid abstraction as formal quantitative
models. With respect to complexity issues, the models cannot capture all of the dynamics and
influences at both the micro‐level (including political beliefs and powers, different cultures and
institutions, the gender mix and/or time pressure) and the macro‐level (including patterns of urban
development, urban mobility, and social activities. Moreover, the equilibrium concept of game
theory can be considered static in nature, which can be useful in explaining the logic of a self‐
enforcing social order at a given time (but not the process of institutional change over time). Further
examination of the origins and the contexts of a player’s intentions and the sources of his/her
decision‐making behaviour by incorporating traditional institutional approaches, including historical
and sociological institutionalisms, are important in this respect. In addition, with respect to the
discussion of public infrastructure financing, attempts to analyse various methods for improving the
efficiency of public sector management while maintaining a satisfactory level of investment in public
infrastructure are also essential. Finally, recent developments in game theory that attempt to
incorporate more behavioural aspects—such as psychological intuition, bounded rationality,
cognitive bias, etc.—can create new avenues of research for developing the next generation of
game‐theoretical models in order to analyse land and property development processes.
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Hoofdstuk Een ‐ Inleiding: Complexiteit, instituties en speltheorie
Een analyse die ons begrip van de complexiteit van grond‐ en vastgoedontwikkeling kan
vergroten – vooral met betrekking tot de interactie tussen belanghebbenden in de
besluitvormingsprocessen – is duidelijk van belang. Hierbij kunnen institutioneel‐economische
benaderingen een belangrijk analytisch kader vormen, aangezien die handvatten aanreiken
waarmee kan worden verklaard hoe stedelijke ontwikkelingsprocessen tot stand komen door
interacties tussen meerdere onderling verbonden partijen die hun beslag krijgen in – en beïnvloed
worden door – instellingen die direct of indirect betrokken zijn bij de planning en besluitvorming. In
dit onderzoek is een speltheoretische benadering gebruikt om een aanvullend perspectief te bieden
en daarmee het verband tussen planning en complexiteit zoals gesteld in de institutioneel‐
economische benadering inzichtelijker te maken. Speltheorie is in het kort een methodologische
benadering die formele wiskundige taal gebruikt om onderzoek te doen naar relationele en
collectieve besluitvormingssituaties waarin besluitvormers onderling samenhangende strategieën
hanteren en tegengestelde voorkeuren hebben. Ondanks enkele beperkingen die voortvloeien uit de
starre aannames en formaliseringen van deze kwantitatieve benadering, biedt speltheorie
verschillende voordelen waardoor het een nuttige bijdrage kan leveren aan institutionele discussies.
Aangezien institutionele analyses fundamenteel gericht zijn op menselijke interacties in een context
waarbij de belangen van één partij (en de doeltreffendheid van de handelingen van die partij) sterk
beïnvloed worden door de handelingen van andere partijen, biedt de speltheorie een concrete,
heldere methode om instellingen in te passen in het concept van interactieve besluitvorming binnen
het kader van een economische activiteit, om zo interactiepatronen tussen meerdere partijen te
herkennen en een optimaal resultaat te behalen. In de speltheorie wordt dit proces niet enkel met
input‐ en outputvectoren geassocieerd, maar ook expliciet geformuleerd als de structuur – of
heuristiek – van interactie. Bovendien is het vrij ongebruikelijk om de speltheorie toe te passen op
stedenbouwkundige analyses, vooral vanuit het perspectief van de neo‐institutionele economie, al
worden de voordelen van dit analytisch instrument wel door verscheidene wetenschappers
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onderkend en onderschreven. Deze studie is tevens een poging om zowel het nut als de beperkingen
van speltheoretische modellen te onderzoeken wanneer deze worden gebruikt voor het analyseren
van het gedrag van actoren die betrokken zijn bij de besluitvorming rond grond‐ en
vastgoedontwikkeling in het algemeen en de implementatie van value capturing ('waardevangst') in
het bijzonder.
