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Abstract

Reconciling resource conservation with an increase in consumption levels remains
one of the key challenges of economic policy. Recently, the literature has considered
the contribution of altruism in game theoretical settings, albeit to a lesser extent in re-
solving the growth-conservation nexus. Taking these factors individually, the conclusion
has been broadly positive. This paper adds to the literature by jointly considering these
two driving factors in a unified framework. By using a simple game theoretical model
of a commons resource, we demonstrate that the simultaneous presence of altruism and
the valuation of resource amenities can militate against conservation. The mechanism
is subtle: In a user population with two types (selfish, altruistic), the consumption ex-
ternality induced by altruism renders more selfish behavior as a rational response of the
altruistic type today.
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1 Introduction

A conservationist’s aim of preserving a resource and the economist’s aim of raising house-
holds’ consumption levels remain two prominent topics difficult to reconcile. Yet the issue
continues to challenge both researchers as well as environmental protectionists to solve this
key problem of economic policy.

Not only do environmental resources serve as a factor to produce ordinary goods, they
also contain amenity values for people to enjoy. Conserving natural resources in order to
maintain the pleasance of their mere presence is a ubiquitous conflict most people suffer
from. These resources do not only find their application for the use of production goods,
unwanted by-products of production often come along too. This phenomenon is seen in the
course of hazardous waste or polluting rivers, which generate their own destructive impacts
on nature as well as on society [16, 238 f.]. The problem of excessive resource exploitation
is often nonetheless induced by the underpricing of natural resources [16] because amenity
values are difficult to capture.

The motivation of this paper is to investigate a Common Access Resource Game in the
course of heterogeneous agents. These agents differ in terms their utility function, with an
altruistic agent facing a consumption externality induced by the utility level of the egois-
tic agent entering the utility of the altruist. This paper tries to answer the question whether
agents’ steady state consumption increases in the course of pure altruism. One would expect
altruism and the valuing of resource amenities to enhance the conservationist’s aim of pre-
serving more. This paper examines whether these apparent friends, i.e. amenity values and
altruism, are a conservationist’s dear friends indeed.

As [14] defines conservation economics as the husbanding of natural resource stocks
for the use of future generations, the necessity of analyzing behavioral aspects for present
research becomes crucial. Finding the right balance between conserving and consuming does
not only concern a benevolent planner, but people the same way as a result of an increasing
awareness among society.

Particularly common pool resources remain a challenging research topic, as its loss or
extinction can be caused by several economic reasons. [17] point out to these reasons by
defining common-pool resources as those “in which (i) exclusion of beneficiaries through
physical and institutional means is especially costly, and (ii) exploitation by one user reduces
resource availability for others.” Agents using a commons can bring about solutions to over-
come the tragedy of the commons. As [17] indicate the necessity of self-regulating its own
use, a commons is supposed to offer incentives which refrain people from overconsumption.
Whereas existing literature is more concerned with users’ regulation, the motivation for this
paper is to consider intrinsic motives and its relationship to conservation motives.
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By introducing a two-player-type game with a growing resource, I analyze the consump-
tion behavior of both players in a Nash equilibrium and whether these results are efficient or
not.

2 Related Literature

Agents’ behavior is no longer said to be the same and different characteristics of agents are
more important than one assumes. Experimental studies in game-theoretical settings deal
with this topic and by far, show that altruism among agents is more present and realistic than
ever before.

[5] discuss different types of non-pecuniary motives when modeling behavior in games
and find in accordance to their data sample that altruistic behavior plays a significant role in
players’ decisions.

[9] distinguishes between two types of altruism: unconditional and reciprocal altruism.
She defines unconditional altruism as a type which contains both simple altruism, warm-glow
altruism and egalitarianism [9]. As [5] mentions, reciprocity theories assert that regard for
the other player’s payoff depends on how nice the other player is perceived to be. [9] tests
the effects of context-rich attitudinal measures of reciprocal and unconditional altruism on
offers in a charity game with real-life recipients and shows significant results for both cases.
[8] show that people can be conditionally cooperative in a public-goods game and interpret
this cooperative behavior as a type of altruism. In this paper, we will focus on pure altruism
agents have towards their fellow ones.

