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Abstract:

This work shows that defective behaviors from the cooperative equilibrium in the management of
common resources can be fueled and triggered by the presence of agents with myopic behaviors. The
behavior implemented by naive agents, even if done with cooperative intent, can activate a dynamic of

cascading defections from the cooperative strategy within the harvesters’ group.

This paper demonstrates and discusses that the apparent and detectable decay of the cooperative choices
in the dilemmas of common resources are not an exclusive and indisputable signal of an escalation in
free-riding intentions, but can also be an outcome of the present-biased preferences and myopic behaviors
of the cooperative agents. In fact, within the context populated by conditional cooperators with a
heterogeneous myopic discount factor, in the absence of information about agents’ intentions, the present-
biased preferences can trigger a strategy that directs the community to excessively increase its harvesting
level, even in presence of the other-regarding motives. Therefore, a lowering of the cooperative behaviors
can also be the effect of the absence of coordination instruments in response to the cognitive bias that

influences human behaviors.
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1. Introduction

In the task of managing common resources, one of the main issues that a community
faces is avoiding the trigger of the tragedy of the commons. A non-collapsing
management of the commons largely depends upon the cooperative capabilities of
communities and their ability to maintain the cooperation inside groups over time. This
study will show when and in what manner there is involvement of present-biased
preferences in the triggering of strategies that contribute to non-cooperative behaviors in

common harvesting.

Cooperative behaviors have been largely investigated in behavioral economics (Ernst
Fehr and Géchter 2000; Géachter 2007; Sally 1995), and other-regarding and social
preferences are found in everyday life (Gintis 2000) and in a wide range of situations
and cultures (Alpizar et al. 2008; Frey and Meier 2004; Meier and Stutzer 2008;
Henrich et al. 2005). Nevertheless, in presence of social preferences, when individuals
participate in common pool resources or public good games, in absence of coordination
and enforcement instruments or institutions, there is frequently a decay of cooperative
behaviors (Andreoni 1988; Dawes and Thaler 1988; E. Fehr and Schmidt 1999; Gintis
2000; Gintis et al. 2003; Isaac et al. 1994; Ledyard 1994). When individuals cooperate
only when others also cooperate (conditional cooperators), the presence of free-riders,
or individuals without full cooperative behaviors, can trigger a dynamic of defection by

cooperation (Fischbacher et al. 2001; Fischbacher and Géachter 2010).

When resource management includes specific intertemporal peculiarities with relevant
externalities, resource harvesting is vulnerable to the risks of inefficient intertemporal
management. This is evident observing the difficulties that people often encounter in
defining intertemporal choices and allocating consumption in a consistent manner. This
phenomenon refers to the existence of present-biased preferences. In fact, individuals,
due to their impulsivity, follow short-term benefits without considering adequately the
long-term consequences, particularly in situations in which the individuals

systematically behave by discounting the near future more than the distant one (G.
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Loewenstein and Prelec 1992). These behaviors reveal the lack of self-control in the
face of the pressure of the present (D. Laibson 1997; T. O’Donoghue and Rabin 1999).
This happens when due to present-biased preferences, the immediate benefit directs the
choices despite the long-run interest. This is true also in the case of social dilemmas. In
Herr et al. (1997), for example, participants interact in a common pool resource
experiment that reveals lower efficiency when the experimental design provides
intertemporal externalities, showing substantially short-sighted behaviors. Participants,
in fact, do not adequately consider the future consequences of their decisions, and they

show short-sighted behaviors in dynamic games (Pevnitskaya and Ryvkin 2013).

Myopic behavioral patterns are particularly dangerous in the context of common
resources because they can generate rapid resource depletions. Generally, common
resource dilemmas are defined within a context in which the long run choices and short
ones can conflict, thus exposing the resources to the risks derived from present-bias.
Thus, the role played by present-bias in the decay dynamics of cooperation in the
commons could be consistent with the systematic decline of the cooperative propensity
with the passage of time. In fact, one of the salient elements that is present in the
common resource experiment is the progressive decay of the cooperative behaviors with

the advancement of the interactions (Ostrom 2000).

When resources are commons with intertemporal harvesting peculiarities, the decay of
cooperation intentions can be the main obstacle to the preservation of a given stock of
resources. Hence it is clear the reason why the decay of cooperation in the commons has
so much relevance. However, in this context, the role played by the cognitive biases is
not adequately investigated: if and in what manner present-bias can affect the dynamics
of the cooperation inside the group have yet to be raised. It is also remarkable that even
though it is beyond any doubt the existence of cooperation capability as part of the
human evolutionary success (Gintis 2009), it is unclear why societies sometimes fail to
achieve the level of fairness and cooperation that they desire. Therefore, this work
presents a representation of human behaviors that do not exclude these cognitive

foundations of the process of decision-making in the intertemporal context. Without the
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necessary inclusion of the intertemporal cognitive features of human behavior, the
models used to describe the human phenomena in resource harvesting are unable to
include some of the real issues that can trigger the defective strategies from cooperation

in the management of the common resources generating the overexploitation.

2. Present bias and why take care of it in the commons

Present-bias refers to behaviors that derive from the duality of the discount rate in short-
term and long-term periods that determines a non-consistent time behavior in tasks that
require intertemporal planning. Time inconsistency implies that an optimal choice
defined in the present could be revisited in the future (Strotz 1955). The present bias
thus determines the emergence of preference reversals that generate a conflict between
long run preferences and immediate choices, resulting in a conflict between the early
intention of the agent and the choice made at the moment. The genesis of these
phenomena has a solid cognitive foundation. In fact, it is noteworthy that researchers in
the field of cognitive neuroscience support a non-constant discount rate finding two
ways to process the discounting: one for the immediate rewards and another for the
delayed ones.' Experiments reveal the activation of the limbic circuit just prior to
choices that provide an immediate reward (Samuel M McClure et al. 2004). Similar

conclusions were also drawn by Hariri et al. (2006), and McClure et al. (2007).%> The

! Two distinct brain areas are involved in the definition of intertemporal choices. The first area, the limbic
and paralimbic, is a brain region heavily innervated by the dopaminergic system and connected to
rewards expectation (Breiter and Rosen 1999; Knutson et al. 2001; Samuel M. McClure et al. 2003),
while the other area belongs to the front-parietal region, an area that supports the higher cognitive

functions (G. F. Loewenstein et al. 2008).

2 The limbic circuit is the seat of the emotional reaction processes (A R Hariri et al. 2000) and impulsive

behaviors (Pattij and Vanderschuren 2008); in fact the limbic system - the most ancient part of a human’s
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joint involvement of two systems in decision-making processes is further supported by
Bechara (2005), Bechara et al. (1999), Damasio (1994) and LeDoux (1996). Therefore,
for choices defined in an intertemporal context, the dualism between the limbic system
and the deliberative-cognitive system of the neocortex highlights a distinction between
the reactions in responses to short and long-term stimuli. Information related to
immediate rewards are mostly subjected to be processed by the impulsive system,
instead a more appropriate reflective system refers to decisions regarding long run
rewards. It is possible to assert that the present bias is an element of decision-making
processes deeply rooted in human nature, in several areas of the individual’s life. In fact,
the present biased behaviors are also clearly evident in several situations (Della Vigna
2009; Frederick et al. 2002; Thaler 1981) and different contexts, such as the low saving
rate (Ashraf et al. 2006; Harris and Laibson 2001; D. Laibson 1997; D. 1. Laibson et al.
1998), health choices (van der Pol and Cairns 2002), drugs, smoking or buying
addictions (Frederick et al. 2002; Gruber and Koszegi 2001; Thaler and Shefrin 1981;
Wertenbroch 1998), as well as procrastination behaviors (Benabou and Tirole 2003; T.
O’Donoghue and Rabin 1999). The unifying factor in all these fields is the contrasting
dichotomy between long-term well-being and immediate enjoyment. This dichotomy
characterizes the emergence of present biased behaviors. Present-bias seems, therefore,
to be a specific peculiarity of decision heuristics on intertemporal choices in
frameworks where long-term plans can be subject to revision and where the long-term
outcomes depend upon a continuum of instantaneous or short-term choices. These
peculiarities also define the framework of common resource dilemmas. In fact, the

intertemporal management of the commons has the characteristics of the framework in

brain — also includes the amygdala (Isaacson 1974), whose functions are closely related to emotional
activities (Cardinal et al. 2002; Ahmad R. Hariri et al. 2002). Vice versa, a second area that it is afferent to
the neocortex, the most recently formed brain area from an evolutionary perspective, shows prevalent
activation in correspondence of actions that are the outcome of choices that take future gains into
consideration best. This second area, exclusive to mammals and distinctly developed in humans (Rachlin

1989), plays a key role in appropriate deliberative-cognitive activities.
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which the long-term and short-term choices can conflict, exposing consequently the
resources to the risks that can derive from behaviors strongly oriented to the present. In
the fields of the resources exploitation the present-bias and naive behaviors could prove
very dangerous for the sustainability of the resources, in fact in absence of time
consistency an undesired collapse of the natural resources could occur (Hepburn et al.
2010). Hence, when a conflict arises between the short and long-term interests, as in the
management of common resources, present-biased preferences are likely to play an

important role.’