De primaire doelstelling van deze studie is om op basis van speltheoretische benaderingen
een nieuw institutioneel perspectief te bieden, waarmee meer inzicht kan worden verkregen in het
besluitvormingsgedrag van belanghebbenden in grond‐ en vastgoedontwikkelingsprocessen. In deze
studie hebben deze processen over het algemeen voornamelijk betrekking op het terughalen van
overheidsinvesteringen die een waardevermeerdering geven aan vastgoed van private partijen bij de
aanleg van openbare infrastructuur. Voor de analyse die in dit proefschrift wordt gepresenteerd zijn
de volgende onderzoeksdoelen geformuleerd:
1. De structuur van strategische beslissingen in grond‐ en vastgoedontwikkelingsprocessen
observeren vanuit een speltheoretisch perspectief;
2. De voor‐ en nadelen van diverse speltheoretische modellen bestuderen met betrekking
tot de analyse van de realisatie van openbare infrastructuur via grond‐ en vastgoed‐
ontwikkelingsprocessen;
3. De strategische en operationele reacties van belanghebbenden die betrokken zijn bij
grond‐
en
vastgoedontwikkeling
analyseren
en
de
uitkomsten
van
besluitvormingsprocessen voorspellen met behulp van een speltheoretische
benadering;
4. De meeste relevante mechanismen in het besluitvormingsproces rond de realisatie van
openbare infrastructuur via grond‐ en vastgoedontwikkelingsprocessen beschrijven.

Hoofdstuk Twee ‐ Een diepgaande analyse van de financiering van de openbare
infrastructuur en de value capturing
De ontwikkeling van de openbare infrastructuur kan zowel duur als complex zijn, aangezien
het daarbij vaak gaat om grootschalige investeringen en het samenbrengen van tegenstrijdige
belangen van zowel publieke als private partijen. Dat de openbare infrastructuur een cruciale rol
speelt in de economie vanwege de doorgaans positieve effecten op de samenleving ervan staat
buiten kijf. Diverse studies hebben bijvoorbeeld aangetoond dat grond‐ en vastgoedprijzen stijgen in
de nabijheid van vervoersinfrastructuur, met name bij OV‐initiatieven. Daarom wordt voorgesteld
deze stijgingen aan te wenden als extra financieringsbron voor de aanleg van die infrastructuur.
Het proces van het 'vangen' of terugwinnen van (een deel van) deze waardestijging van
grond‐ en vastgoed die het gevolg is van de verbetering van bepaalde openbare diensten – en dus
niet van acties van de grondeigenaar – om deze opnieuw in te zetten voor publieke investeringen
wordt value capturing of waardevangst genoemd. Het gaat hierbij niet om slechts een enkel
mechanisme voor het terugwinnen van de voordelen van publieke investeringen. Waardevangst kan
eigenlijk worden gezien als een reeks baatbelastingmethoden, toegepast op onverdiende
waardestijging, die op verschillende wijzen kunnen worden opgelegd: direct (via belastingen,
toeslagen, vorderingen of andere fiscale middelen), indirect (via een overeenkomst met betrekking
tot grondverbeteringen of ‐investeringen die de gemeenschap in het algemeen ten goede komen), of
zelfs door een beleid op macroniveau ingegeven door bredere motieven.
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Nederland ontbeert momenteel specifieke juridische ondersteuning voor waardevangst.
Voor particuliere projectontwikkelaars bestaat echter de mogelijkheid om vrijwillig een
ontwikkelingsovereenkomst aan te gaan middels onderhandelingen met de lokale overheid (bijv.
gemeenten) met betrekking tot hun bijdrage om de kosten van de publieke investeringen in de
ontwikkeling van infrastructuur te herwinnen. Deze aanpak is inderdaad gebruikelijk in grote
ontwikkelingsprocessen.
