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SUMMARY

The government of common agricultural and forestry land is a topic that
is currently enjoying a revival of interest. Many local communities have
shown the ability to pursue sustainable use of natural resources thanks to
their self-governed authorities. In this context the relationship between
public and private interest which is established in use of the resource is a
fairly controversial. The paper proposes a dynamic model to analyse the
behaviour of a user of a common property resource in a “real option”
framework, where the value of the right to use the resource is affected by:
1) uncertainty on the future amount of the resource; 2) entry and exit
costs and 3) the number of users competitors.
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1 Introduction

The collective use of natural resources, first and foremost agricultural and
forestry land, has been an important factor in the social and economic evo-
lution of many rural communities. Local historiography is, in fact, dotted with
episodes directly or indirectly linked to the exercise of collective rights over
private land or the government of common property land. The mixture of pub-
lic and private rights in the use of land has very ancient origins (Forni, 1972;
Sereni, 1955) and is probably linked to the practical impossibility of enforcing
property rights over all the benefits produced by the land and/or the expediency
of tailoring the procedures for use of the specific benefit to its characteristics
(economies of scale, organisation of work, aversion to risk)?.

From their origins to the present day, collective uses have undergone con-
siderable changes, all directed to a progressive reduction of their role, in favour
of substantial privatisation (Merlo, 1995). There are various reasons for this
trend: a) the establishment of central national authority over the local power
of the communities; b) the pressure exerted by the great landed property over
public lands?; ¢) the expediency of removing impediments preventing rational
cultivation of the land (Acerbo, 1924)3.

The historical vicissitudes of common property can be interpreted also by
analysing the relationship between evolution of the productivity of the land and
the level of social and economic development:

e where productivity was subject to rapid appropriable improvements, in
general a gradual privatisation of common property has occurred, as for
example in the common property lands of the northern plain of Italy;

e where productivity is modest (forestry land, marginal grazing land) and
social and economic development is good, common property has been
maintained and is undergoing transformation into institutions with mainly
social and environmental objectives: Communities of the Eastern Alps;

e where productivity is modest and social and economic development is
behind, common property has been maintained for mainly economic pur-
poses but it has not produced strong enough institutions to cope with the
change of roles which it will sooner or later be called upon to undertake:
common lands of the marginal areas.

1For example, aversion to risk can encourage collective forms of use of a given resource
with uncertain availability. In this way the risk is shared by the entire community, reducing
the possibility of one of the members finding himself in an untenable situation.

2This happened mainly in the case of public property land. For example in the Veneto
countryside in the seventeenth century many of the rights to the use of common land for
grazing, collecting straw and leaves for animal bedding and gathering firewood were alienated
by the Venetian Republic under the pressure of the requirements of war against the Turks and
the emerging landed aristocracy (Pitteri, 1984).

3In this regard see law no. 1766 of 16th June 1927 on the reorganisation of common
property and subsequent additions.



In some rural areas, therefore, where the tradition of local government was
more firmly rooted (alpine areas) or where the difficulties of private economic
exploitation were greater (marginal grazing lands), forms of collective land use
have survived. The reasons for this phenomenon are many and difficult to
classify as various environmental, economic and political factors are involved,
the analysis of which goes beyond the scope of the paper.

These situations, however, appear to be united by the need to reorganise
action according to new environmental objectives. Analysis of the relation-
ship which these communities have succeeded in establishing with the natural
resources governed therefore constitutes an element of considerable topical in-
terest. In fact, contrarily to the forecasts of the theoretical models on the
use of common property goods (Hardin, 1968; Ostrom, 1999) there are signifi-
cant examples of how some of them have succeeded in establishing a balanced
relationship with the surrounding environment, to the extent that use of the
resources can be defined as “sustainable”?.

Analysis of the success of these institutions in the government of common
natural resources cannot disregard the relationship between private use and
public interest. In fact, pursuit of the objectives of the communities in govern-
ment of the resources requires the adhesion of the subjects involved. Often the
social benefits produced by common government are linked to productive use of
the resources by private individuals. In this case private use is combined with
a positive external factor®: public benefit.

This study proposes a model which, with reference to a ”typical” holder of a
collective resource use right, permits assessment of the expediency of using or not
using it according to his current state (user or non-user). As the decision shares
the characteristics of the majority of investment decisions, i.e. it is a choice
which always has a certain irreversible component, it is taken in the presence
of uncertainty as to the extent of the future benefits and it is a decision that
can, to a certain degree, be postponed, it is reasonable to assume that the best
choice must satisfy slightly more restrictive conditions on expected utility than
those suggested by the usual present net value. Uncertainty in the availability

4The definition of sustainability in the use of resources and in development is highly con-
troversial (Howarth, 1997). However, if we assume as reasonable the definition given by the
Brundtland commission ”sustainable development is development that satisfies the needs of
the present without compromising the needs of the future” (WCED, 1987) and the analytical
consequences in terms of "non-decreasing utility” in the long term (Pearce and Turner, 1990),
development of the relationship between local communities and natural resources that has been
established in many of these institutions can undoubtedly be defined as”sustainable”. On the
role of collective properties in the government of natural resources, see also Franceschetti
(1999).