It is well known that the commons is a field in which the relevant elements of human
choosing are not limited to the area of intertemporal resources management, but it is
also a field in which human sociality plays a diriment role. On one hand, the adoption of
sustainable and cooperative behaviors in relevant social dilemmas depends on the
degree of consciousness about the effect of their own behaviors on others, and on the
common resources; this inclination finds form in cooperative and other-regarding
motives. On the other hand, the choices made reflect the capability of correctly reading
and weighing costs and benefits that result from one’s own choices. The intertemporal
decision-making process that involve present biased preferences directing these choices
are also the paths by which individuals solve social dilemmas. Within this process,
cooperation also finds realization. For these reasons, cooperative behaviors and

intertemporal dynamics need to be analyzed together.

The contributions to understanding the role of other-regarding preferences in social
dilemmas are abundant in the literature and reveal that the cooperation and fairness

principle contributes in the formulation of the agents choices (Ernst Fehr and Géchter

3 In the Field of renewable resources management has been ready showed that present biased-
preferences can reduce the agent’ welfare (Persichina, 2019 b) and that in the context of intergenerational
transfer of resources the present bias can generate intergenerational inequality even in presence of other-

regarding preferences (Persichina, 2019 a).
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2000; Géchter 2007; Ostrom et al. 1994). Several works have investigated the true
foundations of economics when people make decisions within a social context, showing
with undisputed clarity that the individual’s decisions are mediated by other-regarding
motives and by prosocial concepts like fairness, cooperation and reciprocity (Andreoni
1990; Bolton and Ockenfels 2000; G. Charness and Rabin 2002; Falk and Fischbacher
2006; E. Fehr and Schmidt 1999; Rabin 1993). Furthermore, the consequences of the
introduction of the other-regarding preferences in the theoretical framework on the
management of the commons draw great attention and offer additional elements of
analysis for applications in environmental and resources issues (Brekke and Johansson-
Stenman 2008; Carlsson and Johansson-Stenman 2012; Gowdy 2008; Gsottbauer and
van den Bergh 2011; S. Frey and Stutzer 2006). Additionally, in the field of the
commons, several studies have confirmed the ability of human beings to voluntarily
sustain the cooperation in resources dilemmas (Casari and Plott 2003; Gary Charness
and Villeval 2009; Chaudhuri 2011; Ernst Fehr and Leibbrandt 2011; Ledyard 1994;
Ostrom et al. 1992).

However, it is not possible merely to emphasize the presence of the cooperative will of
individuals: there is also the necessity to truly comment on the frequent observations,
especially in controlled experiments, of a systematic decay of cooperative behaviors
over time in repeated interactions (Ostrom 2000). The reasons for the decay of the
cooperation propensity over time is an argument of great relevance, not merely
theoretically, but also from the applied perspective: it is known that when confronted
with resources, which are intrinsically commons and having an intertemporal harvesting
peculiarity, the decay of the cooperation instances can become the main obstacle to the
preservation of a given stock of common resources over time and generations. However,
in this context, the role of cognitive biases has not been adequately explored yet. If and
in which manner phenomena such as present-bias can affect the dynamics of
cooperation and its decay continues need still to be defined. But, as it has been
discussed here, the dynamics of harvesting in the commons has a double determination
that involves both the cognitive and social spheres, two spheres that are defined as one

in intertemporal decision-making processes and the other in cooperative attitudes. So
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the role played by present-biased preferences in the decay of cooperation must be
clarified, showing that shortsighted behaviors deriving from present-bias can be
involved in a decay of cooperative interactions over time and within a framework that
includes common resources, even when agents have preferences for cooperation.
Therefore, in the following sections it will be shown the manner in which the present-
bias is involved in the triggering of strategies that contribute to a non-cooperative

behavior in common harvesting, determining cascading defections.

3. Harvesting model and baseline emerged behaviors

The model concerns the activity of harvesting from a stock of non-perishable resources,
a discrete time framework is considered. The stock of resources at time 7 is R(t), with
t €[0,T] and T # oo. The harvested amount at time 7 is expressed as h(t). The

fundamental equation of the dynamics of the growth of the resources is as follows:
R(t+1) = R(®) = f(g, R(D)R(E) — h(®), ()

where the growth rate, f ( 9, R(t)), is not negative.* In the case in which the stock size
does not affect the growth rate, the resource stock grows at a constant and strictly

positive exponential rate equal to g, such that:

f(g.R(®) = 0andg >0, N
and
if TEED = 0 > R(t+1) = R(®) = (9 ~ DY) R() with K =12 ©

The time interval from 0 to 7 is the finite lifetime of a single agent. Moreover, the initial

stock of resources and the growth rate are known by all the agents.

4 The non-negative growth rate derives from the non-perishability of the resources.
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The initial stock at time zero is strictly positive. It is assumed that resources are

material; therefore, a negative stock is not possible:

R(t) = 0 with R(0) =RyA Ry, >0 V t€e]0,T]. €))
The amount harvested at time ¢ by the agent, h(t), is not restorable, therefore:

h(t) =0 Vtel0,T]. (%)

The agent faces a capacity constraint: in each period she cannot harvest more than
hmax, a value that is strictly positive and finite, and thus, together with the non-

negativity constraint:
0<h(t) <hpgpx VY t€[O0,T] with hpguy > 0and hpg, # . (6)

Furthermore, each agent also faces a resources constraint such that she cannot harvest at

time ¢ more than the stock of resources available in that moment:
h(t) <R(t) Vvte][o0,T]. (7)

Both the capacity and resources constraints are assumed exogenous and equal for all the

agents.

The model assumes only material resources and no exchange market; hence, the welfare
of the agents depends only on the amount of resources harvested and enjoyed at each

time, so the lifetime utility of the agent evaluated at time 0 is:

U= z 5(6) u(h(D)). (8)

Monotonicity and strictly concavity of the utility function is assumed:”

5 This guarantees the existence of a unique optimal solution.
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u'thy)>0 u"(h)<0 Vh,eR". 9)

The discount factor §(t) represents the degree of impatience on harvesting. Agents
exhibit impatience on the harvesting time, such that §’ < 0,° so the discount factor is

monotonic and decreasing over time with:
6(t)>6(t+1) vee[0,T]. (10)

The problem of the optimal harvesting path can be summarized as the maximization of
the agent’s utility function (8) under the constraints expressed in (4), (6) and (7) when
the initial condition and the natural growth rate respect the non-negative constraints and

the dynamic of resources growth is defined by (1).

So, assuming continuity for the harvesting amount on the interval [0, A, ], given the
discount factors D = {8(0), ..., 6(t),..., 6(T)} that respect the peculiarity just enounced,
at any time t € [0, T] there is just one optimal solution for the problem of maximization

that the agent has to face.

Of course, the intertemporal harvesting plan depends upon the form of the discount
factor, in particular if it is expressed in an exponential way that guarantees time
consistency, or if the agent has some other form of discount that generates time

inconsistency like in the case of present-biased preferences.

Hence two possible and alternative outcomes from the process of optimization are

considered. The first is the no-bias optimal harvesting strategy expressed as:
Hopt = {hopt(o): Ry hopt(t): Ry hopt(T)}- (11)

The no-bias optimal harvesting strategy, H,,;, is the strategy defined when the discount

¢ With this assumption, the case of pleasure in procrastination, §'(t) > 0, is excluded.

10
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factor of the agent is expressed in an exponential manner that guarantees time
consistency. ’ Hype also corresponds to the long-run optimal harvesting plan for the
agent (Ted O’Donoghue and Rabin 2002). It is clear that in presence of time consistency

the agent does not vary his optimal strategy with the passage of time.

The second possible outcome of the process of optimization, the biased harvesting
strategy, defined as Hj;,s, takes place when time inconsistency is assumed. Time
inconsistency implies that the discount factor of the agent is not constant over time, so it

1s assumed that:

5t 55 .

> with t<s and s €[0,T] fort =0,
5t 55 .

> with t<s and t,s € [0,T] fort > 0.

6t+1 5s+1

The consequences of a no constant discount factor can be defined here.