The basic story of this paper has similarities to the paper of Gary Becker [2] about the
so-called ”Rotten-Kid Theorem”, which was extended by Theodore Bergstrom’s paper in
1989 [3]. This theorem says that if there is a benevolent household member who spends gifts
of money income to other family members, even if they are selfish, these selfish members
would still have an incentive to maximize total family income. In this paper however, a raise
in welfare is difficult to determine as all members derive a higher utility from consumption
and from the presence of the resource stock. Thus, even if consumption for all members
rises, the stock necessarily has to decline. Welfare effects are not obviously clear as to which
direction they go.

Starting with Garrett Hardin’s prominent work on the tragedy of the commons [11], this
topic of a commons induced a broad literature range on the problem of common pool re-
sources. These models of the commons contain either an evolutionary game-theoretical ap-
proach or a resource economics approach. A prominent paper in evolutionary game theory
is given by the work of [18, Sethi and Somanathan 1996], which combines these two disci-
plines into one framework. They show that socially-guided norms, resulting in punishment
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or restraint can result in a stable Nash equilibrium which is consistent against self-interested
behavior. Another dynamic resource model dealing with the tragedy of the commons is given
by [4]. They come to the conclusion that the intrinsic growth rate of the commons accounts
for an essential role in determining either success or failure of sustainable resource existence.

[1] consider a growth model with a focus on preference uncertainty to account for a
more conservative behavior or not. This paper presents a mechanism for which altruism is
firmly connected to people’s conservation motives. When unifying steady state analysis and
dynamic efficiency with the concept of an open-loop Nash equilibrium into one framework,
the model determines whether agents refrain themselves from consumption or if they entail
acceleration of extinction.

The set-up of the model is simple: we are looking at a simple amenity-consumption prob-
lem including a commons with a resulting logistic growth function as it has been widely used
by [16, 6, 4] and others. Second, the model distinguishes between selfishly-behaving agents
and altruistically-behaving agents. The egoistic agent imposes a consumption externality on
the altruist as this pure altruist gains utility out of the utility, and with that, out of consumption
of the egoistic agent.

The Common Access Resource Game integrates dynamic efficiency into a 2-player game
and shows that these driving factors, i.e. altruism and resource amenity values, are the key
factors of a mechanism design. The mechanism is subtle: Because altruism incorporates a
consumption externality, agents are more prone to opt for a consumption path far beyond
conservative. Although one would expect altruism and resource amenity values to favor a
conservationist’s aim of preserving the commons, this paper revives and investigates this
topic to decide whether these apparent friends are a conservationist’s dear friends indeed.

3 The Model

In this chapter we introduce a two-representative-player Common Access Resource Game
with both agents gaining utility out of their consumption and the mere presence of the re-
source stock. Both agents are facing a trade-off between resource consumption and resource
preservation. However, agents differ in terms of their behavior: they are either egoistic or
altruistic. Altruism here means pure altruism and this agent gains utility out of the utility
level of the egoistic agent in a positive way.

The economy consists of a renewable resource stock St , and S0 given, i.e. a commons,
which is the only source of consumption for all agents. The growth function of the commons
is given by a logistic growth function, G(S) = rSt(1− St

K ) , depending on the stock St , the
carrying capacity K, and the regeneration rate r ≥ 0.
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In general, one would expect a selfish agent to have a higher consumption level than an
altruist. However, the altruist instead faces pure altruism, i.e. he takes into account the utility
the selfish agent gains from consumption and the resource stock. Thus, the altruist is exposed
to a consumption externality.

Both two representative types of agent consume or ”harvest” the commons: the level of
total average consumption TCt is thus a sum of each individual consumption level Ci,t with
iε {e,a}of both the egoistic and the altruistic agent. The equation is given by TCt =Ce,t +Ca,t

with the subscripts e standing for an egoistic and a standing for altruistic agent respectively.
The evolution of the resource stock is defined as the level of growth subtracted by the

level of total consumption1:

Ṡ = rSt(1−
St

K
)− [Ce,t +Ca,t ] (1)

Consequently, the term on the right hand side in brackets denotes a sum of consumption
levels across both agents. In this case, a commons grows according to its logistic growth
function [16, 4, 6]. Agents can choose their consumption path and with that a conservation
path by choosing their level of consumption today.

The agents gain utility out of the presence of the resource stock on the one hand, which
serves as an amenity value, but gain utility out of consumption on the other hand.