Of een overheidsinstantie het recht heeft om de waardestijging die ontstaat door de
ontwikkeling van openbare infrastructuur te 'vangen' is het onderwerp geweest van menig
controverse en debat. In dit onderzoek wordt betoogd dat deze debatten minder aandacht dienen te
krijgen, aangezien de beslissing of de waardestijging wordt gegeven of genomen, uiteindelijk
gebaseerd dient te zijn op de overeengekomen winstgevendheid van deze beslissing voor zowel de
grondeigenaar als de overheid. Deze overeenkomst kan worden bereikt door middel van een
weloverwogen onderhandelingsproces met als doel het verkrijgen van een billijk aandeel of een
wederzijds aanvaardbare balans tussen de risico's en de verwachte baten van het 'vangen' van een
bepaalde hoeveelheid waardestijging. Met andere woorden, elk instrument voor waardevangst zou
gebaseerd moeten zijn op een onderhandelingsproces dat gericht is op het bereiken van een
evenwichtige overeenkomst, aannemende dat beide partijen zullen proberen hun voordelen te
maximaliseren in het eindresultaat. Aangezien de waardestijging die voortvloeit uit de ontwikkeling
van openbare infrastructuur ook gezien kan worden als positieve externaliteit, is deze aanpak ook in
lijn met het voorstel van Ronald Coase voor het oplossen van externaliteitsproblemen. Coase stelde
dat de onderhandelingen om externaliteiten te internaliseren er automatisch toe zullen leiden dat
eigendomsrechten op de juiste wijze worden toegewezen en uiteindelijk ook tot een efficiënte
toebedeling van middelen, mits er geen transactiekosten bij betrokken zijn. Om een optimale
efficiëntie te bereiken in de toewijzing van middelen via een onderhandelingsproces waarbij
eigendomsrechten correct worden toegewezen is het derhalve belangrijk om regels te introduceren
die de transactiekosten zoveel mogelijk beperken. Dit onderzoek stelt echter dat deze benadering
mogelijk niet toereikend zal zijn. Het gebruik van speltheorie kan aantonen dat niet iedere situatie
kan resulteren in een enkele efficiënte en optimale uitkomst, zelfs wanneer die transactie geen
bijkomende kosten heeft. Speltheorie kan een nuttig hulpmiddel zijn voor het analyseren van de
vraag of een situatie een enkel optimaal evenwicht, een suboptimaal evenwicht, meerdere
evenwichten of zelfs helemaal geen evenwicht heeft, waaruit vervolgens kan worden afgeleid of de
interactie op een natuurlijke wijze zal leiden tot een optimale overeenkomst, suboptimale
overeenkomst, verschillende overeenkomsten of geen enkele overeenkomst. Bovendien kunnen de
resultaten van dit type analyse worden gebruikt om te onderzoeken of een op waardevangst gericht
overheidsingrijpen noodzakelijk is. Met andere woorden, wanneer er een enkel optimaal evenwicht
bestaat, zou waardevangst op een natuurlijke wijze mogelijk zijn en aanvaardbaar zijn voor de
belanghebbenden zonder noodzaak tot overheidsingrijpen. Aan de andere kant, wanneer er geen
dergelijk optimaal evenwicht bestaat voor een overeenkomst, wanneer vele evenwichten worden
aangeboden, of als er helemaal geen natuurlijk evenwicht kan worden verwacht in een situatie, zou
via een wettelijke maatregel kunnen worden bereikt dat een interactiestructuur wordt gecreëerd
waarin het evenwicht zodanig is verschoven dat een optimale overeenkomst over waardevangst wel
mogelijk is. Deze verschuiving zou kunnen bijdragen aan een betere beloningsstructuur voor alle
belanghebbenden waarin de haalbaarheid van waardevangst een stuk dichterbij komt.
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Hoofdstuk Drie ‐ Grond‐ en vastgoedontwikkeling in Nederland
Om het strategisch gedrag en het besluitvormingsproces van belanghebbenden in de grond‐
en vastgoedontwikkeling in Nederland te begrijpen, in het bijzonder met betrekking tot de
financiering van de aanleg van openbare infrastructuur door middel van waardevangst, is het
belangrijk om eerst het algemene proces van de grond‐ en vastgoedontwikkeling in Nederland te
begrijpen. In hoofdstuk 3 wordt op basis van een typische stedelijke uitbreiding een observatie en
analyse beschreven voor het structuren van de grond‐ en vastgoedontwikkelingsprocessen in
Nederland met behulp van een speltheoretische benadering in uitgebreide vorm. Hoewel speltheorie
een aantal beperkingen heeft vanwege de aannames die gemaakt worden, kan deze analyse nuttig
zijn voor het identificeren van de belangrijkste strategische beslissingen die gemaakt moeten
worden in dit type ontwikkelingsproject. De analyse toont ook de verschillende opbrengsten van de
betrokken partijen op basis van hun gekozen strategie en stelt de betrokken partijen in staat om de
evenwichtssituatie te kiezen waarin alle belanghebbenden het gunstigst uitkomen. De spelmodellen
maken het mogelijk de logica van de grond‐ en vastgoedontwikkelingsprocessen met betrekking tot
het strategische gedrag van de betrokkenen weer te geven.