Os _ Os41

Postulate 1: If it is solved at time ¢, < s, with , the problem of intertemporal

S+1 5S+2

optimization in the interval [s, T], with an existent unique optimal solution:

H, = {E[h(8)]s ..., E[h(s + D)];, ..., E[R(T)]:} , where E[h(s)]; is the expected
harvesting amount for time s; and at time s, the same optimization problem is solved in
the interval [s, T] with the following optimal solution:

Hg = {h(s),...,E[h(s + D]s,..., E[h(T)]s}; when E[h(s)]; < R(s) and E[h(s)]; <

M and time s =2 > 222 with 22 < 0, then A(s) > E[A(s)]..

5S+1 5S+2

7 Agent has no biased preferences when =% yre [0,T]and Vs € [0,T]. Only when the

St+n  Os+n

discounting respects this condition, the agent’s evaluation of the optimal strategy in every period s

between 0 and 7 conducts to the same optimal harvesting strategy evaluated in any period ¢ in [0, 7.

11
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So, as anticipated, the agent can be present-biased and, in this case, the biased

harvesting strategy can be expressed as:

Hbias = {hbias (O)' LR hbias(tb)' LR hbias(T)}' (13)

Hy;qs derives from the instantaneous maximization at each time of the utility of the
agent as well the H,,,, but, in contrary to the case of no-bias optimal harvesting strategy

the discount factor incorporates the present-bias peculiarities expressed in (12) under
the constraints expressed earlier. ® The consequences can be synthetized in the

following:

Lemma 1: Given an expected harvesting amount formulated at time ¢, hopt(s) > 0,
with # <, t and s in [0,7] and h,p(s) < Rpqay, under the assumption of present bias
defined in (12), if R(s) > h,p(s) and R(s) = E[R(s)];, where R(s) is the resources
stock at time s and E[R(s)]; is the expected stock estimated at time ¢, then at time s the
agent harvests an amount greater than the amount predicted for the same period in the
optimal strategy formulated at time ¢, hop¢(s), that could be harvested in absence of

bias, such that:

hbias(s) > hopt(s) with hopt(s) € Hopt and hbias(s) € Hbias~ (14)

In fact, when R(s) = E[R(s)];, in the interval [s, T], at time ¢ in the no-bias condition
the agent will face the same situation faced at time s, but under the bias condition. So it
will be that H,,; > H; at time ¢, where H,p, is the optimal harvesting plan evaluated at
time ¢ and H; is any other harvesting plan different from H,,, in the set of all possible

plans, and H,,; is defined under the hypothesis of an exponential discount such that

8 1t is notable that both the hyperbolic that quasi-hyperbolic discounts respond to the property defined.

12
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S5 _ Ssi1 . 08 : 85 Ssp1 . .98
Bers— Berg with — < 0 and, hope(s) € Hype. But at time s with Boen > Bers and — < 0,

Hyiqs > H,pe, hence at time s the situation expressed in the postulate 1 takes place, so

pt>

because hype(S) < Rypgx A hope(s) < R(s) it will be:

hbias (S) > hopt(s)-

It is so possible to assert that given a context in which it is effectively possible to assist
in a reduction of the stock of resources, the existence of present-biased preferences
could move out the harvesting path. This context is characterized by a situation in which
it is not possible for the agents to avoid a total exploitation of the resources before the
end of the periods if they harvest continuously the amount /4,4 in the interval [0,77]. It is
obvious that this is the context in which the agent is called to determine a harvesting

plan in which there is the following condition:

N T-1

T-1
Ro+ Y [IR® = k)] - (g, R®)] - [mae - (147 (0 R®)) [<0, s
t=0

n=1t=0
where N is the number of agents that harvest from the stock.
The (15) implies that there is at least one period in which h(t) < hy,a,. Then considering

that the agent has the tendency to distribute his consumption over the time, we assume

that the agent’s intertemporal preferences are given such that:

0< hopt(tb) < hmax

Hopt = hopt(O), ---'hopt(tb)' ...,hopt(s) "'Ih'Opt(T) A . (16)
0< hopt(s) < hmax

This implies that if ho,e(t) = hypay V't € [0,t, — 1], then h,,.(tp) < R(tp) must be
true in order to have 0 < hp¢(S) < Rpgy. So, considering the implications of (15) and

(16) and the lemma 1, it is possible to assert the following:

Lemma 2: Given the condition (15) and (16), and given two possible strategies that can

be derived by the decision making process of the agent, the first one,

13
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. . . 8¢y 8tp+1
Hope = thope(0),..., hope (Ep), -+ Rope (T) }, in which, at time ¢, =

Sep+1 Otp+2

, and the

second one, Hyips = {Npias(0),.--, Apias(tp), -+, hpias(T)} , in which, at time ¢t ,

5tb 5tb+1

, then in the time interval [0,7], there exists at least one period, t;, such that
Stpr1 Stp+2

hbias (tb) > hopt(tb)-

In fact, Ry is unique and invariable with respect to the strategy implemented. The (15)
implies that there exists at least one period where hy;q5(t) < hpqy and at least one
period where h,p(t) < Apqy. Given the existence of a first period in which h,,,(t) is
lower than hpygy, tp, if Rope(tp) < Amay and hpias(ty) = hpgy, clearly hp;qq(t,) >
hope(ty). Additionally, in the case in which hop,e(ty) < Rypgy and Rpiqs(ty) < Ripgys
because in this first period, it is clear that R(t,) has the same value in both strategies,
and because R(t,) must be greater than h,,.(t},) as consequence of (16), taking care of

the lemma 1, the present bias as expressed in (12) determines that hp;,s(tp) >

hopt(tb)-

The lemmas just enounced have deep consequences in relation to the outcome of the
cooperative behavior implemented by an agent inside a group of harvesters managing a
common stock of resources. In fact, the same relationship expressed in these

propositions also exists when an agent inside a group has cooperative behavior.

In fact, two possible outcomes of the process of maximization also exist in the case of
cooperative intentions of the agent: one in the case of exponential discount rate and the
other derived by present-biased preferences. Both the outcomes correspond to a
cooperative strategy, but in the first case it is a no-bias cooperative strategy (from now
named “optimal strategy”), and in the second case it is a biased cooperative strategy

(from now named “biased strategy”).

14
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The context in which the agents cooperate in the management of the commons are so
defined: the number of the harvester, N, is common knowledge and homogeneity is
assumed between the N agents in the instantaneous harvesting utilities u, (h;) with
0 < hy < hypgy, V1 € N.° Recall that the agent does not exercise a deliberative choice
of one or the other strategies, but can choose between cooperating and being a free-rider
(or stop cooperating). It is not possible for a biased agent to implement the optimal
strategy; this is a consequence of the naive nature of a biased agent who is not

conscious about the implementation of a biased strategy. '

Therefore, for the single cooperative agent, when she choices to cooperate, the optimal

solution is given by the maximization of the sum of the utility of the N agents:'!

N T
mhqx Z Ui where Ui = Z 5l(t) U(hl(t)), (17)
Y= =0

under the constraints and conditions that we have expressed earlier.

Under the hypothesis of absence of present-bias, '? the cooperative harvesting plan is the

optimal cooperative strategy:
opt = hope(0),- o, hope (8), -, hope (T (18)

It easy to understand that a lower amount left unharvested, with respect to the prediction

of the optimal cooperative strategy, is also the observable effect of a potential act of

® In the following, heterogeneity will be assumed in the bias factor.

101t is recalled that in this model it is assumed naiveté for the biased agents, such that naive agents are
fully unaware of their intertemporal inconsistency and of their future re-evaluation of the harvesting

amounts.

"' Tt is assumed there is homogeneity in the utility function, and consequently the cooperative agent

maximizes the sum of the utilities.

12The hypothesis is satisfied Whentsi =% vee [0,T] A Vs €[O0,T].

t+n  Os+n

15
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free-riding. In particular, free-riding behavior at a given time ¢ could emerge when the

agent harvests an amount greater than the optimal cooperative one:
he(t) > hpe(t). (19)

Proceeding with the no biased behavior, a biased cooperative agent maximizes the total
amount harvested by the group of N agents as expressed in (17) when his utility

function is:

Ui = ) Syias(®) ulhi(0) (0)

where §,;,¢ has the properties expressed in (12). In this case the agent adopts the biased

cooperative strategy:

Hlsias = {hlgias (O)' ] Igias(tb)' ] lgias(T)}' (21)

Now, considering the results described in lemmas 1 and 2, given that (15) and (16) hold,

it is possible assert the following:

Proposition 1: Given two possible outcomes of the optimal solution in presence of

cooperative intentions of the agent, the optimal no-biased strategy:

§¢ _ &g

5t+1 5S+1

HSpe = (hSpe(0),..., hSpe (), ..., hSpe(T)}, in which Vt, and the biased
Strategy Hlsias = {hlgias (O)' ] IC7ias (tb)' R IC7ias (T)}a in which:

1) 1) 5 ) .
4 > == fort=0and5—”25—s fort > 0, witht < sandt,s € [0,T].