Heterogeneity amongst agents implies two types deriving utility from consumption Ci

with iε {e,a} and the environmental resource St . The model presented in this chapter first
considers the representative egoistic agent and then discusses the representative altruistic
agent.

The egoist

The one period utility function of a representative selfishly-behaving agent in period t is
given by

Ui,t = ui(Ci,t ,St)+diu j(C j,t ,St) (2)

with i, j ¹ {e,a}and i 6= j. Considering the case of the egoistic agent, it holds that the
subscript i = e. The parameter di is a dummy and a factor of altruism; i.e. the following
holds:

di :=

0 i = e

1 i = a

1The basic setup can be viewed in [16]chapter 13
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In this case, the agent is only interested in maximizing his own current consumption and
his amenity value at the present date, because this in return, maximizes his utility. An altru-
istic agent gains a higher utility just from the presence of the resource and faces a dilemma
between consuming and enjoying the resource’s amenity value.

To specify this utility function, the model defines a utility function of the representative
egoistic agent of the Cobb-Douglas form:

u(Ce,t ,St) =
(Ce,tS

φ

t )
1−σ

1−σ
(3)

with σ denoting the intertemporal elasticity of substitution for consumption. The utility func-
tion can also be interpreted as a benefit function for the selfish agent [16]. As [1] mention
in their work, when σ is strictly less than one, sufficiency is guaranteed to ensure that u(,)
is concave and that the marginal utility of the commons decreases. Then the marginal utility
of consumption increases when the resource stock decreases (uCeS < 0): Utility faces a com-
pensation effect such as seen in [15](See also [1]). The parameter φ , which stands for the
relative preference of the resource stock, is constant across all egoistic agents with φ = S·uS

Ce·uCe
.

The optimization problem for the egoistic agent is defined as:

max
{Ce,t ,St}∞

t=0

ˆ
∞

0
e−ρtu(Ce,t ,St)dt

s.t. 
Ṡ = rSt(1− St

K )− (Ce,t +Ca,t)

St ,Ce,t ≥ 0

S0given,ρ > 0

with ρ denoting the discount rate.
The current value Hamiltonian for this problem is defined as:

H = u(Ce,S)+q
[

rS(1− S
K
)− (Ce +Ca)

]
(4)

with q denoting the shadow price of the commons. Using this, the model constitutes the
following results:
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uCe,t (Ce,t ,St)−q = 0 (MPa)

q̇
q = ρ−φ

Ce,t
S − (r−2rS/K) (PBa)

Ṡ
S = r(1−S/K)− Ce,t

S −
Ca,t

S (DCa)

(5)

and the transversality condition is:

lim
t→∞

e−ρtqtSt = 0 (6)

From the Maximization Principle (MPa) we obtain the result that the resource price is the
marginal benefit of consuming ordinary goods, which is sacrificed to provide environmental
amenity.

The portfolio balance (PBa) is obtained by rearranging q̇=−HS or q̇=−US(C,S)+q(r−
srS/K). Because the growth rate is given by G(S) = rS(1−S/K), the marginal growth rate
equals G′(S) = r−2rS/K. For values of S very close to K, marginal growth of S slows down
and the marginal rate of growth can become negative. The term q(r−2rS/K) can be thought
of as the value of physical appreciation or depreciation per unit of S [16]. The threshold for
the correct interpretation depends on whether S/K is smaller than 0.5 (physical appreciation)
or bigger than 0.5 (physical depreciation). Portfolio balance (PB) requires that the marginal
benefit of contemplating S, uS, equals the marginal cost of its depreciation, q · (r− 2rS/K),
and then capital gains equal zero [16, 240]. When interpreting (PBa), one can say that the
growth path of the shadow price of the selfish agent decreases if the term φ

Ce
S increases.

When implementing our definition of φ into this term, one obtains that−φ
Ce
S =− ue

S
ue

Ce
, which

is the inverse of the marginal rate of substitution between consumption and the stock. Thus,
if I substitute more, the negative effect on the growth path of the shadow price becomes less.

The dynamic constraint (DCa) shows how the resource grows over time and remains the
same for both agents.