Gezien de theoretische toelichting in hoofdstuk 3 toont de analyse dat het openbare
landontwikkelingsproces in Nederland, dat gebaseerd is op proactief landontwikkelingsbeleid, het
evenwichtspunt is (d.w.z. de beste strategische beslissing die verwacht kan worden uit het
landontwikkelingsproces), ook al zal geen van de belanghebbenden de maximaal beschikbare
opbrengst van deze strategie kunnen verkrijgen. Dit resultaat laat zien dat de relationele structuur
van belanghebbenden – in het bijzonder met betrekking tot de volgorde van reacties in het nemen
van beslissingen – een significante invloed heeft op de strategische beslissingen van de
belanghebbenden. Dit suggereert tevens dat de meest optimale opbrengst niet altijd kan worden
bereikt in gevallen waarin de beslissingen van de betrokken partijen van elkaar afhankelijk zijn.

Hoofdstuk Vier ‐ Het strategisch gedrag van belanghebbenden met betrekking tot
waardevangst
In dit hoofdstuk betrof de analyse het observeren van de collectieve acties in het
landontwikkelingsproces, specifiek met betrekking tot waardevangst. Het doel van deze analyse is
om de omstandigheden te observeren waaronder waardevangst in de praktijk mogelijk is, gegeven
een situatie waarin elke betrokken partij winstmaximalisatie als hoofddoel heeft. Met gebruik van
een niet‐coöperatieve speltheoretische benadering in strategische vorm richtte de analyse zich op
het strategisch gedrag van de belanghebbenden met betrekking tot waardevangst. Met behulp van
speltheoretische modellen is het mogelijk om de relaties tussen de verschillende belanghebbenden
te conceptualiseren, door rekening te houden met de reacties van de belanghebbenden op elkaars
strategieën. De aanpak stelde ook de best mogelijke strategie voor elke belanghebbende voor, met
de aanname dat elke belanghebbende zal wedijveren met de andere belanghebbenden en daarom
onafhankelijk zal komen tot een beslissing om wel of niet bij te dragen aan de waardevangst.
De analyse toonde aan dat waardevangst niet natuurlijk kan ontstaan als het optimale
evenwicht of als enige dominante strategie voor de belanghebbenden. Alleen door het opleggen van
een 'interventie' die ontworpen is om de beloningsstructuur te manipuleren – in het bijzonder door
het opleggen van een straf of boete aan de particuliere ontwikkelaar als hij/zij ervoor kiest niet bij te
dragen (en wanneer het bedrag van de boete ook toegevoegd wordt als een baat voor de gemeente)
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– kan waardevangst verwacht worden te voorschijn te komen als de natuurlijke en enige dominante
strategie.

Hoofdstuk Vijf ‐ Samenwerking tussen belanghebbenden om tot overeenkomst te komen
over waardevangst
Zoals aangetoond in hoofdstuk 4 kunnen de specifieke uitgangspunten van niet‐coöperatieve
speltheoretische modellen nuttig zijn voor de analyse van de basisvoorwaarden van waardevangst.
Er zijn echter problemen vastgesteld met betrekking tot niet‐coöperatieve speltheoretische
benaderingen veroorzaakt door de beperkingen van de aanpak die voortkomen uit het rekening
houden met de mogelijkheid van samenwerking tussen belanghebbenden om tot een bindend
akkoord te komen. Deze beperking maakt het onmogelijk om in de analyse zaken op te nemen zoals
coalitievorming bij de implementatie van waardevangst, met name wanneer er meer dan twee
partijen bij betrokken zijn. Om een situatie te kunnen analyseren waarin belanghebbenden samen
besluiten kunnen vormen door middel van onderlinge samenwerking (of door de vorming van een
coalitie in het geval van waardevangst) wordt coöperatieve speltheorie – specifiek met de
karakteristieke functievorm – toegepast in hoofdstuk 5. In deze analyse wordt waardevangst
geformuleerd als de situatie waarin de betrokken partijen overeenkomen (een deel van) de
waardestijging te verdelen die het gevolg is van de ontwikkeling van openbare infrastructuur door
de overheid. Deze aanpak weerspiegelt de onderhandelingen tussen belanghebbenden over hoe zij
de stijging van grond‐ en vastgoedwaarde zullen verdelen bij het vormen van een coalitie of een