5t+ 1 5S+ 1 t+1 S+1

Then in the interval (0, 77 it exists at least one period, denoted with ¢, such that:

bias(tn) > hGpe (£5). (22)

So, if several reasons could lead the agents to defect by a perfect cooperative strategy,
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also a pure cooperative agent can implement a strategy that does not coincide with H,:
even when his aim is ‘cooperate’ because his choices can be affected by limited
capabilities in using a constant discount rate, as in the case of present-bias. In what
follows, the manner in which the effect of the present-bias, also in the presence of

cooperative intentions, can trigger dynamics of defections is exposed.

4. Cooperation failure due to the present-bias

In a situation in which (22) holds, if the agents cannot be sure about the biased nature of
the choices of others, it is not possible for a member of the group to distinguish if
another member of the group harvests an amount greater than the optimal cooperative
because she has free-riding intentions or because it is a cooperative biased action.
Therefore, an excessive harvesting of some present-biased agent can be erroneously
interpreted as an act of free-riding, and in a tit-for-tat strategy can trigger a round of

defections.

In order to demonstrate this assertion, a situation in which there are only two harvesters
is considered. They are conditional cooperators that play a tit-for-tat strategy, harvesting
simultaneously from the same stock of resources. It is possible to assign to one agent
the capability to suppose that the other agent can be biased, but she has no information
about cooperative intentions of the other or about the biased discount factor, so the
agent lacks any ability to distinguish the biased agents from the free-riders.'® The agents
are homogeneous in the instantaneous harvesting utilities, u;(h,) = u;(hy) , but
heterogeneity is assumed in the myopic discount factor §;,(t) as defined in (12), hence,
denoting i and j as the agents, where the agent i has stronger present biased preferences,

then:

13 Here the existence of the possibility that one of the two agents can be not biased is assumed.
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RHO 57 (®
8D (t+1) 82(t+1)
LHO) LHO)
82 (s+1) 82 (s+1)

with s > t at least fort =0, (23)

8P &P

8P (t+) s9PEe+1)’

where the hypothetical case of no bias is Now, considering (23),

because the instantaneous harvesting utilities are u;(h,) = u;(he), with 0 < hy < Ryppqy,
that (15) guarantees the existence of a period t, such that h;(tp) < hpgy, and

considering the results exposed in proposition 1, then:

h? (ts) > hy(tp), (24)

where h? (t) and h;(t,) are the amounts effectively harvested by the agents given the
management strategies when behaviors are biased, at least for the agent i, and coincide

with the cooperative amounts h{ (t,) and h{(t;) as expressed in (21), then:

hepe (ty) < h;(tp) < hp (ty). (25)

Because the agent j does not have instruments to distinguish if the higher harvesting of
the other agent responds to a cooperative biased strategy or to free-riding intentions as
expressed in (19), the agent can be induced to opt for a trigger strategy in the presence
of h;(ty,) > hj(t,), even if hy(t,) responds to the cooperative strategy in which
h;(t,) = h{(ty). If the agent j interprets h;(t,) as a free-rider attempt, the trigger
strategy of agent j may involve an increase in the next harvesting amount until the Nash
dominant non-cooperative amount, such that: h;(t, + 1) = hp,q,, while agent 7 still

harvests his own cooperative amount. So, if h;(t, + 1) < Ay » at time ¢, + 1 is:
h?(tb + 1) < hj(tb + 1) with hj(tb + 1) = hmax' (26)

The increase in the harvesting level of agent j cannot be interpreted by agent i as an
answer to his biased behavior because — as this model assumes — naive agents are not

conscious of their bias and are unable to recognize the appearance of their behavior as
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potential free-rider behavior. In fact, naive agents have incomplete self-knowledge

regarding the biased nature of their own behaviors.

Hence, observing an amount harvested by agent j greater than the cooperative amount,
agent 7 can interpret the harvesting amount of the j agent as a free-riding behavior
attempt. Because from the viewpoint of agent i because she himself has cooperated until
time t + 1; consequently, she also can choose to start a trigger strategy harvesting at
time t + 2 an amount equal to h,,,,. At this time a non-cooperant Nash equilibrium is

reached in which:
hi(t+2) = hj(t +2) = Ry (27)

Similar dynamics can also be triggered with a large number of harvesters. So, the
question that is raised next is how the implication of present-bias in these defective
behaviors from the cooperative equilibrium can explicate a dynamic of cascading

defections.

5. A restrictive case of cascading defections

Because the issue is how the present-bias leads towards defective strategies in the
absence of which such strategies will not occur, it is not necessary to analyze the
behavior of the agents that deliberately choice to be free-riders from the beginning. In
this case, any effect of present-bias is not relevant to adopting defective strategies for
the obvious reason that in presence of free-rider intentions, the defective strategies from
the cooperative equilibrium are a consequence of free-riding itself a priori with respect
to the intertemporal bias. Hence, to show the effect of the present bias in the trigger a

defective strategy it is considered the case in which all the N agents are cooperative.

The agents simultaneously harvest from the same stock of resources for 7 periods, the
features regarding the stock of resources, growth rate, constraints and utility function

are those ready presented in the model. Agents follow a tit-for-tat strategy, implying that
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they choose the cooperative strategy in the first round, but their cooperative intentions
are not common knowledge. Agents are heterogeneous in their bias discount factors,
and each agent makes his choice of harvesting for a given period after having observed
the amount harvested by the other agents in the period before, which is the only

information about others made available.

In every period ¢ each agent do a cardinal order of all the amounts harvested, such that it
is identifies with h4(t), the amount harvested by the agent that harvests less, and in an

increasing order Ay, until hy (t), where agent N is that one who harvests more:

Ap = (), A (D), ... Ry (D)}, (28)

where each n agent can distinguish the n-1 agents that have harvested less than her from

the N-n agents that have harvested more.

At every round each agent decides whether to implement the cooperative or defective
strategy. In the first case, the cooperative amount harvested will be given by the
maximization at time ¢ of (17), under the usual constraints, for the periods of the
residual periods of interaction [¢#, T]. Otherwise, the defection strategy consists of the
adoption of the dominant Nash strategy that implies harvesting h,, . until the end of the

interactions.

Each agent assigns a given probability, p, (f), that other agents are free-riders; p,, (f) is
based only upon the agent’s personal belief, such the same probability to be a free-rider

is assigned to each other agent, so:

E,
pn(f) = N_T (29)

where F,, is the number of free-riders present in the group estimated by the agent n.

The estimation is only subjective and is formulated by the agent in a condition of lack
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of information, and thus it is not assumed that this estimation is equal for all the
agents.'* The agent constructs his personal beliefs with an action of mental accounting
where she infers the probability used in the actual context from his past experiences in
other contexts (Gigerenzer et al. 1991). The logical induction derived from the
representative agent’s subjective long-term memory suggests that, because she
experienced acts of free-riding in similar contexts, she should utilize his past
experiences in the present context, assuming a strictly positive probability that other

agents could be free-riders. Hence, we have that:

pn(f) >0 Vn€N. (30)

The representative agent starts harvesting a cooperative amount, h§(t), continuing to
cooperate as long as she believes that the other agents are also cooperating. The strategy
instead prescribes the defection when the agent’s belief leads her to estimate that at least
one agent with free-rider intentions has caused her damage with an amount harvested
that is greater than the cooperative amounth§ (t). Hence, the condition of damaging
harvesting occurs at time s when a member of the group takes an amount greater than

the cooperative one of the agent »:
h;(s) > hy,(s) with j € N. 31

In the case in which the damage occurs because of free-riding, the agent defects. So, at
each period ¢ the agent n observes the harvesting order, and at time #+1 she will select
the defective strategy when she has observed the damage occurs, and there is a given

probability that among the agents that create the damage there is at least one free-rider.

!4 The estimation occurs in a context where each agent is subjected to the complete lack of information
regarding the real intentions of others; hence, the estimated presence of a free-rider is not related to the

real presence.
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This probability, P,(F > 1), to determine a defective choice, needs to be a value at least

big enough for the agent to evaluate it as sufficient to the defect: B&(F > 1).

Therefore, assuming that s is a period within [0,7] in which (31) holds, the agent defects

after time s when the following takes place:
B, (F = 1), = B4(F = 1), (32)

where P, (F = 1), is the probability condition estimated at time s. Then, the harvesting

strategy of the agent n will be as follows:

ho(6) = {hmax, t>s i.an(F > 1)s = BE(F = 1) A hi(s) > hi(s), (33)
he (t), otherwise.