5The definition of externality is fairly elusive. In this context, an enlightening definition
is the one proposed by Baumol and Oates (1988, p.17-18) who subordinate the presence of
externalities to two conditions 71) . . . . . whenever some indiidual’s (say A’s) utility
or production relationship include real (that is non monetary) variables, whose values are
chosen by others (persons, corporations, governments) without particular attention to the
effects on A’s welfare; 2) The decision maker, whose activity affects others’ utility levels or
enters their production functions, does not receive (pay) in compensation for this activity an
amount equal in value to the resulting benefits (or costs) to others”.



of natural resources implies that there can be future conditions that may vary
present expediency. The irreversibility of certain costs, both entry and exit,
means that, if the user opts for a certain decision, he will not be able to recover
the related cost. Finally, the expediency of waiting to decide enables him to
acquire more information and therefore reduce the probability of regretting the
choice made. Having said this, the choice the user (actual or potential) has
to make can be compared to a “real option” or a right, but not obligation, to
make or divest himself at any time of an investment at pre-set conditions and,
therefore, the uncertainty as to the future benefits brings out a value linked to
the expediency of postponing the choice®.

The model was used to test the entry and exit conditions in use of the re-
source in the presence of certain factors such as uncertainty and investment /disinvestment
costs. The study of these conditions holds a certain interest as the effectiveness
of the management and the economic and social efficiency of these institutions
is closely linked to collective participation in use of the shared resource. Exces-
sive use or, more often, abandonment can lead to profound modifications in the
institutional set-up and the ability to pursue the set purposes.

2 Common property goods or pure public goods?

Before illustrating the model that represents the behaviour of the user of the
common property resource it is useful to correctly focus on the use of the com-
mon resource from the economic point of view in order to clearly define the
boundary conditions. From this point of view the reference to the theory of
public goods which usually classifies economic goods according to rivalry and
excludability in consumption is immediate (see table 1)7.

Table 1 - A general classification of economic goods

6In other words the user, actual or potential, clearly perceives the benefits deriving from
the possibility of postponing the decision (value of the option) in the absence of reliable
information on the future evolution of the usable resource (Freeman, 1984) and in the presence
of non-reversible costs (Conrad, 1999). A recent manual by Dixit and Pindyck (1994) provides
a thorough survey of this approach applied to various economic questions.

"The classification does not take account of the legal status (public or private) of the
owner and is based exclusively on the way in which the goods are used. There is rivalry in
consumption when the use of goods by an individual is not compatible with that of other
subjects. The same amount of goods cannot be used by several subjects and the increase in
users necessarily involves an increase in the availability of the goods. On the contrary, "non-
rival” goods and services are characterised by the fact that their utilisation by an individual
is compatible with consumption by one or more individuals. An increase in the number of
users does not necessarily determine an increase in the quantity of the goods utilised. On the
other hand, excludability in consumption exists when it is possible for the holder of certain
goods to exclude, and therefore select, the users from the benefits produced by the goods.
This depends on the concrete possibility of asserting property rights over the goods produced
or owned (Brosio, 1986; Ostrom et al., 1994).



Excludability | Rivalry | Type of goods
Difficult Modest | Pure public goods

High Common-pool resources
Easy Modest | Toll goods

High Private goods

Examination of the table shows that common resources fall into the category
of common-pool resources. This classification, however, is not of great use in
identifying the reasons for the success recorded by some communities in con-
serving common resources: there are considerably more complex questions than
those that can be described via the above pattern.

It could be useful to study excludability in further detail. The latter, in fact,
could be assessed with respect to two distinct points of view: the user and the
quantities used (see table 2).

Table 2 - A classification of rival consumption goods according to the type of

excludability
Excludability
Quantities used | User Type of goods
Easy Easy Private goods
Difficult Difficult | Common-pool resources
Easy Common property goods

It is obvious that if the excludability is realisable for each specific unit of
resource, it is implicitly realisable also for the user: this is the case of private
goods. On the contrary if it is difficult to monitor the quantities used and
the users, we have the case of the so-called “commons” and the predictable
“tragedies” well described by Hardin (1968).

Finally, there are cases in which it is possible to perform an effective control
on the users whereas control of the quantities actually used is much more uncer-
tain. This is the case of property in small communities where the persons with
the right to use of the resource are easy to identify but it is much more difficult
to know the amount of resource actually collected due to the laboriousness of
the related controls and uncertainty as to the amount of resource available at
the time of collection ®. The uncertainty on the quantities used by each person
with the right to use of the resource could be mitigated by knowledge of the
technology available or admitted for use of the common resource. The condi-
tion for the constitution of institutions for the government of common resources
therefore appears to be the possibility of exercising sufficient exclusion from use
of those who do not have the right to said use. In fact, it would be pointless for

8For example, it is very difficult to know the exact amount of mushrooms, fish or game
available for the user in a certain context due to the variability in the environmental and
meteo-climatic conditions.



a community to create rules for the use of a resource if external subjects can
access it undisturbed.