joint venture. Uit de analyse bleek dat de hoeveelheid waardestijging die kan worden gevangen in
het onderhandelingsproces zal verschillen en afhangen van het vermogen van de belanghebbenden
om een coalitie te vormen. In deze speltheoretische benadering bepaalt de specifieke aard van deze
situaties de onderhandelingspositie van elke partij. Wanneer bijvoorbeeld een infrastructuur alleen
kan worden opgebouwd wanneer alle belanghebbenden bijdragen en de particuliere ontwikkelaars
sterk afhankelijk zijn van de beschikbaarheid van de infrastructuur, heeft de aanbieder van de
infrastructuur (d.w.z. de overheid) duidelijk de hoogste onderhandelingspositie. In deze situatie kan
de overheid meer vangen dan de waardestijging die is gecreëerd door de ontwikkeling van de
infrastructuur. Daarentegen, wanneer de particuliere ontwikkelaars hun bedrijf kunnen blijven
voortzetten zonder de infrastructuur (ook al zou de aanleg van de infrastructuur de waarde van hun
vastgoed doen stijgen), zal de overheid minder dan – of niets van – de toegenomen waarde kunnen
vangen die het creëert door het ontwikkelen van infrastructuur. De resultaten van de analyse met
behulp van deze aanpak tonen aan dat elke poging om de volledige waardestijging te vangen kan
resulteren in een suboptimaal resultaat. Een dergelijke poging tot 'overheidsingrijpen' –
bijvoorbeeld in de vorm van een wettelijke regeling voor waardevangst – zonder de unieke context
van het project te beoordelen, in het bijzonder de structuur van onderlinge afhankelijkheid van de
betrokken partijen, kan inefficiëntie veroorzaken vanwege de suboptimale verdeling van middelen.

Hoofdstuk Zes ‐ Hoe om te gaan met meeliftersproblemen in het proces van waardevangst
Ondanks alle voordelen van de coöperatieve speltheorie in karakteristieke vorm kan in deze
benadering geen rekening worden gehouden met het meeliftersprobleem dat op kan treden tijdens
de implementatie van waardevangst en het onderhandelingsproces in gevaar kan brengen.
Hoofdstuk 6 behandelt dit probleem met behulp van modellen die zijn afgeleid van het coöperatieve
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spel in partitiefunctievorm. Deze analyse levert overzichtelijke resultaten op die vergelijkbaar zijn
met de resultaten gepresenteerd in hoofdstuk 5. Blijkbaar kan het meeliftersprobleem worden
vermeden wanneer de beschikbaarheid van de infrastructuur uiterst belangrijk is voor de
particuliere ontwikkelaars, aangezien de aanbieder van de infrastructuur in die situatie grote
onderhandelingsmacht zal hebben om de ontwikkelaars te dwingen bij te dragen. Wanneer
daarentegen de particuliere projectontwikkelaars niet sterk afhankelijk zijn van de infrastructuur, zal
de verwachting dat ze een coalitie zullen vormen met de overheid niet reëel zijn. Deze resultaten
werden bevestigd door middel van een experimentele simulatie met echte spelers die de rol van
belanghebbenden bij waardevangst speelden, zoals beschreven in de modelleringen.
Uit de speltheoretische modellering en het experiment bleek dat afdingen en onderhandelen
van pas kunnen komen bij het bereiken van een overeenkomst over een efficiënte en eerlijke
verdeling van de waardestijging van grond en vastgoed. Zoals aangetoond door zowel het model als
het experiment, leverden de resultaten van de analyse inzicht in het meest optimale resultaat –
zowel individueel als collectief – gezien de specifieke structuur van de onderlinge afhankelijkheid
tussen belanghebbenden. De resultaten bevestigen tevens dat elke poging om alle waardestijging
volledig te vangen kan leiden tot een suboptimale uitkomst en een sterke tegenstand zal
ondervinden. Daarom zou de uitkomst van de modellen ook het argument kunnen ondersteunen dat
de overheid niet per se wettelijke maatregelen nodig heeft voor waardevangst ter financiering van
openbare infrastructuur, maar dat ze zich moet concentreren op de kracht van haar
onderhandelingspositie door het ontwikkelen van publieke infrastructuur waarvan de particuliere
partijen sterk afhankelijk zullen zijn.