When differentiating (MPa) with respect to Ce and S and plugging the results into the port-
folio balance (PBa) and using the dynamic constraint, one obtains the optimal consumption
growth path for the egoistic agent:

Ċe

Ce
=−σ

−1
[

ρ−σφ
Ce

S
+φ(1−σ)

Ca

S
−φ(1−σ)r(1− S

K
)− (r−2 · r S

K
)

]
(7)

The consumption growth path for the egoistic agent depends on his own consumption and
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the resource stock as well as the consumption level of the altruistic agent.
His steady state consumption level is then given by:

C?
e = (σφ)−1

[
φ(1−σ)Ca− rS(1− S

K
)(1+φ −σφ)+S(ρ− r

S
K
)

]
(8)

Proposition 1: Steady-state consumption of the egoistic agent rises when consumption
of the altruistic agent increases marginally. Egoistic consumption also rises when the re-
source stock increases marginally, as long as S

K >
[

r(1+φ−σφ)−ρ

2r(φ−σφ)

]
holds. It falls when the

regeneration rate increases marginally.

Proof 1 a), b) c) see Appendix. Interpretation of c): When the regeneration rate increases
by one unit, consumption of the egoistic agent falls. How do we interpret this? If the agent
thinks the renewable resource regenerates faster, he obtains a higher incentive to preserve
more by consuming less. This shows that scarcity in return, offers incentives to consume
even more.

The pure altruist

The altruistic agent in period t gains utility out of his current consumption and the re-
source stock in period t. The difference to the egoistic agent is that he also gains utility out of
utility level the selfish agent has. With that, the pure altruist gains utility out of consumption
of the egoistic agent. The egoist imposes a consumption externality on the pure altruist.

The utility function of the altruistic agent is then given by (with i = a and j = e and
di = 1):

Uat ,t = ua,t(Ca,t ,St)+ue,t(Ce,t ,St) (9)

To specify results, the function ua,t(Ca,t ,St) of the altruist is given by:

ua,t(Ca,t ,St) =

(
Ca,tS

φ

t

)(1−σ)

1−σ
(10)

or more specifically, his optimization problem is given by:

max
{Ca,t ,St}∞

t=0

ˆ
∞

0
e−ρtUa,t(Ce,t ,Ca,t ,St)

s.t.
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Ṡ = rSt(1− St

K )− (Ce,t +Ca,t)

St ,Ca,t ≥ 0

S0given,ρ > 0

The Hamiltonian is then given by:

H =Ua +µ[rS(1− S
K
)− (Ce +Ca)] (11)

with µ denoting the shadow price.
The optimal results are given by:

uCa,t (Ca,S)−µ = 0 (MPb)

µ̇

µ
= ρ−φ

Ca,t
S −

US(Ce,S)
UCa(Ca,S)

− (r−2rS/K) (PBb)

Ṡ
S = r(1−S/K)− Ce,t

S −
Ca,t

S (DCb)

(12)

The transversality condition is given by:

lim
t→∞

e−ρt
µtSt = 0 (13)

From the (MPb) it follows that the price of the resource should equal the marginal utility
of consumption for the altruistic agent. The dynamic constraint remains the same as above.
According to the optimality results of the altruistic agent, the portfolio balance shows that
µ̇ =−uS(Ca,S)−uS(Ce,S)−µ ·G′(S). Now for capital gains to be offset by marginal phys-
ical depreciation, the physical depreciation can be higher than for the egoist as the marginal
benefit is higher for the altruistic agent.

When differentiating (MPb) and equating this with (PBb), using also (DCb), one obtains
the consumption growth path for the altruistic agent:

Ċa

Ca
=−σ

−1
[

ρ−σφ
Ca

S
+φ(1−σ)

Ce

S
− r

S
K
− r(1− S

K
)(1+φ −σφ)− uS(Ce,S)

uCa(Ca,S)

]
(14)

Here we can see the consumption externality, i.e. uS(Ce,S)
uCa(Ca,S)

, which interferes with the
consumption growth path of the altruist. The externality consists of the ratio of the marginal
stock benefit of the egoist to the marginal consumption benefit of the altruist and has a positive
impact on the growth path of consumption for the altruist. The effect of this externality
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decreases if marginal benefit of consumption for the altruist increases.
When solving this for its steady state, the model defines the steady state consumption

level of the altruistic agent:

C?
a = (σφ)−1

[
−S

uS(Ce,S)
uCa(Ca,S)

+ρS+φ(1−σ)Ce− r
S2

K
− rS(1− S

K
)(1+φ −σφ)

]
(15)

Proposition 2: Steady-state consumption of the altruistic agent rises when consumption of
the egoistic agent increases by one unit. Altruistic consumption also rises when the resource
stock increases by one unit, as long as S

K >
[

r(1+φ−σφ)−ρ

2r(φ−σφ)

]
holds. Consumption falls when

the regeneration rate increases by one unit.