The result of the first proposition expressed in (22) and the condition (24) determined

by the heterogeneity in the bias factor imply that there exists a first period in [0,7] in

which (31) holds such that the agent »n is posed in a condition of damage. The

observations of the amounts harvested enable the agent to circumscribe the N-n agents

that determine damage. Among these, the agent n evaluates the presence of the free-

riders in order to verify the realization of condition (32). Therefore, defining:
N=A{1,...,n,...,N1,...,N = f,c} (34)

as the set of all the possible compositions of the group on N agents where each agent
can be a free-rider, f, or a cooperant, c. The number of the possible cases can be given

by the ordered selections of N-n subjects in 2, with the exclusion of the agent himself,
(N - 1)'

N—-—n
The probability that there is a situation, where among the N-n agents there is at least one
free-rider, is given by the ratio between the favorable cases and the possible ones. The
favorable cases are those where in the N-n agents of the upper sub-group, the number of

potential free-riders are between 1 and F,. The probability of presence of a given

number of free-rider, ¢, inside subgroup N-n is defined as:
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B! (N—-1-E)!
P(F=q) = q! (F, — !N (r;] _ql))-!(n+q 1 Fn).' )
(N—-n)!(n—-1)!

where the probability for each agent that f'is true, about the event (f,¢), is given by the
subjective estimation of the agent n, p,,(f), as derived by (29).

Therefore:

Fn
P(F=1)= P(F = q), (36)

where F is the number of free-riders.

The defection choice that is derived from (33), given a period s in [0,7] in which the
condition (31) is verified a first time, occurs if the probability of the presence of at least
one free-rider B4(F > 1) is greater than or equal to P4(F > 1). Now, considering the
value of BE(F > 1), it is assumed that for a probability of the presence of at least one
free-rider between the N-n agent that harvests more, close to the certitude that is
B,(F = 1) = 1, each agent n chooses the non-cooperative harvesting; hence, having

PY(F>1)<1V ne€N,itwill be:
h,(t) = hypgy When B(F=>1)=1 VneN (37)

Now, consider an order that includes all N agents, where each n agent has the position
equal to the position that his harvesting h,, has in the order defined in (28). This gives a
cardinal order that identifies with n=1 the agent who has harvested less and, therefore,

increasingly until agent NV has harvested more than all the others; hence,
A={1,...,n,...,N}. (38)

Each agent estimates a probability of the presence of a free-rider among the N-n agents

that have harvested more than him, P,(F > 1), as defined in (36).
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It thus becomes easy to understand that, for an »n that approaches 1 in the order defined
in (38), remembering that B,(F = q) =0 whenn < F,+1— q, we have B,(F >
1) =~ 1. This implies that at least the agent that has the first place, n=1, in the order 4 at
time s, will decide to defect starting in period s+1. In this way, a new order A4 is

generated at time s+1 in which a new agent takes the first position.

Keeping in mind (37), at each period ¢, ¢ > s, after that for the first time the condition in
(31) is verified, at least one agent chooses a defective harvesting amount that is equal to
hmax from #+1 until 7. In fact, at every time #+1 the defection of an agent that, at time ¢
was in the condition P,(F > 1), = P4(F > 1), determines a new order where at least
one agent, that at time #+1 had harvested the cooperative amount A.(¢+1), evaluates a
P,(F = 1), sufficient for the defection at time #+2. This is because at every period
there is a new agent n in the first place in the order A such that B,(F > 1) = 1; hence
(32) holds true. Therefore, in the following period a new agent will switch from the

cooperative strategy to the defective one; so, it is possible to assert the following:

Proposition 2: When agents adopt the strategy defined in (33), with heterogeneity in
the present-bias factor as defined in (12), and they assign a positive probability of the
presence of free-riders inside the group as in (30), and it is assumed that for every agent
a probability of the presence of at least one free-rider between the N-n agents that
harvest more is close to 1, B,(F = 1) = 1, then (32) holds, and considering that there
exists at least one period s in [0,7] such that the condition in (31) is verified, then for

every period after time s at least one agent inside the group stops to cooperate.

The process just exposed auto-fuels time after time and leads, for a sufficiently large
periods of interaction, to the disappearance of the cooperative actions within the group
reaching a non-cooperative equilibrium in which all the agent harvest h,,, despite their
previous intentions of cooperation. This process is trigged by the presence of present-

biased preferences.
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6. Extensive cases: condition for a cascade of defections

Until now this work has showed that within a context populated by conditional
cooperators with heterogeneous myopic discount factors, the present-biased preferences
can lead to the application of a triggered strategy that directs the community to
excessively increase their harvesting level, even if their motivations were cooperative.
With the restrictive case, this work has revealed the occurrence of cascading defections,
assuming blindness and no-awareness of the bias of others and absence of tolerance for
the presence of free-riders.!® Furthermore it has considered the dominant Nash strategy
as the only defective strategy implementable. But, conditions that are wider and less
restrictive will be defined next. Specifically, the conditions regarding the two decisive
decision-making elements of the defection will be defined: first, the critical level of
estimated free-riders inside the group, implying that over a given number of supposed
free-riders that damage the agent, she will not be available to cooperate any further, and
consequently the defection starts when the estimated probability of the number of free-
riders that exceed the critical level is considered sufficiently high by the agent in order

to defect — and, second, the definition of the behavioral strategy adopted.

6.1 Condition regarding the critical value to defect

Only on rare occasions do agents behave under certainty; in the restrictive case the
implementation of a defection strategy occurred for a probability of the presence of

free-riders close to certitude, which it is too restrictive to fit well with reality. However,

15 p4(F > 1) accurately expresses this absence of tolerance because it expresses that the presence of just
one free-rider (or the belief that there is a free-rider also because of an erroneous evaluation) is sufficient

to trigger the defection.
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we can easily assume that the agent can choose to stop to cooperate in absence of
certitude as well, without any change in the conclusion drawn in the cascade of
defections mentioned earlier. In fact, for having at least one agent that stops to cooperate
at every period is sufficient to assume that the probability P4(F > 1) must be

positive: !
0<PIF=1)<1 VnenN. (39)

Furthermore, it could be assumed that the agent can consider an estimated presence of
only one free-rider inadequate to start a trigger strategy, but she may choose to defect
for more than one estimated free-rider. In this case, agent n is willing to accept the

presence of a physiological number of free-riders, ¢,, inside the group.

We can also extend the nature of this physiological number of free-riders to include
those who erroneously behave as free-riders. This implies that the agent accepts the
presence of a given number of agents within his group of harvesting who behave in a
manner compatible with free-rider intentions. This extension opens up the opportunity
of introducing heterogeneity within the model, in particular, making it possible to have
both pure naive agents and agents that are conscious of the possibility of an erroneous
implementation of a free-riding harvested amount. For naive agents, q, represents
merely the acceptable number of free-riders within the group, whereas for the second
one it represents the acceptable number of individuals that behave like a free-rider, that
includes even those who erroneously act as free-riders.!” A sufficiently large probability

that the estimated number of free-riders is greater that g, will induce the agent to defect.

Hence, P, (F > q,) is defined as the probability - estimated by the agent n — of presence

161t is trivial that if the defection occurs for a probability of the presence of a free-rider lower that one,

the result is the same as obtained when the defection begins just in presence to the certitude.

17 For the simplicity of narration, for both kinds of agents, q,, refers to the physiological number of free-

riders within the group (without specifying the peculiarity of the case of the no-full naive agents).
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of more free-riders than the physiological one, among the N-n agents who, with their

higher harvesting, cause to agent n harm; such that:

Fy
R(F>a)= Y PF=9. (40)

q=qn+1

The conditions necessary for the defective choice are as follows:
P,(F > qn)s = PE(F > q,) with q, < F,, (41)

where B, (F > q,)s is the probability evaluated at time s in [0,7] such that the agent
stops cooperating when at time s the condition in (31) is verified, and the estimated
number of agents that harvest a compatible free-rider amount exceeding the

physiological one for a sufficiently large probability of at least BE(F > q,,), where:
0<PBi(F=q,)<1 Vmnen. (42)

The only condition over q, is that it must be lower than F,, that is the conditio sine qua
non to have a conditional cooperant. In fact, if hypothetically the agent takes the non-
cooperative amount only if the number of evaluated free-riders is greater that F,, it
means that she is willing to defect for an evaluated presence of free-riders between the
N-n agents that cause her damage greater than the number that she has assumed to be
present in the group of N agents, but this is not a real possibility of defecting. In this
case the behavior is the behavior of an unconditional cooperant, that a priori and

independently by other elements, always chooses the cooperative amount.