Hoofdstuk Zeven ‐ Computergestuurde bilaterale onderhandelingen experiment
De analyses in de artikelen gepresenteerd in hoofdstuk 7 en 8 vormen een nadere
beschouwing van het strategisch gedrag van belanghebbenden in het onderhandelingsproces tussen
de overheid en de particuliere sector bij de aanleg van openbare infrastructuur. Enkele belangrijke
aspecten werden waargenomen aan de hand waarvan de invulling van de onderhandelingen kan
worden uitgelegd. De analyse is gebaseerd op onderhandelingsexperimenten met echte spelers die
bekend zijn met de grond‐ en vastgoedontwikkeling in Nederland om zo de nuances van het proces
met behulp van echte ervaringen te begrijpen. Een speltheoretische benadering wordt in dit
onderzoek als instrument gebruikt om het evenwicht van de onderhandelingen te bepalen, dat
vervolgens
wordt
vergeleken
met
de
resultaten
van
het
experiment.
De
onderhandelingsexperimenten werden op twee manieren uitgevoerd. Hoofdstuk 7 beschrijft het
eerste experiment, waarin twee tegenover elkaar staande partijen in de onderhandelingen anoniem
met elkaar verbonden zijn via een computerinterface. De partijen in dit experiment zijn niet in staat
om met elkaar te communiceren, waardoor het effect van externe factoren op de
onderhandelingsresultaten geminimaliseerd wordt. Dergelijke factoren kunnen persoonlijke
overtuiging en/of intimidatie en andere externe kwesties omvatten. De waarnemingen waren
gericht op het effect van de beschikbaarheid van informatie – in het bijzonder met betrekking tot de
financiële situatie van belanghebbenden – op de uitkomst van de onderhandelingen. Interessant
genoeg liet dit experiment zien dat wanneer de onderhandelaars meer informatie tot hun
beschikking hebben (met name vanwege beperkte communicatie) het moeilijker voor hen is om tot
een akkoord te komen. Blijkbaar waren belanghebbenden in staat om, gewapend met een volledige
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set informatie over de financiële situatie van hun tegenstanders, tot de conclusie te komen dat hun
tegenstanders 'te veel' vroegen, en hun typische reactie was dan ook om hun tegenstanders te
straffen door ook hun bod te verhogen, wat ze een eerlijk reactie vonden, ook al zou deze reactie de
onderhandelingen in gevaar kunnen brengen. Omdat de partijen geïsoleerd van elkaar werden, en
omdat er geen communicatie tussen de onderhandelaars mogelijk was, waren ze niet in staat om
hun goede bedoelingen te uiten of te beoordelen of hun tegenstander goede bedoelingen had,
waardoor het voor de onderhandelaars moeilijk was elkaar te vertrouwen.

Hoofdstuk Acht ‐ Experiment met directe bilaterale onderhandelingen
Het in dit hoofdstuk gepresenteerde artikel brengt rapport uit over de tweede reeks
experimenten met directe bilaterale onderhandelingen waarbij de belanghebbenden met elkaar
mochten communiceren gedurende onderhandelingen waarin zij tegenover elkaar zaten. Net als bij
het vorige experiment werd het effect waargenomen van de beschikbaarheid van informatie – in het
bijzonder de financiële situatie van de belanghebbenden – op de uitkomst van de onderhandelingen.
In tegenstelling tot de resultaten van het eerste experiment waren de belanghebbenden hier
blijkbaar gemakkelijker in staat om tot een akkoord te komen wanneer meer informatie beschikbaar
was en ze de vrijheid hadden om met elkaar te communiceren door het uiten van hun intenties en
voorkeuren aan hun tegenstanders. Het vergelijken van de resultaten van de twee experimenten in
hoofdstuk 7 en 8 toont aan dat nagenoeg alle betrokkenen doorgaans een eerlijk resultaat zoeken in
de onderhandeling, dat in het onderzoek gedefinieerd is als het evenwicht. Deze resultaten geven
aan dat zowel de overheid als de particuliere sector vaak een wederzijds belang hebben bij het
bereiken van een akkoord met betrekking tot de geplande ontwikkelingen, inclusief bijdragen van de
particuliere sector aan de aanleg van openbare infrastructuur.

