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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 green field 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. 

---------------------------♦----------------------------- 

INTRODUCTION  

In this paper we shall study the problem of determining 
"correct" premium rates for sub-groups of an insurance 
collective. This problem obviously occurs in all 
branches of insurance. However, it seems at present 
to be a really burning issue in automobile insurance. 
We shall show that the problem can be formulated as 
a conflict between groups which can gain by co-
operating, although their interests are opposed. When 
formulated in this way, the problem evidently can be 
analysed and solved by the help of the "Game Theory" 
of Von Neumann and Morgenstern. 

Competition is a 'Key factor' of modern life. We say 
that a competitive situation exists if two or more 
individuals are taking decisions in situation that 
involves conflicting interests and in which the outcome 
is controlled by the decisions of all parties concerned. 
We assume that in a competitive situation each 
participant acts in a rational manner and tries to 
resolve the conflicts of interests in his favour. It is in 
this context that game theory has developed. 
Professor John von Newmann and Oscar Morgensten 
published their book entitled "The Theory of Games 
and Economic Behaviour" where in they provided a 

new approach to many problems involving conflict 
situations. This approach is now widely used in 
Economics, Business Administration, Sociology, 
Psychology and Political Science as well as in Military 
Training. In games like chess, draught, pocker etc. 
which are played as per certain rules victory of one 
side and the defeat of the other is dependent upon 
the decisions based in skillful evaluation of the 
alternatives of the opponent and also upon the 
selection of the right alternative. 

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 concepts. 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 
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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 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 amove, 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 Figure. 

 

Figure: Game tree. 

MODELING APPROACHES 

In general, three conceptual devices have been 
deployed in the conflict literature to capture the 
strategic structure of a game: a game tree is used to 
represent a game in the extensive form; a payoff 
matrix is the basis of the normal or strategic form of 
representation; and a mathematical function that 
assigns a payoff to every player and to every 
combination of players is known as the characteristic 

function form of representation. The extensive and the 
strategic forms are typically used in the analysis of 
two- and, some-times, three-person games. The 
characteristic function form is most frequently 
encountered when an n-person game is under 
consideration. 

The First Wave: Zero-Sum Game Theory - Almost all 
of the early applications of game theory in international 
relations drew upon the theory of zero-sum games 
(see, inter alia, Kaplan, 1957; McDonald 1950; 
McDonald and Tukey 1949; Morgenstern 1959, 1961a; 
and Williams 1954). Since zero-sum games were the 
object of von Neumann and Morgenstern’s attention, 
this should not be surprising. But the first generation of 
applications were also developed during the most 
intense period of the cold war. Hence, they also 
reflected, perhaps unwittingly, the heated political 
climate in the United States. 

The Second Wave: Nonzero-Sum Game Theory - 
The theoretical foundations for the second wave of 
the game theory literature in international relations 
were, once again, laid by a mathematician. This time 
it was John Nash, a co-recipient of the 1994 Nobel 
Prize in economics. (Nash shared the prize with 
John Harsanyi and Reinhard Selten whose work will 
be discussed below.) It was no accident that this 
prize was awarded on the fiftieth anniversary of the 
publication of von Neumann and Morgenstern’s 
opus. 

The Third Wave: Dynamics and Equilibrium 
Refinements - During the third wave, formal 
modelers began to think outside the (2 x 2) box. 
From roughly the early to mid-1980s to the mid-
1990s, there was a distinct move away from static 
strategic form games toward dynamic games 
depicted in extensive form. The assumption of 
complete information also fell by the wayside; games 
of incomplete information became the norm. 
Technical refinements of Nash’s equilibrium concept 
both encouraged and facilitated these important 
developments. 

APPLICATION OF GAME THEORY 

We shall first illustrate the problem by a simple 
example. We consider a group of n1 = 100 persons, 
each of whom may suffer a loss of r, with probability 
P1 = o.1. We assume that these persons consider 
forming an insurance company to cover themselves 
against this risk. We further assume that for some 
reason, government regulations or prejudices of 
managers, an insurance company must be 
organized so that the probability of ruin is less than 
o.oo1 If such a company is formed, expected claim 
payment will be m = n1p1= 10 and the standard 
deviation of the claim payments will be 
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The Theory of Games has as its purpose just to 
analyse such situations of conflicting interests. In 
some cases the theory will enable us to find a solution 
without resorting to arbitrary rules. In other cases the 
theory will make it clear that the problem in its very 
nature is indeterminate, and that some "additional 
assumption" or "arbitrary rule" is indeed required. 

A More General Case - In this Section we shall try to 
build a more general theory on the basis of our 
discussion of the example above. We shall now 
consider m groups. Group i (I - I,...,m) consists of 
persons who are exposed to risk of a unit loss with 
probability pi. We shall refer to this set of groups as M. 
Let S be an arbitrary subset of M. 

We assume that the groups in any subset can form an 
insurance company to protect the members of the 
groups against the losses, and we assume further that 
the safety requirements are the same as in the 
example of the preceding Section (i.e. probability of 
ruin < o.oo1). 

If the groups in the subset S form an insurance 
company, the amount of premium they have to pay will 
be 

 

where summation is over all members of S. 

LIMITATION OF GAME THEORY 

Infinite number of strategy - In a game theory we 
assume that there is finite number of possible courses 
of action available to each player. But in practice a 
player may have infinite number of strategies or 
courses of action. 

Knowledge about strategy - Game theory assumes 
that each player as the knowledge of strategies 
available to his opponent. But sometimes knowledge 
about strategy about the opponent is not available to 
players. This leads to the wrong conclusions. 

Zero outcomes - We have assumed that gain of one 
person is the loss of another person. But in practice 
gain of one person may not be equal to the loss of 
another person i.e. opponent. 

Risk and uncertainty - Game theory does not takes 
into consideration the concept of probability. So game 
theory usually ignores the presence of risk and 
uncertainty. 

Finite number of competitors - There are finite number 
of competitors as has been assumed in the game 
theory. But in real practice there can be more than the 
expected number of players. 

Certainity of Pay off - Game theory assume that payoff 
is always known in advance. But sometimes it is 
impossible to know the payoff in advance. The 
decision situation in fact becomes multidimensional 
with large number of variables. 

Rules of Game - Every game is played according to 
the set of rules i.e specific rules which governs the 
behaviour of the players. As there we have set of rules 
of playing Chess, Badminton, Hockey etc. 

Strategy - It is the pre-determined rule by which each 
player decides his course of action from his list 
available to him. How one course of action is selected 
out of various courses available to him is known as 
strategy of the game. 

CONCLUSION 

The particular results which we have arrived at in the 
preceding sections obviously depend on our very 
arbitrary assumptions about the safety requirements 
of insurance companies. It is, however, clear that the 
whole argument could be carried through with safety 
requirements or equivalent restrictions in a different 
form. It might have been more realistic if we had 
considered administrative costs instead of safety 
loading. We can for instance assume that these costs 
in an insurance company depend on the number of 
policies n, and on the number of claim payments m. 

If we assume that the cost function is of the form 

 

the expected cost of an insurance company formed 
by Group i will be 

 

Hence this model is substantially the same as the 
one we have studied in the preceding sections. The 
gain will in this case be a saving in administrative 
cost. 

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 modeling 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 
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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. 

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. 
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