The possibility of circumscribing the community of users is not sufficient,
however, to explain the success of some communities in the management of
environmental resources. Various authors have underlined that the reasons for
this should be first of all sought in ethical and cultural factors and, definitively,
in the value attributed by individuals to membership of communities with well-
established traditions. The considerable difficulties in reconstructing common
government of resources where it has been abandoned in the past (Edwards,
1998; Merlo, 1995) support this theory?.

The question was dealt with in depth by Elinor Ostrom (1996, 1999) by
studying communities that boast a consolidated tradition in the government
of common resources. The reason underlying the success of the communities
examined appears to lie in the ability to adopt appropriate rules for use of the
common resource and in observance of the same. This ability can, at least
partially, be traced back to the characteristics of the resource and the users.

e Characteristics of the resource (CR):

1. the establishment of common rules must be able to substantially improve
the benefits produced by the resource;

2. it must be possible to easily monitor the resource and at low cost;

3. it must be possible to make sufficiently reliable forecasts on the future
trend of the benefits deriving from the resource;

4. the resource must be of limited dimensions with respect to the technology
available in order to permit the users an accurate knowledge of its borders
and characteristics.

e Characteristics of the users (CU):

1. the well-being of the users must depend largely on the resource;

2. the users must have a good knowledge of how the resource is made available
and the implications of their actions;

3. the users must discount the future benefits of the resource at a relatively
low rate;

4. the users constitute a close-knit and loyal community;

5. the users must have sufficient decision-making independence in establish-
ing the rules for use of the resource;

9In this regard it is helpful to remember the regional law no. 26 dated 19.8.96 “Reorgan-
isation of rules” in which the Veneto Regional Authorities explicitly recognised the role of
common property in safeguarding the environment and local development and laid down the
rules for promoting their reconstitution.



6. the users must have minimal organisational and managerial experience.

The complex of characteristics well suits the communities which over the
centuries have succeeded in establishing shared and respected rules. It is inter-
esting to note that, as a whole, the above-mentioned requirements contribute to
defining the typical macrocriteria of expediency (CR1, CR2, CR3, CF1, CF3)
and feasibility (CR4, CF2, CF4, CF5, CF6). Therefore, the conditions required
for the realisation of common management of resources are fairly restrictive: in
fact, they constitute the exception and not the rule.

Alongside the characteristics of the resource and the users of it, the require-
ments for the institution governing use of the resource to ensure its perpetuation
have also been identified.

e Characteristics of the institution (CI):

1. the rights of the users must be clearly defined (excludability of users) and
there must be a precise identification of the resource (CR4);u

2. the rules for use must be coherent with the local socio-economic conditions;
all the users must be able to participate in definition of the rules (CR5);
the controls must be effective (CF4);

the sanctions must be gradual and effective;

the solution of conflicts must be rapid and efficient;

N ook W

the community holding the resource must have the right and the ability
to organise itself (CF5, CF6).

The set of rules illustrated above constitutes the foundation of the so-called
“institutional” approach to the government of common property resources and
forms the framework within which analysis of user behaviour is performed with
the tools typical of the game theory. The use of said analysis tools presupposes
that it is possible to assess the advantages and disadvantages connected with
the choices that each user (player) can make. In other words, that a function
able to represent the value of the benefit obtainable in the different situations
is available. The following paragraph presents a model for assessment of the
benefit of the user in order to represent the dynamics of his choices.

3 A model for the use of common property re-
sources
In the previous paragraph the main economic characteristics of common prop-

erty resources have been described, attempting to identify the distinguishing
elements with respect to open access goods.



The focus now moves from examination of the system characteristics to
analysis of individual user behaviour. The analysis was performed presupposing
that there is a certain co-operation (see also CF4, CI3, CI4) between the users
and respect for the common rules. Under this assumption, modelling of the
interactions between the competitors normally achieved by means of the classic
tool of non-cooperative games (Ostrom et al., 1994; p. 51-73) takes second place
with respect to analysis of the expediency of the individual user and the main
factors conditioning the benefit!®.

Generally speaking, the expediency of using a common resource is assessed
by pondering the costs and benfits deriving from use. Furthermore, since the
assessment can be made at any time, it is not sufficient for the current benefits
to exceed current expenses; it is also necessary for the net benefit to be greater
than the net benefit obtainable by exercising the right of use at any future time.
The latter requirement is very important when using resources of biological
origin, the utility flow of which varies due to natural causes such as seasonal or
annual variations or due to anthropic causes such as environmental renewal and
draw-off by other activities.

Let’s consider a potential user of a resource who assesses, at a given time,
the expediency of using it and who has to submit to the following boundary con-
ditions, which summarise and integrate those illustrated in the previous para-
graph.