Now, continuing to refer to the strategy defined in (33), but where the condition for

harvesting Anax at time ¢ > s is P, (F = q,,)s = BE(F = q,) A h;(s) > h(s), in others
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cases the agent cooperates,'® assuming the condition expressed in (41) and (42), it is
evident that when we assume g, = 0, given the cardinal order defined in (38), for n that

approaches to 1 in the (40), we have:
lim B,(F > qn) = 1. (43)

So also extending the properties of the agent’s behavior to the condition (41) and (42),
at least one agent in each period is in the condition to defect because given the result
obtained in proposition 1 that guarantees the existence of a time s in [0,7] such that
hj(s) > h;,(s), and given that 0 < PY(F >=q,) <1V ne(1,N), the result in (43)

ensures that the condition in (41) is verified. Therefore, it is possible assert:

Lemma 3: If each agent assigns a positive p, (f) for every other agent, and for each
agent the probability of an excessive number of free-riders that implies the defection is
0 < B(F > q,) < 1 withq, < FE,, then for every period after time s at least one

agent inside the group will stop to cooperate.

This leads to a decrease in the cooperative behaviors with the passing of the
interactions, and this decrease depends not on the real presence of an excessive number
of free-riders but on the impossibility to distinguish the free-rider attempts from the

cooperative but present-bias choices.

6.2 Conditions for the harvesting strategy

Until now, the only strategy set considered was one that prescribes, as a defective

3The set of strategies that leads to cascading defections is wider and does not require the strict adoption

of the Nash dominant harvesting, as will be shown in the following.
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choice, the non-cooperative dominant strategy, h,(t) = Rpq, ut, it is possible to
consider a wider range of defective strategies. It will be shown that when an agent
adopts a tit-for-tat strategy, it is possible it will result in a cascade of defections,
especially if the defective choice is different from the non-cooperative dominant ones.
In fact, it is sufficient to consider the adoption of a strategy that prescribes, that when
the conditions given by (31) and (41) occur, the agent increases his harvesting of an
amount arbitrarily greater than those of the precedent period and, that the new amount
also guarantees a harvesting greater than the cooperative amount. If after the increase,
the defective conditions no longer hold true, the agent maintains a harvesting amount
not lower than the previous one, h, (t — 1), provided that this amount is greater than the
cooperative one for period #, in order to maintain the non-cooperative behavior.
Otherwise, she will harvest an amount arbitrarily greater than the cooperative one, to
maintain the decision to stop cooperating after the defection conditions are verified the
first time; and, the increase in the harvesting occurs each time that the defective

conditions are verified in order to avoid the permanence of the damaging situation. In

this case,
hy (1) t<sm
hn (1) = hn(t = 1) + €, (1) t>s, Vt=s+1ifh,(t—1) > hS(t)
max{hy(t) + €,(t), hp(t — 1)} otherwise (44)

with t € [0,T], Sy = min(S,), s € S,<10,T],

where S, is the set of all the periods s in [0, T] such that the condition (31) and (41) are
simultaneously verified. Furthermore, the arbitrary increase must be a strictly positive

amount just sufficient to have h,, (t) > h§(t) and h,,(t) > h,(t — 1), defined as:

en(t) = f(t, hp(£)) > 0 : hy(t) > hE() Ahy(t) > h,(t— 1). (45)

As shown earlier in proposition 1, there exists at least a time t; in [0,T] such that
h,(t,) > h5(t,) when the agent has cooperative but biased preferences, and t is

defined as the first period in which, because of the heterogeneity in the bias discount
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factor, given the implication of (23), h;(t,) > h§(t;,) with j # n; and at time t;, at least
one agent is in the position to defect in the next round, as shown in lemma 3, because at
time t; at least for the agent in the first position in the order expressed in (38), the

condition in (41) is verified. Hence it is possible to define:
At, € [0,T] © Ay, Py(F > qu)y, = PE(F > qy) A hi(ty) > hi(ty), (46)

where A, is the order as in (38) defined at time t,.

Lemma 3 has already revealed that (46) holds true at least for one agent at each period
after time t, when B,(f) > 0,0 < B(F > ¢q,) < 1and q, < E,. In fact, assuming
the strategy set (44), that includes not only the dominant Nash strategies, but all the
amounts that respond to a defective intention of the agent, for all the agents within the
group of N, and defining an order as in (38), we have that for every order 4, for ¢ in
[ty, T], given (42) and (30), at least for the agent in the first position of the order, the
probability of the presence of an excessive number of free-riders approaches certitude.

Hence, we obtain that:
vt € [t,, T] 3 A;| forn—> 1 lim B,(F > q,) = 1. (47)

It is, therefore, possible to assert the following:

Proposition 3: In every period t € [t;,, T], at least one agent is under the condition to
increase the harvesting amount in the next period #+1, adopting a non-cooperative

behavior, that referring to the strategies set defined in (44) implies that:
Vte[t, T]IneEN: t=s,s€S,.

Consequently, if at time ¢, with t € [t,,T],3n € N : h,(t) = h5(t), then

An€eN: h,(t+1)>h,(t) A hy(t+1)>h§(t+1).
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It is thus very clear that during each period some agent increases his harvesting, moving
away from the cooperative behavior. This implies a tendency over time to change the
order of the agents derived from their harvesting level, with a translation of the already
defective agents to a higher position in the order. In this way, the ones who are still
cooperative take their place on the lower-side positions observing, time-by-time, the
increase in the probability that implies defective choices. This phenomenon determines

the increase in the agents that defect by their cooperative behavior over time.

In fact, assuming the condition revealed in the model, it is given a context that for his
peculiarities has always at least one agent in the stage of increasing his harvesting over
the cooperative level. Therefore, with the passage of interactions, the cooperative agents
decrease inducing other agents to defect. Agents defect due to their own lower
harvesting and the increase in the value of the probability as expressed in (40) until the
level in which the condition expressed in (41) is verified. The consequence of the
dynamics exposed is a general progressive increasing of amounts harvested, and a

progressive decay of the cooperative behaviors within the group.

7. Conclusion and final remarks

This work has shown that when the agents are conditional cooperators, the present-bias,
in the absence of appropriate information or institutions that facilitate the coordination,
can trigger a cascade of defections from the cooperative strategy like those observed in
the controlled experiments. Moreover, it shows the conditions and dynamics under

which the number of individuals that choose to stop to cooperate grows over time.

It is revealed that, if agents estimate the presence of free-riders within the group of
harvesters using their long-term memory, without information regarding the real number
of free-riders, the adoption of defective strategies is generated by the misunderstanding
regarding the real intention of the present biased agents and by the restricted self-

knowledge regarding their own present biased preferences.

31



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

Thus, when agents behave conformably to their biased preferences, without any
instrument of coordination that sustain their existing desire of cooperation, they direct a

suboptimal allocation of the amount harvested, damaging themselves and the others.

Therefore, the existence of a cascade of defections, which is also seen in presence of the
cooperative and prosocial preferences, can be explicated by the dynamics triggered by
present-biased behaviors when the harvesters cannot distinguish biased choices from
free-rider attempts. In this case the decline in cooperation in the management of
commons could be mitigated by adopting instruments designed to oppose the effect of
present-biased preferences Therefore, the drop in cooperative behaviors can also be an
effect of the absence of institutional instruments to improve the coordination in the face

of the cognitive bias that affects human behaviors.

The model presented responds to the idea that a true representation of human behavior
in the social intertemporal dilemma requires the inclusion of the complexity in the
decision-making process, in particular, of the cognitive factors that affect the choices.
These because it is not possible to ignore the social dimension of the human nature
when common resources are involved. In fact, on the one hand, the adoption of
sustainable and cooperative behavior in relevant social dilemmas depends on the degree
of consciousness regarding the effect of the agents’ own behaviors on others, showing
interest and care for the common resources. This propensity finds form in the
cooperative and other-regarding motives. On the other hand, the choices reflect the
capability of a correct evaluation of the costs and benefits that are derived from their
own decisions. The intertemporal decision-making process that directs the choices is
also the way in which individuals solve social dilemmas. It is within this process that
the social preferences find realization. It thus becomes clear that the cognitive aspects
and the behavioral traits of the intertemporal choices, such as present-bias, are
fundamental elements that offer a representation of social dilemmas. So the analysis of
present biased preferences in the intertemporal dynamic is essential in order to obtain a

full understanding of the dynamics of harvesting (and overharvesting) from the
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commons. This understanding is also necessary to define and create suitable instruments

that can sustain cooperative preferences.