Proof a)-c): Appendix.

3.1 The Cournot-Nash equilibrium

We want to establish an open-loop Nash equilibrium which is efficient for both players. [10]
define an open-loop model as a model, in which players cannot observe the play of their
opponents, and for which the equilibria are more tractable than in the Markov Perfect (or
closed-loop) model. This tractability is ensured as players need not consider how their op-
ponents would react to deviations from the equilibrium path [10]. [19] also mention that an
open-loop strategy for player i is a function which determines for each (St , t) the value of the
control vector Ci,t . If this strategy however, does not contain St as an argument, it is called an
open-loop strategy. In this paper, Ci =Ci and is not an endogenous function of the stock. [19]
also mention that open-loop Nash equilibria are not subgame-perfect. This normally occurs
if player j for some reason deviates from his strategy, so that the actual value of St is different
from the one predicted by player i, who initially assumed that no deviation would occur. As
a result, it will no longer be in player i’s best interest to continue playing his original strategy
[19]. However, if the system is in its steady-state, no agent has an incentive to deviate from
this equilibrium.

The model can now constitute a Nash equilibrium with the use of the results obtained
before. We first want to define a Nash equilibrium in the amenity-consumption setting:

Definition 1: An open-loop Nash equilibrium in this consumption-amenity economy with
selfish and altruistic agents and homogenous resource preferences is a tuple of a sequence of
consumption and resource levels for each agent,
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{
[Ci,t ]i¹[e,a] ,

[
C j,t
]

j¹[e,a] , [St ]
}∞

t=0
i 6= j

that solves (2) subject to (1) for each agent; a sequence of resource shadow prices
{qt ,µt}∞

t=0that satisfies (MPa,b) , (PBa,b) and (DCa,b) for both types. An open-loop Cournot-
Nash equilibrium is a best response for each agent, given the other player’s strategies valued
at the steady-state.

Now we can implement the results obtained in Section 2 for the egoistic agent and im-
plement this into the steady-state consumption of the altruist to find one Nash equilibrium of
steady state consumption. It is possible that several Nash equilibria exist. We will focus on a
Nash equilibrium which also ensures non-declining growth paths.

In this two-player game, both agents have a strong power over the resource. We call this
equilibrium the Cournot-Nash equilibrium2 according to [7]:

C?
e = (2σφ −φ)−1

[
−rS(1− S

K
)(1+φ −σφ)− r

S2

K
+S
[

ρ− (1−σ)
uS(Ce,S)
uCa(Ca,S)

]]
(16)

and respectively for the altruist:

C?
a = (2σφ −φ)−1

[
−rS(1− S

K
)(1+φ −σφ)− r

S2

K
+S
[

ρ−σ
uS(Ce,S)
uCa(Ca,S)

]]
(17)

This Nash equilibrium supports the steady state. The two steady-state Nash values for
each agent only differ in the strength of the consumption externality. When calculating
σS uS(Ce,S)

uCa(Ca,S)
with concrete utility functions, the result is given by σφ

C1−σ
e

C−σ
a

for the altruist and

(1−σ)φ
C1−σ

e
C−σ

a
for the egoist respectively. This shows that in the steady state, the consump-

tion externality is defined by the preference parameter φ and the intertemporal elasticity of
consumption σ . Here, σ is also a strength parameter and shows the strength the consumption
externality has on each agent. What is more interesting: in the Nash equilibrium, the egoist
experiences his externality too.

2Ofcourse, this is not the typical Cournot game with two firms. However, the basic concept still remains the
same because there are two agents who both determine the amount of consumption they consume (instead of the
case with two firms, with both agents determining the amount supplied by each firm and the price depending on
the amount supplied by both). Here, the evolution of the commons depends on the consumption of both players.
The price system of the resource which is the shadow price in this case, depends on the resource stock and with
that, its evolution.
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For the values of Ce and Ca to be roughly positive, one should note that σ should be strictly
less than 1

2 as 1
φ(2σ−1) � 0 as φ is strictly positive. Otherwise ρ should be significantly large.