1. the right cannot be bought or sold but is acquired with the occurrence of
particular conditions (residence, inheritance, etc.);

2. the holder of the right is free to use it or not and renunciation of use of
the right does not involve any compensation;

3. the decision to exercise the right always generates a non-recoverable outlay
(irreversible investments);

4. the decision to cease exercise of the right of use can generate non-recoverable
exit costs;

5. the decision to exercise the right, interrupt or resume use can be taken at
any time;

6. the decision to exercise the right involves the production of a negative
external factor affecting the other actual users and due to the resource
subtracted by the user;

7. the user respects the rules established by the community for use of the
resource.

Assuming the previous boundary conditions, construction of the model pre-
supposes the definition of a benefit function. The latter depends, given that the

10The interactions between users is beyond the scope of the paper as well as the type of
equilibrium that users may form at aggregate level.



market prices and technology available or permitted are known, on the quantity
of resource that is expected to be obtained. Therefore, the instantaneous net
benefit expected by the user of the resource is given by the following function
B(x¢;nyg), with B, > 0 and B,, <0, where x; is the stock of resource at time ¢
and n; indicates the number of rival users drawing on the same stock at the same
time. The number of potential rival users can vary between 0 and n (maximum
number of persons with the right to use the resource). n can be considered
constant for the rest of the analysis, since the number of persons with the right
to use of the resource changes very slowly!!.

The number of rival users is inserted in the benefit function as it is assumed
that the instantaneous quantity of resource available for each user is negatively
correlated with their number due to a competition effect 2. Therefore, an
increase in real rivals produces a reduction in benefit, i.e. B, < 0.

The amount of the resource considered is measured by a variable x; which,
it is assumed, satisfies the following stochastic differential equation'3:

dee = plxg;ng)dt + oxydWy, with g =z, 0 > 0. (1)

M(wt;nt) = ’Y(l‘t)xt—h(l‘t,”t)”t

In the equation (1) y(x;) represents the expected natural growth rate of
the stock and is decreasing with respect to the amount of the stock itself x;'4;
h(z+,m¢)ny is the expected individual collection rate multiplied by the number
of users present at time ¢ and represents the reduction of the stock produced
by use on the part of the competitors. This reduction is generally positively
linked to the consistency of the stocks. The expected individual collection rate
is positively correlated with the consistency of the stock and negatively with
the number of rival users'®.

The model also incorporates the possibility of some chance factors, such
as meteorological and climatic trends, affecting the stock and the growth rate
of the biomass. The term ox; is the measure of the variability and dW; is
the differential of a Brownian motion with mean E(dW;) = 0 and variance

I1In fact, years of residence are usually necessary to be admitted to use of the common
resource.

121t should be noted that the problem faced by a single user who shares the resource with
others differs from the one of the policy-maker who considers the aggregate benefit of all the
users. In this context the user, if rational, will include an assessment of the stock in his benefit
function and this assessment will vary inversely with the number of rivals present (Arnason,
1990).

13For an introduction to differential stochastic equations and Brownian motions, see Cox
and Miller (1965), and Harrison (1985).

4 The models most widely used to optimise the use of renewable resources incorporate
processes of autolimitation of the growth rate as the stock grows (Clark, 1990).

15This assumption is in line with the classic approach to modelling of the use of renewable
resources where the effort spent in collection (E), understood as the aggregate of capital,
energy and work employed in a certain interval of time (Schaefer, 1954) necessary for the
collection of a certain quantity (h) of resource, is inversely proportional to the consistency of
the stock (z).



E[(dW;)?] = dt'S.

A simple reduced form for p(zi;n:) could be identified by the following
expression: p(xy;ng) = p(ng)x, with g'(ng) < 0 to take account of the fact
that an increase in competitors reduces the growth rate of the stock of resource
available '7. In this way, 2; becomes a geometric Brownian motion:

dry = p(ng)xedt + oxy dWy, with 2o =z, 0 > 0. (2)

which allows us to obtain a closed solution for the value of the right to use of
the resource.

3.1 The value of the right to use of the collective resource

The right of use consists in the faculty to draw on a certain common resource
for a certain period, in the places prescribed and according to established pro-
cedures. In other words it can be considered as an asset that provides an in-
stantaneous benefit B(z;n:) which depends on the level assumed by the stock
of resource and the number of users. We assume, without losing out in general-
ity, that n; is constant and equal to the maximum number of users n. We also
assume for B a functional form of the type:

B(xzy;n) = B(n)2$, with 0<&<1 (3)

It is now possible to identify the amount of the net benefit produced by the
common resource at time ¢. This benefit will be different depending on whether
the holder of the right is exercising it or not. For an individual who is actively
using the resource, the net benefit is expressed, at time ¢, by the function:

m(z;n) = B(n)at — ¢ 4)

The fixed costs we consider here are, as standard in the literature, flow fixed
costs of production: that is, we assume that the user begins the first period

16The specification of the variability adopted in the (1) could be enriched, without in any
way altering the results obtainable, with the representation of sudden variations in the stock
of resource caused by exceptional external events such as pollution, fire, poaching etc. In this
case the (1) becomes:

dze = p(ze;ne)dt + oz dWy + 20dQy,
where dQ; is the variation of a Poisson process, independent of Wy, with mean arrival time
A. The process dQ¢ then has the following probability distribution:
dQ; = 1) with probability Adt
t=1 0 with probability 1 — Adt

In this regard see Moretto and Rosato (2000).
17See Moretto and Rosato (2000) as to abtain this form of the growth rate of the stock.
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endowed with an unit of capital the operation of which entalils a flow cost ¢ per
unit of time. If, on the contrary, the holder of the right does not exercise it, we
will have 7(z¢;n) = 0. Yet, the holder of the right sustains a sunk cost & > 0
whenever s/he wishes to make this right operative!® and an exit cost equal to
[ > 0 if s/he renounces use of the resource!”.