The results obtained in this work show with clarity that the cognitive factors that affect
the intertemporal ability of the agents are greatly involved in the abandonment of
cooperative interaction over time. However, this is a part of the complexity of human
decisions, where the causes of a given behavior all interact. Present-bias is one piece of
the puzzle that, together with the free-rider opportunities, explicates the phenomena
observed. In fact, the rapidity of the cascading defections depends upon several factors.
In particular, the presence of heterogeneity in the intentions can contribute to a new
complexity of the dynamic. But the presence of free-riders, together with the
cooperative present-biased agents, can only be an additional factor in the rapidity of
abandonment of cooperative behaviors. Of course, decay in the cooperative intentions
can also occur independently from the present-bias if the real free-riders are present in
an excessive quantity, per se. Although these elements affect the rapidity and
complexity of the defective cascade, but it was not the aim of this work to define this
speed. Instead, the claim was to show that the observable and observed decay of the
cooperative choices in the common resources dilemmas are not a unique and
unequivocal signal of an increase in the free-riding intentions, but can also result from

present biased preferences and myopic behaviors of the cooperative agents.

In conclusion, the present biased preferences can lead to the application of a trigger
strategy that can direct the community to excessively increase their harvesting level,
even if their other-regarding motives were cooperative. Therefore, a decrease in the
cooperative intentions can also be the effect of the absence of coordination instruments

in the face of the cognitive bias that affects human behaviors.

These conclusions are relevant and useful for policies whose goal it is to support the
cooperative and sustainable behaviors in the management of the common resources. In
fact, sustaining the diffusion of the prosocial preferences, if it is an essential prerequisite
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for the adoption of the cooperation in the commons, cannot offer the results desired if
the individuals and the community lack the necessary instruments for the wise

management of resources in the face of the risk connected to the present-bias.

In fact, human behavior follows complex dynamic and decision-making processes. The
cognitive dimension plays a crucial role and present-bias is one of the elements that,
moving far from pure rational behavior, increases the complexity of the human
interaction in the commons. For these reasons, further studies should be included on the
interrelation between these cognitive intertemporal elements and the social dimension of

the human nature.

References

Alpizar, F., Carlsson, F., & Johansson-Stenman, O. (2008). Anonymity, reciprocity, and
conformity: Evidence from voluntary contributions to a national park in Costa
Rica. Journal of  Public Economics, 92(5-6), 1047-1060.
doi:10.1016/j.jpubeco.2007.11.004

Andreoni, J. (1988). Why free ride?. Strategies and learning in public goods
experiments. Journal of Public Economics, 37(3), 291-304. doi:10.1016/0047-
2727(88)90043-6

Andreoni, J. (1990). Impure Altruism and Donations to Public Goods: A Theory of
Warm-Glow Giving. The Economic Journal, 100(401), 464. doi:10.2307/2234133

Ashraf, N., Karlan, D., & Yin, W. (2006). Tying Odysseus to the Mast: Evidence From a
Commitment Savings Product in the Philippines. The Quarterly Journal of
Economics, 121(2), 635-672. doi:10.1162/qjec.2006.121.2.635

Bechara, A. (2005). Decision making, impulse control and loss of willpower to resist

drugs: A neurocognitive perspective. Nature Neuroscience. doi:10.1038/nn1584

Bechara, A., Damasio, H., Damasio, A. R., & Lee, G. P. (1999). Different contributions
34



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

of the human amygdala and ventromedial prefrontal cortex to decision-making.

The Journal of neuroscience : the official journal of the Society for Neuroscience,

19(13), 5473-5481. doi:0270-6474/99/19135473-09$05.00/0

Benabou, R., & Tirole, J. (2003). Intrinsic and Extrinsic Motivation. Review of
Economic Studies, 70, 489—-520. doi:10.1111/1467-937X.00253

Bolton, G. E., & Ockenfels, A. (2000). ERC: A theory of equity, reciprocity, and
competition. American Economic Review, 90(1), 166—-193.

do1:10.1257/aer.90.1.166

Breiter, H. C., & Rosen, B. R. (1999). Functional magnetic resonance imaging of brain
reward circuitry in the human. Annals of the New York Academy of Sciences, 877,

523-547. doi:10.1111/5.1749-6632.1999.tb09287.x

Brekke, K. A., & Johansson-Stenman, O. (2008). The behavioural economics of climate
change.  Oxford Review of  Economic  Policy, 24(2), 280-297.
doi:10.1093/oxrep/grn012

Cardinal, R. N., Parkinson, J. A., Hall, J., & Everitt, B. J. (2002). Emotion and
motivation: The role of the amygdala, ventral striatum, and prefrontal cortex.

Neuroscience and Biobehavioral Reviews. doi:10.1016/S0149-7634(02)00007-6

Carlsson, F., & Johansson-Stenman, O. (2012). Behavioral Economics and
Environmental Policy. Annual Review of Resource Economics, 4(1), 75-99.

doi:10.1146/annurev-resource-110811-114547

Casari, M., & Plott, C. R. (2003). Decentralized management of common property
resources: Experiments with a centuries-old institution. Journal of Economic

Behavior and Organization, 51(2), 217-247. doi:10.1016/S0167-2681(02)00098-7

Charness, G., & Rabin, M. (2002). Understanding Social Preferences with Simple Tests.
The Quarterly Journal of Economics, 117(3), 817-869.
doi:10.1162/003355302760193904

Charness, G., & Villeval, M. C. (2009). Cooperation and competition in

35



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

intergenerational experiments in the field and the laboratory. American Economic

Review, 99(3), 956-978. doi:10.1257/aer.99.3.956

Chaudhuri, A. (2011). Sustaining cooperation in laboratory public goods experiments: A
selective survey of the literature. Experimental Economics, 14(1), 47-83.

do0i:10.1007/s10683-010-9257-1

Damasio, A. R. (1994). Descartes’ error: emotion, reason, and the human brain.

Putnam.

Dawes, R. M., & Thaler, R. H. (1988). Anomalies: Cooperation. Journal of Economic
Perspectives, 2(3), 187-197. doi:10.1257/jep.2.3.187

Della Vigna, S. (2009). Psychology and Economics : Evidence from the Field. Journal
of economic literature, 47(2), 315-372. doi:10.1257/je1.47.2.315

Falk, A., & Fischbacher, U. (2006). A theory of reciprocity. Games and Economic
Behavior, 54(2), 293-315. doi:10.1016/j.geb.2005.03.001

Fehr, E., & Giéchter, S. (2000). Cooperation and punishment in public goods
experiments. American Economic Review, 90(4), 980-994.

do1:10.1257/aer.90.4.980

Fehr, E., & Leibbrandt, A. (2011). A field study on cooperativeness and impatience in
the Tragedy of the Commons. Journal of Public Economics, 95(9—-10), 1144—-1155.
doi:10.1016/j.jpubeco.2011.05.013

Fehr, E., & Schmidt, K. M. (1999). A Theory of Fairness, Competition, and
Cooperation. The Quarterly Journal of Economics, 114(3), 817-868.
doi:10.1162/003355399556151

Fischbacher, U., & Gichter, S. (2010). Social preferences, beliefs, and the dynamics of
free riding in public goods experiments. American Economic Review, 100(1), 541—

556. doi:10.1257/aer.100.1.541

Fischbacher, U., Géchter, S., & Fehr, E. (2001). Are people conditionally cooperative?
Evidence from a public goods experiment. Economics Letters, 71(3), 397-404.

36



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

doi:10.1016/S0165-1765(01)00394-9

Frederick, S., Loewenstein, G., & O’donoghue, T. (2002). Time Discounting and Time
Preference: A Critical Review. Journal of Economic Literature, 40(2), 351-401.
doi:10.1257/jel.40.2.351

Frey, B. S., & Meier, S. (2004). Pro-social behavior in a natural setting. Journal of
Economic Behavior and Organization, 54(1), 65-88.
doi:10.1016/j.jebo.2003.10.001

Gichter, S. (2007). Conditional cooperation : Behavioral regularities from the lab and
the field and their policy implications about the Centre or contact. Economics and
Psychology. A Promising New Cross-Disciplinary Field, April 2006(2006-3), 19—
50.

Gigerenzer, G., Hoffrage, U., & Kleinbolting, H. (1991). Probabilistic mental models: A
Brunswikian theory of confidence. Psychological Review, 98(4), 506-528.
doi:10.1037/0033-295X.98.4.506

Gintis, H. (2000). Beyond Homo economicus: Evidence from experimental economics.

Ecological Economics, 35(3), 311-322. doi:10.1016/S0921-8009(00)00216-0

Gintis, H. (2009). The bounds of reason : game theory and the unification of the
behavioral sciences. Princeton University Press.