Hoofdstuk Negen ‐ Conclusies ...en aanbevelingen voor toekomstig onderzoek
Dit onderzoek omvat een verzameling onderzoeksartikelen die afzonderlijk worden
gepresenteerd in de hoofdstukken van dit proefschrift. Het eerste doel van deze studie werd bereikt
door de constructie van een spel in uitgebreide vorm om de structuur van de strategische
beslissingen in de grond‐ en vastgoedontwikkelingsprocessen vast te stellen vanuit een
speltheoretisch perspectief, in het bijzonder met betrekking tot typische stadsuitbreidingsprojecten
in Nederland. Verder werden de tweede, derde en vierde onderzoeksdoelen bereikt door middel van
de analyses in alle analytische hoofdstukken waarbij diverse speltheoretische modellen werden
gebruikt. In deze studie werden – vooral met betrekking tot het tweede onderzoeksdoel – de voor‐
en nadelen onderzocht en besproken van vier beschrijvende speltheoretische standaardkaders
teneinde de realisatie van openbare infrastructuur via grond‐ en vastgoedontwikkelingsprocessen te
analyseren. Deze standaardkaders omvatten spel in uitgebreide vorm, niet‐coöperatief spel in
strategische vorm, coöperatief spel in karakteristieke functievorm en coöperatief spel in
partitiefunctievorm. De resultaten van de analyses geven beter inzicht in hoe een belanghebbende
verwacht wordt strategische beslissingen te nemen in reactie op de strategieën van andere
belanghebbenden. Dit groter inzicht is het resultaat van onze poging de derde doelstelling te
verwezenlijken. Met betrekking tot de vierde doelstelling bleek uit de speltheoretische modellering
en het experiment dat onderhandelingen nuttige mechanismen kunnen zijn voor het bereiken van
een akkoord dat een efficiënte en eerlijke verdeling biedt van de waardestijging van grond en
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vastgoed. Zoals aangetoond in zowel de modellen als in de experimenten leveren de resultaten van
de analyses inzicht in het meest optimale resultaat – zowel individueel als collectief – gegeven de
specifieke structuur van de onderlinge afhankelijkheid tussen belanghebbenden. De resultaten
geven ook aan dat elke poging om de volledige waardestijging te vangen kan leiden tot een
suboptimale uitkomst. Daarom zouden de resultaten van de modellen ook het argument
ondersteunen dat de overheid niet per se wettelijke maatregelen nodig heeft voor waardevangst ter
financiering van de aanleg van openbare infrastructuur. De overheid zou juist eerder een beter
resultaat kunnen verkrijgen als ze haar aandacht verschuift en haar onderhandelingspositie
verbetert door het scheppen van een situatie waarin zij onderhandelt met particuliere partijen die
geheel – of tenminste gedeeltelijk – afhankelijk zijn van de ontwikkeling van de betreffende
openbare infrastructuur.
De belangrijkste inzichten die kunnen worden afgeleid uit deze studie omvatten enkele
beperkingen die het vermelden waard zijn. Allereerst zijn de speltheoretische benaderingen die op
grote schaal werden gebruikt in dit onderzoek lang het onderwerp geweest van kritiek vanwege hun
starre abstractie als formele kwantitatieve modellen. Met betrekking tot complexe vraagstukken
kunnen de modellen niet alle dynamiek en invloeden omvatten op zowel microniveau (inclusief
politieke overtuigingen en bevoegdheden, verschillende culturen en instellingen,
man/vrouwverhouding en/of tijdsdruk) als macroniveau (inclusief patronen van stedelijke
ontwikkeling, stedelijke mobiliteit en sociale activiteiten). Bovendien kan het evenwichtsconcept van
de speltheorie als statisch van aard worden beschouwd, wat nuttig kan zijn bij het verklaren van de
logica van een zelfhandhavende sociale orde op een specifiek moment (maar niet het proces van
institutionele verandering in de tijd). Verder onderzoek naar de oorsprong en de context van de
intenties van een deelnemer en de bronnen van zijn/haar besluitvormingsgedrag door de integratie
van traditionele institutionele benaderingen, met inbegrip van historische en sociologische
institutionalismen, zijn in dit verband belangrijk. Daarnaast zijn met betrekking tot de discussie over
de financiering van de openbare infrastructuur pogingen om verschillende methoden te analyseren
voor het verbeteren van de efficiëntie van het beheer van de openbare sector met behoud van een
voldoende niveau van investeringen in de openbare infrastructuur ook van essentieel belang. Tot
slot kunnen recente ontwikkelingen in de speltheorie die pogen om meer gedragsaspecten mee te
nemen – zoals psychologische intuïtie, begrensde rationaliteit, cognitieve vooroordelen, etc. –
nieuwe mogelijkheden van onderzoek creëren voor de ontwikkeling van de volgende generatie van
speltheoretische modellen voor de analyse van grond‐ en vastgoedontwikkelingsprocessen.
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