The steady state value of the commons is denoted by:

S =
K
2
±
√

K2

4
− K

r
(Ce +Ca)

When implementing the Nash values of consumption for both types into the steady state
value of S obtained from the dynamic constraint, one obtains the Nash value of the commons.

S? = K
[

1+
2
φ
− 2ρ

φr
+

2
φr

uS(Ce,S)
uCa(Ca,S)

]
(18)

The tuple (Ce,Ca,S,q,µ) constitutes a Nash equilibrium with each player playing the best
strategy when choosing his consumption.

In the next subsection we will compare our results with two egoists. In section 3.3. we
will check for efficiency.

3.2 Comparison: The Case of Two Egoists

The model introduces the same game structure as before, however now having two egoists
competing for one resource. The utility function is the same as given before in (3), with two
egoistic consumption levels, Ce1,t and Ce2,t . This implies that the evolution of the resource
stock is the same as in (1) except for the fact that the harvesting function is now consisting
of the sum of two egoists instead of one egoist and one altruist. Or more specifically, Ṡ =

rSt(1− St
K )− (Ce1,t +Ce2,t). The Hamiltonian for the first egoistic agent now looks like:

H = u(Ce,1,S)+κ[rS(1− S
K
)− (Ce1 +Ce2)] (19)

with κ denoting the shadow price. After solving this one obtains:

uCe1,t (Ce1,S)−κ = 0 (MPc)

κ̇

κ
= ρ−φ

Ce1,t
S −

(
r−2r S

K

)
(PBc)

Ṡ
S = r(1− S

K )−
Ce1,t

S −
Ce2,t

S (DCc)

(20)

And after rearranging terms, one obtains the growth rate of consumption for the first
egoistic agent:

12
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Ċe1

Ce1
=−σ

−1
[

ρ−σφ
Ce1

S
+φ(1−σ)

Ce2

S
− r

S
K
− r(1− S

K
)(1+φ −σφ)

]
(21)

And after solving this for its steady state:

C?
e1 = (σφ)−1

[
ρS− rS(1− S

K
)(1+φ −σφ)− r

S2

K
+φ(1−σ)Ce2

]
(22)

These results are symmetric for the other player.
When substituting the result of the steady state into the other agent’s reaction function,

the model constitutes the Cournot-Nash equilibrium for a two egoistic player setting:

C?
e1 = (2σφ −φ)−1

[
ρS− rS(1− S

K
)(1+φ −σφ)− r

S2

K

]
(23)

And again, symmetry holds for the other agent.
When comparing these results with the results obtained before for the egoistic agent,

and assuming that σ < 0.5, the egoist consumes more in its Nash steady state than in a
game with two egoists. That is, it should hold that 0 ≤ 1

φ(2σ−1)

(
−(1−σ)S us(Ce,S)

uCa(Ca,S)

)
which

is positive under the condition of σ . Altruism renders more consumption than one would
initially assume.

The steady state resource stock is given by:

S? = K
[
− 2ρ

r(φ +1)
+

(φ +2)
(φ +1)

]

3.3 Testing for Efficiency

In this section, we will check for efficiency by deriving the allocation that corresponds to
the social planner’s solution. We do this by assuming there is a central planner who allocates
the resource to the agents. The objective of this test is to show that altruism renders a higher
consumption level in the Nash game than a social planner would allocate.

As mentioned by [13] in their paper, to define a social welfare function can impose diffi-
culties when trying to include altruistic preferences into analysis. The model adopts the view
taken by social choice theorists such as [12], that the planner’s objective should not include
the altruistic components of individuals’ preferences [13]. To conclude the socially optimal
allocation, we assume a benevolent central planner that adopts a utilitarian social welfare
function. The central planner problem is defined as:

SW = max{Ce,t ,Ca,t ,St}∞

0
e−ρt [u(Ce,t ,St)+u(Ca,t ,St)]
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s.t.