Gintis, H., Bowles, S., Boyd, R., & Fehr, E. (2003). Explaining altruistic behavior in
humans. Evolution and Human Behavior, 24(3), 153—172. do0i:10.1016/S1090-
5138(02)00157-5

Gowdy, J. M. (2008). Behavioral economics and climate change policy. Journal of
Economic Behavior & Organization, 68, 632—644. doi:10.1016/j.jebo.2008.06.011

Gruber, J., & Koszegi, B. (2001). Is Addiction “Rational”? Theory and Evidence. The
Quarterly Journal of Economics, 116(4), 1261-1303.
doi:10.1162/003355301753265570

Gsottbauer, E., & van den Bergh, J. C. J. M. (2011). Environmental Policy Theory

37



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

Given Bounded Rationality and Other-regarding Preferences. Environmental and

Resource Economics, 49(2), 263—304. doi:10.1007/s10640-010-9433-y

Hariri, A. R., Bookheimer, S. Y., & Mazziotta, J. C. (2000). Modulating emotional
responses: effects of a neocortical network on the limbic system. Neuroreport,

11(1), 43-48. do0i:10.1097/00001756-200001170-00009

Hariri, A. R., Brown, S. M., Williamson, D. E., Flory, J. D., de Wit, H., & Manuck, S. B.
(2006). Preference for Immediate over Delayed Rewards Is Associated with
Magnitude of Ventral Striatal Activity. Journal of Neuroscience, 26(51), 13213—
13217. doi:10.1523/INEUROSCI.3446-06.2006

Hariri, A. R., Tessitore, A., Mattay, V. S., Fera, F., & Weinberger, D. R. (2002). The
Amygdala Response to Emotional Stimuli: A Comparison of Faces and Scenes.

Neurolmage, 17(1), 317-323. doi:10.1006/nimg.2002.1179

Harris, C., & Laibson, D. (2001). Dynamic choices of hyperbolic consumers.
Econometrica, 69(4), 935-957. doi:10.1111/1468-0262.00225

Henrich, J., Boyd, R., Bowles, S., Camerer, C. F., Fehr, E., & Gintis, H. (2005).
Foundations of Human Sociality: Economic Experiments and Ethnographic

Evidence from Fifteen Small-Scale Societies. doi:10.1093/0199262055.001.0001

Hepburn, C., Duncan, S., & Papachristodoulou, A. (2010). Behavioural economics,

hyperbolic discounting and environmental policy. Environmental and Resource

Economics, 46(2), 189-206. doi:10.1007/s10640-010-9354-9

Herr, A., Gardner, R., & Walker, J. M. (1997). An Experimental Study of Time-
Independent and Time-Dependent Externalities in the Commons. Games and

Economic Behavior, 19(1), 77-96. doi:10.1006/game.1997.0541

Isaac, R. M., Walker, J. M., & Williams, A. W. (1994). Group size and the voluntary
provision of public goods. Experimental evidence utilizing large groups. Journal of

Public Economics, 54(1), 1-36. doi:10.1016/0047-2727(94)90068-X

Isaacson, R. L. (1974). The limbic system. Plenum Press.

38



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

Knutson, B., Fong, G. W., Adams, C. M., Varner, J. L., & Hommer, D. (2001).
Dissociation of reward anticipation and outcome with event-related fMRI.

Neuroreport, 12(17), 3683-3687. doi:10.1097/00001756-200112040-00016

Laibson, D. (1997). Golden Eggs and Hyperbolic Discounting. The Quarterly Journal
of Economics, 112(2), 443-478. doi:10.1162/003355397555253

Laibson, D. 1., Repetto, A., Tobacman, J., Hall, R. E., Gale, W. G., & Akerlof, G. A.
(1998). Self-Control and Saving for Retirement. Brookings Papers on Economic

Activity, 1998(1), 91. doi:10.2307/2534671

LeDoux, J. E. (1996). The Emotional Brain. The emotional brain: The mysterious
underpinnings of emotional life. doi:10.1007/978-1-4899-0591-8

Ledyard, J. O. (1994). Public goods: A survey of experimental research. Handbook of
Experimental Economics, 112—193. doi:10.1016/0037-7856(73)90129-7

Loewenstein, G. F., Rick, S., & Cohen, J. D. (2008). Neuroeconomics. Annual review of
psychology, 59, 647-72. doi:10.1146/annurev.psych.59.103006.093710

Loewenstein, G., & Prelec, D. (1992). Anomalies in Intertemporal Choice: Evidence
and an Interpretation. The Quarterly Journal of Economics, 107(2), 573-597.
doi:10.2307/2118482

McClure, S. M., Berns, G. S., & Montague, P. R. (2003). Temporal prediction errors in a
passive learning task activate human striatum. Neuron, 38(2), 339-346.

doi:10.1016/S0896-6273(03)00154-5

McClure, S. M., Ericson, K. M., Laibson, D. 1., Loewenstein, G., & Cohen, J. D.
(2007). Time Discounting for Primary Rewards. Journal of Neuroscience, 27(21),
5796-5804. doi:10.1523/INEUROSCI.4246-06.2007

McClure, S. M., Laibson, D. 1., Loewenstein, G., & Cohen, J. D. (2004). Separate
neural systems value immediate and delayed monetary rewards. Science (New

York, N.Y.), 306(5695), 503—7. doi:10.1126/science.1100907

Meier, S., & Stutzer, A. (2008). Is volunteering rewarding in itself? Economica,

39



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

75(297), 39-59. doi:10.1111/.1468-0335.2007.00597 .x

O’Donoghue, T., & Rabin, M. (1999). Incentives for Procrastinators. The Quarterly
Journal of Economics, 114(3), 769-816. doi:10.1162/003355399556142

O’Donoghue, T., & Rabin, M. (2002). Addiction and Present-Biased Preferences (No.
E02-312). www.people.cornell.edu/pages/edol/. Accessed 26 November 2017

Ostrom, E. (2000). Collective Action and the Evolution of Social Norms. Journal of
Economic Perspectives, 14(3), 137-158. doi:10.1257/jep.14.3.137

Ostrom, E., Gardner, R., & Walker, J. (1994). Rules, games, and common-pool

resources. University of Michigan Press.

Ostrom, E., Walker, J., & Gardner, R. (1992). Covenants with and without a Sword:
Self-Governance Is Possible. American Political Science Review, 86(2), 404—417.
doi:10.2307/1964229

Pattij, T., & Vanderschuren, L. J. M. J. (2008). The neuropharmacology of impulsive
behaviour. Trends in Pharmacological Sciences. doi:10.1016/j.tips.2008.01.002

Pevnitskaya, S., & Ryvkin, D. (2013). Environmental context and termination
uncertainty in games with a dynamic public bad. Environment and Development

Economics, 18(1), 27-49. doi:10.1017/S1355770X12000423

Persichina, M., 2019 a. Other-Regarding Preferences and Social Norms in the
Intergenerational Transfer of Renewable Resources when Agent has Present-biased

Preferences. Munich Personal REPEC Archive (MPRA), Issue 97150

Persichina, M., 2019 b. Present Bias in Renewable Resources Management Reduces

Agent’s Welfare (No. 97144), MPRA Paper

Rabin, M. (1993). Incorporating Fairness into Game Theory and Economics. The
American Economic Review. American Economic Association.

doi:10.2307/2117561

Rachlin, H. (1989). Judgment, decision, and choice : a cognitive/behavioral synthesis.
W.H. Freeman.

40



Cascading Defections from Cooperation Triggered by Present-Biased Behaviors in the Commons

S. Frey, B., & Stutzer, A. (2006). Mispredicting Utility and the Political Process.

Behavioral Public Finance.

Sally, D. (1995). Conversation and Cooperation in Social Dilemmas. Rationality and

Society, 7(1), 58-92. doi:10.1177/1043463195007001004

Strotz, R. H. (1955). Myopia and Inconsistency in Dynamic Utility Maximization. 7he
Review of Economic Studies, 23(3), 165. d0i:10.2307/2295722

Thaler, R. H. (1981). Some empirical evidence on dynamic inconsistency. Economics

Letters, 8(3),201-207. doi:10.1016/0165-1765(81)90067-7

Thaler, R. H., & Shefrin, H. M. (1981). An Economic Theory of Self-Control. Journal
of Political Economy, 89(2), 392—406. doi:10.1086/260971

van der Pol, M., & Cairns, J. (2002). A comparison of the discounted utility model and
hyperbolic discounting models in the case of social and private intertemporal
preferences for health. Journal of Economic Behavior & Organization, 49(1), 79—

96. doi:10.1016/S0167-2681(02)00059-8

Wertenbroch, K. (1998). Consumption Self-Control by Rationing Purchase Quantities of
Virtue and Vice. Marketing Science, 17(4), 317-337. doi:10.1287/mksc.17.4.317

41



	1. Introduction
	2. Present bias and why take care of it in the commons
	3. Harvesting model and baseline emerged behaviors
	4. Cooperation failure due to the present-bias
	5. A restrictive case of cascading defections
	6. Extensive cases: condition for a cascade of defections
	6.1 Condition regarding the critical value to defect
	6.2 Conditions for the harvesting strategy

	7. Conclusion and final remarks
	References