Since, from (2), the actual user is aware that the stock of resource available
can increase and diminish with a positive probability, it is evident that s/he can
continue using the resource even in particularly adverse conditions in the hope
of avoiding the exit cost [ and/or any re-entry cost k& . In the same way, the
potential user will decide to activate the process of utilisation of the resource
only if the expected benefit is considerably higher than the entry cost &, in order
to take account of the possibility of it worsening following a negative fluctuation
of x;.

As highlighted by Dixit (1989) and Moretto (1996), the decision to keep or
exercise the two options available to the user must be taken with respect to
two thresholds x;, and xg, with x; < xy, in the resource stock x;. An actual
user will find it expedient to continue in his/her activity as long as the stock of
resource remains above the minimum level defined by zy, but will suspend use
as soon as x; drops below xy. On the contrary, an individual who has to decide
whether to exercise his/her right will activate utilisation only if the stock rises
above the threshold zz. As long as x; does not exceed this threshold, his/her
optimal strategy will be to wait, without exercising the option (right) of use the
resource.

Assuming that there is homogeneity among users and that each one decides
whether to activate or not utilisation of the resource in order to maximise his/her
discounted value of future expected net benefits, it is possible evaluate the right
to use of the common resource in the two possible situations:

e actual use;
e potential use.
Defining W1 (z) as the value of the right to use of the collective resource by

an individual who is actually using the resource, we get:

T
Wi(z) =F /e*pt[B(n);vf —cdt|xo=x p + (5)
0

181t should be noted that if the holder of the right decides to resume use of the resource
s/he will have a new outlay equal to k, as it is inherent in the assumptions (Dixit, 1989).

19 As pointed out by Tirole (1988, p.307), fixed costs are indipendent of the scale of produc-
tion and are locked in (sunk) for the short lenght of time that defines the production period.
For natural resources extraction, ¢ may reperesent the amonut of money spent by the user
to reach the resources site, while k could be referred to the capital, not fully reconvertible,
necessary for the use of the resource. The expense I, on the other hand, could be referred to
restoration of the initial conditions of the resource.

11



+E {e " Wo(zr) =] | w0 =2}, forall z€ (xg,00)

where p is the discount rate and Wy(x) represents the value of the right to
use the resource by an individual who is not actively using it. This “potential”
value is calculated at time Ty, = inf(¢t > 0 | 2; < 1) when the user will refrain
from exercising his/her right, and x, is the threshold that has induced him/her
to refrain from use.

If, on the other hand, an individual is in the position of being a potential
user, his/her optimal strategy will be to implement utilisation only if the stock
of resource reaches the threshold level 2y . Since s/he receives no benefit from
the resource while s/he is waiting, we get:

Wo(z) = E{e "™ [Wy(zy) — k] | zo =z}, forallthe x € (0,2y), (6)

where Ty = inf(t > 0 | 2y > xy) indicates the moment, and zy the threshold,
at which it will become expedient to activate the utilisation process.

3.2 The user’s optimal strategy

The model described in the previous paragraph enables us to identify the optimal
strategy of the user, actual or potential, with regard to the common resource.
This strategy takes the form of the choice between the options described in table
3.

Table 3 - The options in use of the common resource

Initial situation | Possible options State of the resource
Uses Continues to use Ty > L

Stops using Ty < T,
Does not use Continues not to use | z; < zg

Begins using T >TH

The optimal strategy is identified by solving a dynamic programming prob-
lem. >From equations (5) and (6) the solution for W; and Wy must satisfy the
following conditions (Dixit, 1989; Moretto 1996):

I'Wi(z) = —[B(n)z® — ¢, for x € (xp,0) (7)

I'Wy(z) =0, for z € (0,zx) (8)

where I' indicates the differential operator:

_ D1 507 I 1 ) L
F——p—&—umax—i-QU T with ,uzg,u(n)—2§(§—1)a and 6 = &o.

12



The operating constraints are:

Wi(wr) = Wolwr) =1 (9)
Wolwn) = Wi(en) -k (10)
Wi(wr) = Wy(L) (11)
Wo(wn) = Wi(wn) (12)

The four equations (9)-(12) indicate the usual conditions of value matching
and smooth pasting for identification of the optimal strategy. The value match-
ings (9) and (10) require the indifference of the user at the time of switching
from the status of actual user to that of potential user and vice versa. The
smooth pastings determine optimality for the threshold values xy and zg.