Ṡt = rSt(1−St/K)−Ce,t−Ca,t

St , Ce,t ,Ca,t ≥ 0

S0 given; ρ > 0

or when writing the Hamiltonian:

H = u(Ce,S)+u(Ca,S)+ν

[
rS(1− S

K
)−Ce−Ca

]
(24)

The problem defined above shows that the central planner does not consider the altruistic
components given before.

Now we can set up the first order necessary conditions with respect to Ce,t , Ca,t and St and
ν to obtain our optimal results:

UCe(Ce,S) = ν (MPd1)

uCa(Ca,S) = ν (MPd2)

ν̇

ν
= ρ−2φ

C
S − (r−2r S

K ) (PBd)

Ṡ
S = r(1− S

K )−
Ce
S −

Ca
S (DCd)

(25)

and the transversality condition:

lim
t→∞

e−ρt
νtSt = 0 (26)

From (MPd1) and (MPd2) it follows that marginal utility of consumption should be the
same across agents. This implies that consumption of the egoist should equal consumption
of the altruist.

We will now set up a definition for a social planner equilibrium.

Definition 2: A social planner equilibrium in this consumption-amenity economy with
homogenous resource preferences is a sequence of consumption and a resource level holding
for each agent, {

[Ci,t ]i¹[e,a] , [St ]
}∞

t=0

14
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that solves (18); a sequence of a resource shadow price {νt}∞

t=0 that satisfies (MPd1)

,(MPd2) ,(PBd) and (DCd). Whereas Ci,t is symmetric ∀i ¹ {e,a}.

After solving the planner’s optimization for C =Ce =Ca the model constitutes the growth
path of consumption:

Ċ
C

=− 1
σ

[
ρ−2σφ

C
S
− r(1− S

K
)(1+φ(1−σ))− r

S
K

]
(27)

After putting (20) equal to zero and solving for C respectively, the model constitutes the
steady state solution:

C? =
1

2σφ

[
ρS− rS(1− S

K
)(1+φ −σφ)− r

S2

K

]
(28)

which holds for the representative agent.
The steady state resource level is given by:

rS(1− S
K
) = 2C?

or when implementing our results:

S? = K
[
(1+φ)

φ
− ρ

rφ

]
(29)

When comparing these results to the findings of our Nash equilibrium in Section 3.1., we
find a condition under which our Nash equilibrium is also efficient. It should hold that

ρ− r(1− S
K
)(1+φ −σφ)− r

S
K
≥ 2σ(1−σ)

uS(Ce,S)
uCa(Ca,S)

(30)

4 Conclusion

In this paper we have introduced a growth-conservation game with heterogeneous agents.
These agents’ determinants, i.e. altruism and egoism, are driving each one’s behavior in this
growth model. By using a commons which grows according to a logistic growth function the
results become more interesting due to its quadratic form.

The model has constituted each agent’s consumption growth path in order to specify the
law of motion of the system. By allowing the system to move towards its steady-state in
order to define each representative agent’s consumption reaction function, we have been able

15
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to determine and evaluate one Nash equilibrium in its steady-state. Through the distinction
of two types the model states that altruism and the valuing of resource amenities can render
more resource degradation than one would initially assume. We prove this by comparing our
results with a two player selfish-agent game and the social planner optimum.

Our results of acceleration of resource degradation are driven by the consumption exter-
nality the altruist is facing, imposed by the egoist on the altruist. What is more interesting is
that we have shown that the externality rebounces on the selfish agent in its steady state.

This paper adds to the literature on altruism in a dynamic setting with multiple agents
consuming one resource. Especially in the field of resource economics with a focus on re-
newable resources, different agent types have not yet been analyzed extensively. This paper
tries to bridge the gap between basic resource dynamics and game theoretical settings in a
growth-conservation setup.

Still, further research should follow in the context of open-loop and closed-loop equilibria
in a dynamic game of consumption growth and steady-state analysis. Because the evolution
of the state variable S, i.e. the resource variable, is not homogeneous of degree one in its state
variable, the reaction function of each agent is not linear in S. One could solve this problem
by using a linear growth function.

Further research can also be conducted in the area of uniqueness of the steady-state Nash
equilibrium.

16



REFERENCES Resource Amenities, Altruism and The Commons

References
[1] AYONG LE KAMA, A., AND SCHUBERT, K. Growth, environment and uncertain preferences.

Environmental and Resource Economics 28 (2004), 31–53.

