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Abstract

A two agents non-cooperative model is applied in the context of tourism. It is
shown that a sharing of resources between the public and private sector gives an
optimal solution which is stable in the sense that for both agents the deviation
from the optimal solution is not convenient. The optimal solution corresponds to
the social optimum.
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1 Introduction

Tourism is a typical industry in which externalities are present due to the access
to common resources (Tyrrell [1], Sinclair [2]). The problem is under the
so-called “tragedy of commons” (Hardin [3], Ostrom [4]) in which each
economic subject is trying to maximise his own profit from common resources
like the environment. Action has to be undertaken by the public sector (local,
regional or national authorities) in order to re-allocate the non-optimal
equilibrium arising from such externalities. This paper is a short note concerning
the application of game theory to a situation in which the private sector and the
public one are the agents in a non-cooperative game. Some application of game
theory to social conflicts is reported for instance in Binmore [5].

2 A two-agent model

A two agents model is considered to investigate the optimal solutions. The first
actor is the private sector, the second the public services.
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where:
q is the number of tourists; o are the expenditures by the public sector
(investments + social costs).
IT is the net profit of the private sector from tourism; C(.,.) is the costs for
producing F(q) depending also on o (e.g. tax wages ).
S is the public sector benefit including the social costs D(.,.) depending on the
size of the tourism pressure and on expenditures. f is the fraction of ® returning
as income for instance from taxation.

The first order conditions (i.e. optimisation of each agent utility without
taking into account the other factor) would give:

o oC oC

F'(q)——=0= pF'(q) =—
P F'(q) aq (@)= o0
6S oD
80) PP PP ow (H

Now let us consider the social utility given as usual by:

=T+

so that the optimal value for q and ® are obtained by solving:
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The optimal values (q*, a)*) obtained by Egs. (2) are of course different
from those obtained from the first order conditions (1). The equilibrium is a
Pareto optimum. Now a key question is:

What happens if one agent moves from the social optimal value (¢ ,®")

trying to increase its own profit?
Non-cooperative game theory ( see for example Gibbons [6]) will help us in
order to tackle the problem.
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Let’s consider the following pay-off matrix (Prisoner’s dilemma):

I/ s Cooperate Defect
Cooperate  (q",0") (+,-)
DefQCt (_a+) (_a_)

where + indicates an increasing of the profit, while — indicates a decreasing. For
instance (+,-) means that agent IT defecting while S stay on the social optimum
increase its profit causing a decrease of the utlity of S. From this it is evident
that there is a clear incentive to defect for both agents. This is a typical situation
also in environmental problems related for instance in the CO2 emission treaties.
The situation (-,-) is a Nash equilibrium for the non-cooperative game and it
constitutes a much strong condition than a paretian optimum. It is clear that this
solution is an incentive to defect.

To overcame the problem of the incentivation of defecting, a shared profit
problem can be posed. This approach has been established for instance in partial
equilibrium models of externalities in firm interacting production problem,
(Runge [7], Varian [8]). Let’s considered, for the private and public sectors the
following situation of mixed capitals:

I1° = ull+(1-v)S 3)
(0<u<1; 0<v<1)

S*=0-w)l +vS§

The meaning is that both the private and public sector will share their
“profits” (measured by u and v) among them. This can be done for example by
the participation of public capitals into private holdings.

The optimum for the private sector is given by solving:

o’
oq

oC oD
= upF'(q)—{uE+(l—v)a} =0

All the mathematical results depends on the assumption made for the
structure of the cost and production function such as: continuity, convexity,
existence of extrema . We will assume in the following that functions are “good
functions”.

The first condition gives:

“)
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Now, if u=v=1/2 (symmetric generosity rule) the individual optimum given
by (4) is coincident with the social optimum from Eq. (2). The same for the

public sector S. Thus, the equilibrium solution is (q* , a)*) . What happen in this

case to the robustness of the equilibrium against incentives to defect? Let’s go to
the pay-off matrix. In this case:

I1/8 Cooperate defect
Cooperate (¢, ) (=)
DefeCt (_’_) (_:_)

There is no incentive to defect. The equilibrium (g", @) is stable.

3 Conclusions

The idea here expressed, even through a naive model, is that by sharing the
resources of public and private sectors in the tourism industry, could be a way
for sustaining the social optimum.
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