Together with the equations (9)-(12), the solution of the differential equa-
tions (7) and (8) requires certain boundary conditions:

Ilggo{wl(z)—(i(%)f—ﬁ}o and lim Wo(z) =0 (13)

where the term ﬂ'—i%g — ﬁ indicates the present value of the future expected
benefits which the actual user expects to obtain from indefinite use of the re-
source (Harrison 1985, p. 44). To guarantee the positivity of this term we need
to assume p — 1 > 0.

From the linearity of the differential equations (7) and (8) and using (13), it
is possible to show that the value of the right to use the collective resource for
an actual user is given by:

3
Wi(z) = Ajz™ %+ <% - E) for all = € (xp,00) (14)

and for a potential user:

Wo(z) = Agz™*P for all z € (0,zg) (15)

3 X
with —a < 0 and 8 > 1. Having indicated with ﬂ;—iﬂ& — % the present value of
the future expected benefits, the additional terms A;2~ and Agz™” indicate

13



the value of the option to suspend or activate use of the resource, respectively.
It therefore follows that the constants Ayp and A; must be positive. These
constants, together with the thresholds x; and xj, are obtained by solving the
system (9)-(12).

Due to the non-linearity of the system (9)-(12), it is not possible to obtain a
closed solution for x;, and zg. However, it is possible to obtain some properties
of x;, and zg. The characteristics of the entry thresholds of the potential user
and exit thresholds of the actual user can be deduced from the following propo-
sition where the interval is defined within which to find the optimal threshold
values (see Appendix).

Proposition: If ¢ > pl, the threshold for abandonment of use of the resource
satisfies the inequality:

=

a p—
B(n)zs >
(s >

(c—pl)

—_

The threshold for activation of use of the resource satisfies the following
mequality:

<
)

(¢ + pk)

The proposition highlights two bounds, lower and upper, within which to
identify the optimal thresholds. A first analysis shows that these limit values
are simply the Marshall long-run average costs (¢ — pl) and (¢ + pk) multiplied
by a factor, ﬁu < 1 and B%IJ_;E > 1 respectively, which accounts for the
irreversibility of the decision to abandon or activate the use of the resource.

In this regard, the classic microeconomic approach clearly shows that the
potential user should activate use of the resource if the benefit exceeds the
long-run average cost, where by long-run average cost we mean the cost ¢ plus
the annual interest (annuity) on the investment pk. In the same way, an active
user should consider the expediency of abandoning use of the resource if the
benefit drops below the average costs c¢. However, if there is an explicit cost
of abandoning the activity [, the user should take account of the interest s/he
would save by postponing the exit, i.e. ¢ — pl.

Furthermore, the proposition maintains that if the user has to take a decision
under uncertainty and such a decision involves non-recoverable costs both at
entry and exit, the static Marshall thresholds are no longer valid. The optimal
values can be “considerably” different: for activation, the potential user waits
for the benefit to rise well above the long-run average cost before starting to use
the resource, and before abandoning it the actual user waits for the benefit to
drop well below the average exit cost.

Obviously if ¢ < pl, the trigger value zy is placed equal to zero and the
option to abandon loses value, which is equivalent to placing 4; = 0 in (14).
Therefore:
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Corollary: If ¢ < pl, the threshold for abandoning use of the resource is
equal to x;, = 0, while the threshold for activation becomes:
B p— i
B(n)a, = === (c+ pk

4 Some comparative statics

The results obtained in the proposition can be used to assess the effect of changes
in the boundary conditions of use of the resource. By the dynamic structure
of the model, the simulations were performed essentially for investigating the
trend of the entry and exit threshold values. Analysis of the thresholds permits
evaluation of the effect of a certain action on the direction and stability of
evolution of use of the common property resource.

The following table shows the possible states in use of the resource that
can be obtained by comparing the amount of the resource with respect to the
thresholds (zr,, 2y ) and with respect to the extent of the difference between the
same, which can be defined as the hysteresis range (Ayy = xy — xr). This
difference can be considered a prozy of the stability of the system: the greater
the interval A gy, the greater the fluctuations in the availability of the resource
that do not affect the decisions of the user.

Table 4 - Dynamics of use of the common resource

Hysteresis (Apyy)
Resource situation Low High
Ty < X Unstable abandonment | Stable abandonment
rp <x < Ty Unstable stagnation Stable stagnation
Ty < Ty Unstable use Stable use

Examining the results of comparative statics, the effect of the following fac-
tors was taken into consideration:

1. the non-recoverable cost of entry (k) and exit (1);
2. the flow fixed cost (c);
3. the uncertainty (o);

4. the number of rivals (n).