[2] BECKER, G. A theory of social interactions. Journal of Political Economy 82 (1974), 1063–
1093.

[3] BERGSTROM, T. C. A fresh look at the rotten kid theorem-and other household mysteries. The
Journal of Political Economy 97 (1989), 1138–1159.

[4] BRANDER, J. A., AND TAYLOR, M. S. The simple economics of easter island: A ricardo-
malthus model of renewable resource use. The American Economic Review 88 (1998), 119–138.

[5] CHARNESS, G., AND HARUVY, E. Altruism, equity, and reciprocity in a gift-exchange experi-
ment:an encompassing approach. Games and Economic Behavior 40 (2002), 203–231.

[6] COPELAND, B. R., AND TAYLOR, M. S. Trade, tragedy and the commons. The American
Economic Review 99 (2009), 725–749.

[7] DATTA, M., AND MIRMAN, L. J. Externalities, market power, and resource extraction. Journal
of Environmental Economics and Management 37 (1999), 233–255.

[8] FISCHBACHER, U., GAECHTER, S., AND FEHR, E. Are people conditionally cooperative?
evidence from a public goods experiment. Economic Letters 71 (2001), 397–404.

[9] FONG, C. M. Evidence from an experiment on charity to welfare recipients: Reciprocity, altru-
ism and the empathic responsiveness hypothesis. The Economic Journal 117 (2007), 1008–1024.

[10] FUDENBERG, D., AND LEVINE, D. K. Open-loop and closed loop equilibria in dynamic games
with many players. Journal of Economic Theory 44 (1988), 1–18.

[11] HARDIN, G. The tragedy of the commons. Science 162 (1968), 1243–1248.

[12] HARSANYI, J. C. A theory of social values and a utilitarian theory of morality. Social Choice
and Welfare 12 (2009), 319–334.

[13] JOUVET, P.-A., MICHEL, P., AND PESTIEAU, P. Altruism, voluntary contributions and neu-
trality: The case of environmental quality. Economica 67 (2000), 465–475.

[14] KRUTILLA, J. V. Conservation reconsidered. The American Economic Review 57 (1967), 777–
786.

[15] MICHEL, P., AND ROTILLON, G. Desutility of pollution and endogenous growth. Environmen-
tal and Resource Economics 6 (1996), 279–300.

17



REFERENCES Resource Amenities, Altruism and The Commons

[16] NEHER, P. A. Natural Resource Economics: Conservation and Exploitation. Cambridge Uni-
versity Press, 1990.

[17] OSTROM, E., BURGER, J., FIELD, C. B., NORGAARD, R. B., AND POLICANSKY, D. Revis-
iting the commons: Local lessons, global challenges. Science 284 (1999), 278–282.

[18] SETHI, R., AND SOMANATHAN, E. The evolution of social norms in common property resource
use. The American Economic Review 86 (1996), 766–788.

[19] VAN LONG, N., SHIMOMURA, K., AND TAKAHASHI, H. Comparing open-loop with markov
equilibria in a class of differential games. The Japanese Economic Review 50 (1999), 457–469.

18



REFERENCES Resource Amenities, Altruism and The Commons

APPENDIX

Proof of Proposition 1:

a) ∂Ca
∂Ce

= φ(1−σ)> 0

b) ∂Ca
∂S = 1

σφ

[
δ −2r S

K − (r−2r S
K )(1+φ −σφ)

]
> 0i f f S

K ≥
1

2φr(1−σ)(r(1+φ −σφ)−δ )

c) ∂Ca
∂ r = 1

σφ

[
−2r S

K −S(1− S
K )(1+φ −σφ)

]
� 0∀S > 0.

Proof of Proposition 2:

a) ∂Ca
∂Ce

= φ(1−σ)> 0

b) ∂Ca
∂S = 1

σφ

[
δ −2r S

K − (r−2r S
K )(1+φ −σφ)

]
> 0i f f S

K ≥
1

2φr(1−σ)(r(1+φ −σφ)−δ )

Remark: −S Us(Ce,S)
UCa(Ca,S)

= φ
C1−σ

e
C−σ

a
and with that, the derivative w.r.t S disappears.

c) ∂Ca
∂ r = 1

σφ

[
−2r S

K −S(1− S
K )(1+φ −σφ)

]
� 0∀S > 0.
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