The simulations of the entry cost (k) highlighted that as it increases, the
level of hysteresis (Apr) increases. In other words, the threshold values diverge
as the entry cost increases (‘%gi > 0, ‘%CL < 0). The formal demonstration of
this result can be found in Dixit and Pindyck (1994, chap.7). In any case, this
result is also intuitively justified: the potential user postpones implementation

of his decision as the cost increases and, therefore, xy increases. Moreover,

15



this trend can also be derived from the classic microeconomic approach. It is
also interesting to note that as k increases, x; diminishes and, therefore, the
tendency to abandon use of the resource once activated. In fact, as the amount
of the resource available is uncertain, there is the possibility that use of the same
will become once again expedient in the future. In this case, continuing use,
the user can avoid running into the increasing non-recoverable expense k. As
the cost k increases, the value of the option to abandon increases and therefore
the expediency of retaining it increases. The increase in the entry cost k always
results in a stabilisation of the current situation: in fact the threshold values that
make it expedient to exercise any option (entry or exit) become more remote.

This result allows us to throw light on the effect of possible incentives to the
entry of users of common resources. The incentive that involves a reduction in
the non-recoverable entry costs causes the thresholds to converge and therefore
makes the system more flexible, both at entry and exit.

Similar results are obtained by increasing the exit cost (). In fact, the
threshold values diverge as the exit cost grows (dng >0, dzl”—f < O). The expla-
nation, both formal and intuitive, is similar to the previous one: if the exit cost
increases, the expediency of continuing use will be strengthened, postponing the
recovery costs. Likewise, for the potential user, an increase in the exit cost is a
disincentive to activating use of the resource as it means an increase in outlay to
be sustained if the resource contracts in the future, making use of it no longer
expedient.

The model enabled us to highlight that the existence of non-recoverable
costs, both entry and exit, generates the divergence between the entry and exit
thresholds. Obviously, if these costs are not present, the decision is perfectly
flexible and the threshold values in the benefit converge at the operating cost

{limhho B(n)z%, B(n)zi = c}. In this case, the threshold value, unique, in-

. 1 .
creases as the flow fixed cost increases (%ﬂ > O). A resource for which the

fixed costs associated with operation increase will be more difficult to use and
will be abandoned more easily.

The analysis performed so far could have been carried out using traditional
economic analysis tools. The model permits a more detailed study of the effect
of the uncertainty, however. In this regard it is possible to demonstrate that
an increase in the uncertainty relating to the dimension of the future stock of
the resource (o) always entails an increase in the hysteresis (Agy) i.e.: %2 >

0, %“ < 0. In fact, it is easy to demonstrate that %g < 0, therefore an increase
in o increases the multiplication coefficient E% Likewise, it can be shown that

g—g‘ > 0, so that an increase in ¢ reduces the multiplication coefficient ﬂLa The
overall effect of an increase in uncertainty is to increase the difference between
the optimal threshold values z g and zy,.

Uncertainty, therefore, amplifies the effect of the non-recoverable entry and
exit costs and its modulation can constitute a lever in government of the common
property resource. The quantity of information to be circulated and “program-

ming” of the use, by reducing the uncertainty, can reduce the level of hysteresis

16



and make the system more flexible at both entry and exit. It should not be
forgotten, in fact, that the effect of the uncertainty is to increase the degree of
inertia of the user, anchoring him to his present state.

Lastly, the simulations have highlighted that the effect of an increase in the
number of users has different effects according to certain boundary assumptions.
For example, if the number of users does not alter the growth rate of the resource
and therefore the productivity does not drop [¢/(n) = 0] and there is a reduc-
tion in the benefit that can be obtained by the individual user due to mutual
disturbance [regardless of the rivalry, B'(n) < 0], an increase in the number of
rivals involves an increase in both threshold values (dj"—f > 0, % > 0). This
effect is due to the decreasing marginal benefits with respect to the number of
users. Assuming the same conditions, therefore, an increase in the number of
rivals produces a disincentive to exercise of the entry option in the presence of
decreasing benefits. Likewise, for the actual user, the entry of new competitors
can be an incentive to exercising the exit option.

If, on the other hand, the number of users does not alter the marginal
benefit [B'(n) = 0], but reduces the marginal productivity [p/(n) < 0], an in-
crease in the number of rivals involves a reduction in the threshold values:
%{i <0, %f‘ < 0. The effect is due to the fact that the increase in n reduces
the productivity (f), which causes [ to increase, therefore leading to a reduction
in the multiplication coefficient E% The opposite effect occurs for the coeffi-
cient «. In short, if the user is aware that the increase in the number of users
affects the growth rate of the resource, and there are no significant negative
congestion effects, he will be stimulated to activate use of the resource to avoid
future competition over the decreasing resource.

Lastly, in the case in which the increase in competitors simultaneously pro-
duces a reduction in the future growth rate of the resource and a congestion
effect on the private benefit [B'(n) < 0 and p/(n) < 0], it is impossible to define
a priori the cumulative effect on the entry and exit thresholds. It will depend
on the relative amount of the reduction in the growth rate with respect to the
congestion effect.

5 Conclusions

The government of common property resources is a very topical subject and
there is a certain interest in analysis of the institutions that have shown an
ability in the past to manage natural resources in a “sustainable” manner. It is
fairly difficult to explain the reasons for this success.

Analysis of the institutional and social aspects appears to be essential in
order to explain the formation and development of these institutions over time.
In the context of this analysis, study of the behaviour of the individual user is
important; in fact, achievement of the social objectives of use of the common
property resources also depends on his decisions. This study illustrates a model
for representing the behaviour of a user of a common and reproducible natural
resource. The model was developed from the assumption that the expediency
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of exercising a right to use is comparable to a real option since the uncertainty
as regards future benefits and the irreversibility of certain expenses make it
expedient to wait before activating or abandoning the use. This approach has
involved the development of a model for determination of the value of the right
to use and the rules that govern exercise of it. The model was used to verify
the behaviour of the user as the boundary conditions varied.

Firstly, the simulations highlighted that the decision of the user to exercise
the entry or exit option is taken with respect to two different thresholds and
that said thresholds diverge due to the non-recoverable entry and exit costs and
the uncertainty with regard to future availability of the resource. The difference
between thresholds, hysteresis, significantly influences the flexibility of use of
the resource: a high hysteresis produces an increase in inertia of the users who
are anchored to their initial condition.

Attention has therefore shifted to factors affecting the degree of hysteresis.

The amount of the non-recoverable entry and exit cost significantly influ-
ences the difference between the thresholds, which grows as said costs increase.
This result allows us to assess the possibility of tailoring possible incentives to
the entry of users of common resources. The incentive, by reducing the non-
recoverable entry costs, causes the thresholds to converge and makes the system
more flexible, both at entry and exit. Similar effects are produced by the exit
incentive. If there are no non-recoverable entry and exit costs, the threshold
value, unique, is determined by the fixed cost per unit of preriod, an increase in
which always produces an increase in the threshold.

Uncertainty amplifies the effect of the non-recoverable costs and an increase
in uncertainty always involves an increase in hysteresis. Control of uncertainty
makes the system more flexible, both at entry and exit, reducing user inertia.

Lastly, the simulations highlighted that the increase in the number of users
has fairly ambiguous effects. If there is a considerable congestion effect, addi-
tional to the rivalry in use of the resource, but the growth rate of the resource
is not affected, the increase in the number of users acts as a deterrent to use,
encouraging exits and discouraging entries. If, on the contrary, the increase in
the number of users negatively affects the productivity of the resource, but there
is no congestion effect, the user is stimulated to use the resource immediately in
order to avoid future competition. If a significant congestion among users and
reduction of the productive capacity of the resource occur simultaneously, it is
not possible to identify a univocal effect. The final result is linked to the relative
extent of the impact of the increase in congestion and reduction in productivity
of the resource on the benefit of the user.
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The proposition in the text can be proved by substituting equations (14)
and (15) in (9)-(12) and obtaining the following system of four equations:

_ B(n)z§ ¢
Avap + | =L — =) = A2}’ -1 16
4L ( 0— i p) 0t ( )
e-1
“Aaaget ¢ BORTL Ly 0 (17)
p— It
_ B(n)z5, ¢ 48
Ao+ | ——2 — = | = Aoz +k 18
1Ty < o~k 7 0L g7 (18)
e-1
—Alozx;ﬁ_l + % = Aoﬁx?fl (19)

Since the above system is linear in Ay and A;, by substituting (16) in (17)
we get:

Ay = [;g(ﬁ Bn)al) + afﬁ (% —l)} (20)
v e )]

The equation (20) indicates the value of the option that an actual user has
to abandon use of the resource in the future, assessed at the exit threshold zy .
For this value to be positive, it is sufficient for the right-hand side of (20) to be
positive, i.e. it must be:

<
=

p—
—1
Symmetrically, the equation (21) refers to the option value to become an

active user, calculated at the exit threshold z;. Here again, for this value to be
positive, the following is necessary:

B(n)a§, < (c = pl) (22)

= X®

=

a p—
B(n)zt >
(n)mL—1+a P)

(c—pl) (23)

Since/6>1anda>0wehave%>1>ﬁ>0,andwithp>ﬂ,the

inequalities (22) and (23) are both positive or both negative according to the
sign of the term (¢ — pl). In this specific case:

rr, <0 if and only if ¢ < pl

19



x>0 if and only if ¢ > pl

Reasoning in the same way, it is possible to obtain an interval for the acti-
vation threshold zy, which is always positive and greater than xj. Considering
the last two equations, (18) and (19), and substituting (18) in (19) we get:

Ay = [i;g(ﬁ B(n)z$;) + af—ﬁ (E + k)] (24)
Ag?f = [%(ﬁ Bln)asy) - — > <§ 4 k)] (25)

For the value of the option to be positive, it is sufficient for the right-hand
side to be positive, i.e.:

<
=

p—
-1 p

B(n)a$; < (c+ pk) (26)

@

and:

=

a p—
+a p

B(n)rf; > (c+ ph) (27)

—

Putting together the (22), (23), (26) and (27) we obtain the admissibility
range for 7 and z g given in the text.
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